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Abstract Water immersion is increasingly being used by
elite athletes seeking to minimize fatigue and accelerate
post-exercise recovery. Accelerated short-term (hours to
days) recovery may improve competition performance,
allow greater training loads or enhance the effect of a given
training load. However, the optimal water immersion pro-
tocols to assist short-term recovery of performance still
remain unclear. This article will review the water immer-
sion recovery protocols investigated in the literature, their
effects on performance recovery, briefly outline the
potential mechanisms involved and provide practical rec-
ommendations for their use by athletes. For the purposes of
this review, water immersion has been divided into four
techniques according to water temperature: cold water
immersion (CWI; <20 °C), hot water immersion (HWI;
>36 °C), contrast water therapy (CWT; alternating CWI
and HWI) and thermoneutral water immersion (TWI; >20
to <36 °C). Numerous articles have reported that CWI can
enhance recovery of performance in a variety of sports,
with immersion in 10-15 °C water for 5-15 min duration
appearing to be most effective at accelerating performance
recovery. However, the optimal CWI duration may depend
on the water temperature, and the time between CWI and
the subsequent exercise bout appears to influence the effect
on performance. The few studies examining the effect of
post-exercise  HWI on subsequent performance have
reported conflicting findings; therefore the effect of HWI
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on performance recovery is unclear. CWT is most likely to
enhance performance recovery when equal time is spent in
hot and cold water, individual immersion durations are
short (~1 min) and the total immersion duration is up to
approximately 15 min. A dose-response relationship
between CWT duration and recovery of exercise perfor-
mance is unlikely to exist. Some articles that have reported
CWT to not enhance performance recovery have had
methodological issues, such as failing to detect a decrease
in performance in control trials, not performing full-body
immersion, or using hot showers instead of pools. TWI has
been investigated as both a control to determine the effect
of water temperature on performance recovery, and as an
intervention itself. However, due to conflicting findings it
is uncertain whether TWI improves recovery of subsequent
exercise performance. Both CWI and CWT appear likely to
assist recovery of exercise performance more than HWI
and TWI; however, it is unclear which technique is most
effective. While the literature on the use of water immer-
sion for recovery of exercise performance is increasing,
further research is required to obtain a more complete
understanding of the effects on performance.

1 Introduction

Athletic training typically involves a progressive increase
in training load to levels beyond which the body has
become accustomed then, by adapting to the new stress,
improvements in performance may occur provided ade-
quate recovery is allowed [1]. However, due to the high
frequency, intensity and volume of training and competi-
tion, elite athletes often experience high degrees of fatigue
[1]. For the purposes of this review, fatigue is defined as
the sensation of tiredness and associated decrements in
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muscular performance and function [2]. Fatigue may result
from an individual session and impair athletic performance
for minutes to days. Alternatively, fatigue can accumulate
throughout a training block or tournament, this is often
referred to as overreaching and may last days to weeks [1,
3-5]. Fatigue has been acknowledged as a complex phe-
nomenon [2], and while the causes are not fully under-
stood, a combination of both central and peripheral factors
are likely [6].

To maximize training and competition performance,
fatigue should be minimized by recovering as fast as pos-
sible. Recovery refers to the restoration of the body’s
physiological and psychological processes, allowing ath-
letes to potentially return to their pre-fatigue state and
performance level [7]. However, in many circumstances,
only partial recovery is possible due to the short duration
between successive exercise bouts and the high degrees of
fatigue experienced by many athletes [3-5]. This article
will focus on what has previously been referred to as
‘training recovery’, which is recovery between successive
training sessions or competitions [8].

Elite athletes are increasingly using specific techniques
to accelerate recovery and gain a competitive advantage.
Accelerated recovery may allow athletes to be less fatigued
in competition, sustain greater training loads or enhance
the effect of a given training load [9]. Water immersion is
one recovery technique that is both widely used by athletes
[10] and has been examined in the scientific literature
(Table 1). Following exercise, participants typically
immerse all or part of their body in water; however, the
optimal protocols to assist recovery of exercise perfor-
mance remain unclear. The water temperature, immersion
duration, timing, immersion depth and activity level can all
vary.

For the purposes of this review, water immersion for
recovery of athletic performance has been divided into four
techniques according to water temperature: cold water
immersion (CWI; <20 °C), hot water immersion (HWI;
>36 °C), contrast water therapy (CWT; alternating CWI
and HWI) and thermoneutral water immersion (TWI; >20
to <36 °C). All studies claiming to investigate CWI have
used temperatures <20 °C; therefore, this cut-off has been
used for CWI. Water temperatures of approximately 35 °C
are considered to be thermoneutral as they do not alter core
temperature during prolonged immersion [11]; however,
water temperatures as low as 21 °C have been included in
TWI to incorporate the use of swimming pools that are
likely to cause limited body cooling [11]. In comparison,
immersion in >36 °C water was defined as HWI as it will
increase core temperature [11]. This paper aims to review
the water immersion recovery protocols for each technique,
their effect on recovery of performance and provide prac-
tical recommendations for use by athletes. A greater
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understanding of the performance effects will allow sports
scientists and coaches to optimize the water immersion
protocols they recommend to athletes, thereby aiding post-
exercise recovery.

While many of the physiological responses to water
immersion are relatively well documented [12-14], the
exact mechanisms by which recovery of performance
might be affected remain uncertain and may differ between
modes of exercise depending on the mechanisms of fatigue
involved. A brief description of the potential mechanisms
has been included to assist with understanding why studies
may differ in their effects on performance recovery. The
potential mechanisms are likely to be associated primarily
with the effects of hydrostatic pressure and water temper-
ature on the body [15]. Hydrostatic pressure is likely to
cause an elevation in cardiac output, muscle blood flow and
diffusion of metabolic waste products from muscle to the
blood [15-17], possibly assisting recovery by enhancing
removal of metabolic waste products produced during
exercise [15-17] and reducing the transport time of oxy-
gen, nutrients and hormones to fatigued muscles [12, 15,
16]. Furthermore, hydrostatic pressure may limit formation
of oedema following exercise, possibly reducing further
muscle damage, maintaining oxygen delivery to muscles
and maintaining contractile function [15].

Water temperature may influence these physiological
responses and potential mechanisms through changes in
skin temperature. During HWI superficial vasodilation and
an increase in blood flow is likely to occur; conversely
CWI is associated with vasoconstriction and a relative
decrease in blood flow [15, 18, 19]. It is recognized that
cryotherapy reduces inflammatory responses and alleviates
muscle spasm and pain following acute soft tissue injuries
[20-22], similar responses may occur following CWI due
to a reduction in nerve conduction velocity [23, 24]. Fur-
thermore, both CWI and CWT may promote recovery by
accelerating post-exercise decreases in heat storage and
core temperature to homeostasis or below [25-32], while
HWI may slow decreases in core temperature [28]. Similar
changes in intramuscular temperature have been shown in
response to CWI [29, 33, 34] and HWI [35, 36]. If muscle
temperature is elevated during subsequent exercise it may
enhance muscle function and performance [37]. Con-
versely, performance during longer duration tests, partic-
ularly in warm to hot environmental conditions is likely to
be improved by a reduction in core temperature due to a
pre-cooling effect [38, 39]. More detailed explanations of
these potential mechanisms are available in recent review
articles [15, 40-42].

In total, 214 studies were retrieved for the present
review through PubMed searches before 31 March 2012
using the keywords ‘water immersion’, ‘hydrotherapy’,
‘ice bath’, ‘cryotherapy’, ‘spa’, ‘hot tub’, ‘jacuzzi’, ‘pool’,
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‘recovery’ and ‘exercise’. In addition, other published
articles known to the authors were retrieved, as well as
those obtained through reference list searches of the
retrieved studies. Studies were retained for inclusion in this
review if they contained original research examining the
effect of post-exercise water immersion on recovery of
performance in humans. The 53 studies that met these
criteria are summarised in Table 1.

2 Water Immersion Recovery Techniques

In all four water immersion recovery techniques, hydro-
static pressure acts on the body and its magnitude has a
linear relationship with both water density and immersion
depth according to the equation:

Phyd:Patl11+gprh

where Pj,, = water pressure (Pa), P,,, = atmospheric
pressure (sea level ~ 1,013 Pa), g = gravity (9.81 m/s>),
p = water density (1,000 kg/m>) and & = height of the
water (m) [15]. Therefore, hydrostatic pressure will be
influenced primarily by immersion depth, which usually
varies from waist to shoulder height with participants in a
seated or upright posture (Table 1). The hydrostatic pres-
sure at depths of 50, 100 and 150 cm would be 44, 81, and
118 mmHg, respectively, at sea level. If a consistent
hydrostatic pressure is maintained across all four tech-
niques, the key difference between techniques that may
affect performance recovery is water temperature. Other
factors may also vary between studies and influence the
findings, but they can be kept constant between techniques.
These include immersion duration, whether participants are
active or passive during immersion, the nature of the
fatiguing exercise and performance measures, the timing of
performance measures and water immersion, and the
environmental conditions (Table 1). Water immersion
techniques are typically performed within 30 min post-
exercise; however, some studies perform additional ses-
sions at regular intervals post-exercise (e.g. next day) [21,
43-48].

2.1 Cold Water Immersion (<20 °C)
2.1.1 Overview

CWI temperatures examined in the literature range from
5-20 °C; however, temperatures of either 5 °C [26, 49-51]
or 10-15 °C [3, 21, 26-30, 34, 43-45, 48, 51-66] are most
common. Total immersion time typically ranges from
3-20 min, consisting of either a single immersion
(5-20 min) [21, 26-30, 34, 43, 45, 48, 51, 53, 56, 58-66],
or multiple shorter immersions (1-5 min) separated by a
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period of time out of the water (1-2.5 min) [3, 44, 49, 52,
54, 55, 57, 67, 68]. The immersion depth may vary from
waist [43, 49, 53, 56, 59, 61, 63, 65-69] to shoulder height
[3, 19, 27-30, 48, 54, 55, 57, 58, 60, 62, 64, 70, 71];
however, a number of studies have investigated the effect
of localized cooling of a body part (e.g. arm) [21, 45, 50—
52]. Participants are usually passive during immersion in
still water. CWI is increasingly being performed in pur-
pose-built pools at athletic recovery facilities; but, for
many athletes, the use of a bath or portable pool is more
practical, particularly when travelling. Pools may be con-
nected to portable chilling units that allow easier temper-
ature regulation. In cold climates, the water in rivers, lakes,
oceans and out of the tap may be <20 °C.

2.1.2 Performance Effects

The effect of post-exercise CWI on recovery of exercise
performance has been investigated in numerous studies
(Table 1). Most have reported that CWI can assist perfor-
mance recovery [3, 26-28, 44, 48, 52-56, 64], or has no
significant effect [21, 29, 34, 43, 45, 49, 50, 57-60, 66, 67,
70], while only a few have reported a detrimental effect on
recovery following fatiguing exercise [30, 51, 61-63].
Performance improvements have been reported for cycling
[27, 28, 53, 55], running [3, 26, 54, 64], climbing [52],
vertical jump [3, 68] and leg strength tests [44, 48, 56],
suggesting that the beneficial effects of CWI are not limited
to specific forms of exercise. Furthermore, these perfor-
mance improvements have been reported to last for min-
utes [26, 27, 52] to days [3, 28, 44, 48, 53-56, 64] post-
CWI, probably depending on the intensity and mode of
exercise [8, 72].

Most studies have compared CWI with a resting control
condition [26-30, 34, 43, 44, 48, 52, 53, 56, 58, 60-68, 71,
73]; however, in attempts to isolate the effects of water
temperature from those of water immersion, Sellwood et al.
[49] and Rowsell et al. [54, 70] compared CWI with TWI.
In Sellwood et al. [49] participants alternated 1 min in
water to the anterior superior iliac spine, and 1 min out of
the water, repeated three times. They found that CWI
(5 °C) had no significant effect on recovery of quadriceps
maximal isometric torque compared with TWI (24 °C) at
24, 48 or 72 h following eccentric leg extensions in
untrained adults. In contrast, Rowsell et al. [54, 70] (both
articles used the same participants) reported that CWI
(10 °C) reduced the decrement in running distance (CWI:
—5 %, TWI: —10 %) and heart rate across four matches of
a 4-day football (soccer) tournament compared with TWI
(34 °C) [54], but did not change repeated sprint test or
countermovement jump performance at 22 h post-tourna-
ment [70]. The water immersion consisted of alternating
1 min in water to midsternal level, 1 min out of the water,
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repeated 5 times. Although Sellwood et al. [49] reported no
significant effect on performance, the findings of Rowsell
et al. [54, 70] suggest that water temperature may influence
performance recovery in the days post-immersion. These
contrasting findings could be due to the different CWI
temperatures, types of exercise performed or subject pop-
ulations [8, 72].

Studies that have found CWI to assist recovery of
exercise performance have typically examined immersion
in 10-15 °C water (Table 1) [3, 26-28, 44, 48, 52-56, 64];
however, only two studies have attempted to determine the
ideal temperature by directly comparing different CWI
temperatures [26, 55]. In Yeargin et al. [26] participants
performed a 90-min moderate-intensity hilly trail run,
followed immediately by water immersion and then a
2-mile running race 15 min later. They reported no sig-
nificant difference in race performance following 12 min
CWI of the upper legs to shoulders in 14 °C (2 % faster)
compared with 5 °C; however, only performance following
immersion in 14 °C water was faster than control [6 %,
0.41 effect size (ES)], suggesting that CWI in 14 °C is
preferable to 5 °C for recovery of running performance. In
a more recent attempt to determine the ideal CWI tem-
perature, Vaile et al. [55] compared intermittent immer-
sions to shoulder level in 10, 15 and 20 °C water for 5 min
and continuous immersion in 20 °C for 15 min following
cycling. Although all CWI conditions helped maintain
subsequent (1 h later) cycling time-trial performance
(10 °C: —0.6 %, 15 °C: 0.4 %, 20 °C: —1.0 %, 20 °C
continuous: —0.6 %) compared with active recovery
(—4.1 & 1.8 %), there were no significant differences in
performance between CWI conditions.

However, it is notable that the studies by both Yeargin
et al. [26] and Vaile et al. [55] were performed in warm-to-
hot environmental conditions (27 and 34 °C, respectively)
and the subsequent performance tests were conducted
within about 30-min post-CWI. Therefore, the findings
may not transfer to exercise in other environmental con-
ditions because CWI may have assisted subsequent per-
formance due to pre-cooling, as opposed to enhanced
recovery [38]. This suggestion is supported by the
decreases in body temperatures observed following CWI
and during subsequent exercise in both studies [26, 55].
Interestingly, Yeargin et al. [26] suggested that CWI in
5 °C may have cooled participants too much to allow
optimum performance 15 min later as they reported feeling
‘stiff and cold’. Furthermore, the performance effects in the
subsequent hours and days remain unknown and may differ
from the initial 30-min post-immersion. Based on the
combined findings of the scientific literature (Table 1),
CWI in 10-15 °C water appears most likely to assist
recovery of exercise performance; nevertheless, the find-
ings of Vaile et al. [55] suggest that CWI in temperatures

as warm as 20 °C might be as effective for recovery of
exercise performance in hot conditions.

In addition to water temperature, immersion duration
may influence the effect of CWI on recovery of perfor-
mance. Peiffer et al. [29] is the only study to have exam-
ined different CWI durations, comparing 5, 10 and 15 min
in 14 °C water to midsternal level on recovery of knee
extensor maximal isometric and isokinetic torque. How-
ever, none of the CWI durations accelerated performance
recovery, probably because testing was performed
10-25 min after CWI and therefore participants were still
too cold to perform anaerobic tests optimally. If partici-
pants had more time to adequately warm-up prior to testing
[37], or a prolonged aerobic test had been performed, the
results may have been different [38]. This point will be
discussed in more detail later in this section. Studies that
have found CWI can assist recovery of exercise perfor-
mance have typically used immersion durations of
5-15 min [3, 26-28, 44, 48, 52-56, 64], but these durations
are also common in studies not reporting a performance
benefit (Table 1) [21, 29, 34, 43, 58-63, 66, 70]. When
considering immersion duration, thought should also be
given to the practicality of performing CWI due to the
thermal discomfort experienced during immersion [25, 52,
55, 56]. Shorter immersion durations are probably more
tolerable for athletes, therefore increasing compliance;
although, this may not be optimal for recovery of perfor-
mance. Whether longer immersion durations provide
greater recovery benefits remains unknown at this stage.

The optimal CWI duration for recovery of performance
may also differ depending on the circumstances. It would
seem logical that immersion durations should be shorter in
colder water (within the previously discussed range of
10-15 °C) as less time would be required to have the same
cooling effect on the body [26, 55]. In addition, until
recently it was thought that athletes with higher subcuta-
neous adipose tissue levels experienced a slower decrease
in core temperature during CWI [74, 75], possibly due to
poor vascularization and thermal conductivity of adipose
tissue [76]. However, this understanding was based on the
responses of normothermic individuals during CWI [74,
75]. In contrast, athletes may commence water immersion
with elevated body temperatures due to prior exercise.
More recently, it has been found that subcutaneous adipose
tissue levels (12.9 &= 1.9 % vs. 22.3 + 4.3 %) have no
significant effect on core body temperature cooling rates in
habitually active, hyperthermic individuals performing
post-exercise CWI (full body immersion in 8 °C) [77].
Lemire et al. [77] suggested this was due to any differences
in muscle insulation being reduced by a high residual
muscle blood flow and blood pooling post-exercise, and
exercise in the heat causing an increase in skin blood flow
and therefore a decrease in the effect of greater adipose
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tissue insulation. These findings suggest that CWI duration
may be positively related to subcutaneous adipose tissue
levels when athletes are normothermic, but not when they
are hyperthermic, and immersion duration should be
altered accordingly.

The timing of CWI post-exercise may also influence any
effects on performance recovery; however, most studies
have commenced water immersion within 30-min post-
exercise (Table 1). To our knowledge, Brophy-Williams
et al. [64] is the only study to have compared the effect of
immediate, versus delayed CWI on recovery of exercise
performance. It was reported that 15 min in 15 °C water to
midsternal level provided greater recovery benefits in team
sport athletes when undertaken immediately compared
with 3 h post-exercise, but performing CWI 3 h post-
exercise was still likely to assist recovery. Performance
changes were measured 24 h after fatiguing exercise by the
Yoyo Intermittent Recovery test. Furthermore, some stud-
ies have investigated the effect of multiple CWI sessions in
the days following a single exercise bout [21, 43—45, 48]
probably because it was thought that multiple sessions
would be more likely to stimulate a physiological response
and therefore promote recovery than a single session [26,
27, 29, 30, 34, 50, 52, 53, 55-63, 67, 68]. It remains
uncertain whether this is the case as no study has conducted
a direct comparison, and the proportion of studies that find
performance benefits using each methodology is similar
(~40 %).

Conversely, most athletes train or compete once or twice
per day for many days in succession; therefore, studies
examining repeated post-exercise CWI use are likely to be
more sports-specific in design [3, 28, 51, 54, 65]. Vaile
et al. [28] used such a design and found that CWI for
14 min in 15 °C water to shoulder level following a high-
intensity cycling protocol performed daily for 4 days in
succession enhanced recovery compared with control.
Similar findings were also observed by Montgomery et al.
[3] and Rowsell et al. [54] during multiday team sport
tournaments, in which repeated post-exercise CWI
enhanced performance recovery. These combined findings
suggest that repeated post-exercise CWI are likely to
enhance performance recovery, possibly due to accumu-
lated fatigue from multiple exercise bouts [5, 28]. Con-
trasting findings were reported by Yamane et al. [S1] in
four experiments summarized in Table 1; however, their
results should be interpreted with caution as the study used
a low number of sedentary adult participants and therefore
their findings may not transfer to trained athletes. It is
generally recognized that sports science research should be
performed on highly trained participants to increase
applicability to athletic populations [9, 78], as trained
athletes have been shown to have a reduced capacity for
adaptation and some different physiological responses
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during and following training, compared with sedentary
adults [79-82]. Furthermore, the exercise protocols used by
Yamane et al. [51] were unlikely to have produced accu-
mulated fatigue, in some cases were not sports specific and,
additionally, only the exercised portion of the body was
immersed.

Studies investigating the use of CWI to accelerate
recovery have measured exercise performance at times
ranging from immediately post, to up to 7 days after the
completion of CWI (Table 1). The timing of performance
tests is likely to depend largely on the practical situation
being replicated, the time-course of the fatigue experi-
enced by participants and the time available to conduct
the research. Most studies that report CWI as having a
detrimental effect on recovery of performance have per-
formed high-intensity, explosive exercise tests within
45 min of completing CWI [30, 61-63]. However, CWI
has been shown to decrease internal body temperatures
following immersion [30], and it is recognized that ele-
vated internal body temperatures can improve sports
performance [37]. Therefore, to perform optimally, ath-
letes should not undertake CWI shortly before (<45 min)
high-intensity, explosive exercise unless an adequate
warm-up is completed to increase internal body temper-
atures. The CWI is effectively acting as pre-cooling for
the subsequent exercise, therefore longer duration per-
formance tests or tests performed in a warm-to-hot envi-
ronment may benefit more from the lower internal body
temperatures that can result from CWI [38, 39]. This
reduction in core temperature is the likely mechanism
behind studies, which have found that CWI can assist
recovery of performance in the heat, despite undertak-
ing exercise tests within 35 min of water immersion
[26, 27, 55].

2.2 Hot Water Immersion (>36 °C)
2.2.1 Overview

HWI is typically performed in temperatures >36 °C, with
immersion times examined in the literature ranging from
1024 min [28, 45, 48, 66, 83]. A single full-body
immersion is usually performed; however, similar to CWI,
one study has examined the effect of localized heating of a
body part (arm) [45]. Participants are usually passive dur-
ing immersion, although underwater jets are often available
for massage [15, 83]. Hot pools may be more widely
available than cold pools as they might be part of a
swimming pool complex, and hot temperatures are easier to
achieve than cold temperatures in a home or hotel bath.
Similar to CWI, a bath or portable pool attached to a
heating unit may be more practical at some competition or
training venues.
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2.2.2 Performance Effects

Few studies have investigated the effect of HWI on
recovery of exercise performance [28, 45, 48, 66, 83],
and none have provided substantial evidence that HWI
may assist performance recovery. The first study was
performed by Viitasalo et al. [83] and found that 20 min
of warm (37 °C) underwater jet massage performed daily
for 3 days by junior elite track-and-field athletes,
improved maintenance of repeated jump test mean power
(0%, p=>0.05) compared with control (—10 %,
p < 0.001), but had no significant effect on leg extension
maximal isometric strength or jump height across the
training block. A subsequent study by Kuligowski et al.
[45] found that following elbow flexor eccentric con-
tractions, immersion for 24 min in 39 °C water had no
significant effect on elbow flexor maximal isometric
contractions compared with control for up to 96 h [45].
While HWI was performed daily for 4 days, Kuligowski
et al. [45] only exercised and performed HWI on the
non-dominant arm elbow flexors of untrained partici-
pants; therefore (as discussed earlier), the applicability of
their findings to athletes performing sport-specific tasks
may be limited.

More recently, Vaile et al. [28] reported that daily
post-exercise immersion for 14 min in 38 °C water to the
shoulders had no significant effect on subsequent cycling
sprint or time-trial ability over 5 days compared with
control. However, in another study [48], the same
authors found that an identical HWI protocol improved
recovery of isometric squat force for 72-h post-exercise
(24 h: —12.8 %, 48 h: —10.1 %, 72 h: —3.2 %) com-
pared with control (24 h: —17.0 %, 48 h: —16.0 %, 72 h:
—9.8 %), but did not significantly affect loaded squat
jump maximal power, following an eccentric leg-press
protocol designed to induce muscle damage. Based on
the small number of studies in the area, it is unlikely
that post-exercise HWI has a significant effect on
recovery of subsequent exercise performance, despite a
range of fatiguing exercise protocols, and performance
tests having been examined in the literature. Therefore,
HWI is currently not recommended as a recovery tech-
nique for athletes. However, there is some suggestion
that HWI may improve recovery of isometric squat force
[48] and repeat rebound jump average power (without
improving jump height) [83] following muscle-damaging
exercise. While the investigated HWI protocols appear
unlikely to have a detrimental effect on performance,
if HWI causes an elevation in core temperature
during subsequent prolonged exercise (particularly in
hot environmental conditions), performance may be
compromised [39].

2.3 Contrast Water Therapy (Alternating >36
and <20 °C)

2.3.1 Overview

CWT is performed by alternating regularly between HWI
and CWI. Most published CWT protocols alternate 3—7
times between 1 min CWI and 1-2 min HWI, accumulat-
ing 6-15 min in the water [28, 48, 65, 66, 68, 84-86]. In
some studies, a hot shower is used instead of a hot pool [46,
57, 67, 87, 88], possibly to simulate a situation in which
athletes do not have access to this facility. In the literature,
there appears to be no consensus on whether CWT should
finish with HWI [44, 57, 6668, 84, 86, 88] or CWI [28, 45,
46, 48, 65, 85, 87, 89], with roughly half of the protocols
finishing with either temperature. Participants are usually
passive during the water immersion; however, they are still
required to move between pools. The equipment or facili-
ties required to perform CWT may be relatively difficult to
obtain because both hot and cold water are required.

2.3.2 Performance Effects

To our knowledge, 20 studies have investigated the effect
of post-exercise CWT on recovery of exercise performance
(Table 1) [25, 28, 4446, 48, 57, 65-68, 71, 84-91], with
only nine reporting beneficial effects [25, 28, 48, 65, 66,
68, 86, 89, 90]. Nonetheless, many of the studies reporting
beneficial effects on performance recovery have contained
similar CWT protocols [25, 28, 48, 65, 66, 86, 89, 90] that
differ notably from the protocols used in studies that do not
find a performance benefit [44—46, 57, 67, 71, 84, 85, 87,
88, 91], suggesting that certain protocols might be more
likely to enhance performance recovery. These protocols
typically alternate regularly between hot and cold water
(1-2 min immersions), contain a similar ratio of hot-to-
cold water immersion, involve full-body immersion and do
not use hot showers instead of a pool. Two of the studies
that found performance benefits were conducted by Vaile
et al. [28, 48] who used different modes of exercise, but
identical water immersions that led to the CWT protocol
suggestions above (alternating 1 min in 38 °C, and 1 min
in 15 °C, for 14 min immersed to shoulder level). Vaile
et al. [28] found that CWT performed daily for 4 consec-
utive days post-exercise enhanced recovery of cycling
time-trial performance on days 2-5 (0.0-1.7 %) compared
with control (—2.6 to —3.8 %), but did not improve
recovery of sprint performance (0.5-2.2 %) until days
4 and 5 compared with control (—1.7 to —4.9 %). Their
results indicated that the benefits of CWT may be greater
when athletes have cumulative fatigue from multiple daily
training sessions. Vaile et al. [48] reported that daily CWT

A\ Adis



1124

N. G. Versey et al.

for 4 days enhanced recovery of squat-jump performance
(24 h: —6.7 %, 48 h: —3.4 %, 72 h: 0.0 %) compared with
control (24 h: —14.6 %, 48 h: —12.5 %, 72 h: —7.8 %)
and isometric squat performance (24 h: —10.3 %, 48 h:
—74 %, 72 h: —2.8 %) compared with control (24 h:
—17.3 %, 48 h: —14.0 %, 72 h: —11.5 %), at 24, 48 and
72 h after participants undertook a delayed onset-muscle-
soreness-inducing leg-press protocol.

Other studies have used similar CWT protocols to Vaile
et al. [28, 48] and found improvements in recovery of
exercise performance. An earlier study by Vaile et al. [86]
also used a delayed onset-muscle-soreness-inducing leg-
press protocol and found that CWT (alternating 1 min in
8-10 °C, and 2 min in 40-42 °C, for 15 min) enhanced
recovery of isometric squat force (mean £ SD 24 h:
~—6=x21 %, 48h: ~— 11 £ 16 %) compared with
control (24 h: —20.8 £ 15.6 %, 48 h: —22.5 £ 12.3 %),
and jump-squat peak power (24 h: ~— 9 £ 12 %, 48 h:
~—3 1 16 %) compared with control (24 h: —18.0 £
11.6 %, 48 h: —22.7 £ 15.8 %), despite participants only
immersing in the water to the level of the anterior superior
iliac crest, using 8-10 °C instead of 15 °C CWI, and
spending twice as much time in the hot than the cold water.
Higgins et al. [65] reported that post-exercise CWT
(alternating 1 min in 10-12 °C, and 1 min in 38-40 °C, for
7 min) performed 3 times per week for 4 weeks enhanced
recovery of 300 m sprint performance (0.72 ES), but had
no significant effect on repeat sprint performance in well
trained rugby union players.

Furthermore, Buchheit et al. [89] reported that CWT
(2 min in an 85-90 °C sauna, 2 min in 36 + 2 °C water to
midsternal level, 2 min in 12 & 1 °C water to iliac crest
level, repeated 3 times) performed 12—-15 h post-match can
enhance recovery of football match running performance
(sprinting distance 30 £ 67 %, peak match speed
6 £ 3 %) over two consecutive games within 48 h in
highly trained youth footballers. However, their results
should be interpreted with care as the study was conducted
retrospectively by analysing data from a competitive sea-
son that met criteria for inclusion in their study. Data from
only five participants were included and, due to the retro-
spective nature of the study, there appeared to be little
control over other recovery practices performed by the
footballers between consecutive games.

The duration of CWT may influence its effect on
recovery of exercise performance. Versey et al. [25, 90]
conducted two studies investigating whether post-exercise
CWT (alternating 1 min in 38 °C, and 1 min in 15 °C for
6, 12 or 18 min to the shoulders) had a dose-response effect
on recovery of exercise performance. Both studies found
that a dose-response relationship did not exist, but CWT for
6 and 12 min accelerated recovery of sprint and time-trial
cycling performances 2 h later, while CWT for 6 min
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assisted recovery of 3,000 m running performance. These
findings suggest that CWT for 6-12 min duration is more
effective at accelerating recovery of exercise performance
than longer durations such as 18 min. While these findings
may also imply that CWT for 12 min is only effective for
recovery following concentric-only exercise, it should be
noted that the original authors suggested that CWT for 12
and 18 min may have failed to assist recovery of running
performance because their cooling effects were too large
for the cold environmental conditions experienced by
participants [90]. Therefore, the different findings could be
due to the environmental conditions experienced during
each study, and further research is required to determine
whether CWT affects recovery from running and cycling
performance differently. In addition, it has been suggested
that the stimulus for benefits from CWT is the movement
between extreme temperatures [40], therefore it would
seem logical for CWT protocols to consist of short
immersions (~ 1 min) and alternate frequently between the
hot and cold water.

Eleven studies have found little or no enhancement in
recovery of exercise performance after undertaking post-
exercise CWT [44-46, 57, 67, 71, 84, 85, 87, 88, 91];
however, some have had methodological issues, possibly
compromising their ability to observe an improvement in
performance [46, 57, 68, 84, 88]. Coffey et al. [84], King
and Duffield [68] and Robey et al. [46] used methodology
that failed to detect a decrease in performance in their
control trials. Therefore, either the exercise protocols did
not induce sufficient fatigue, or the performance tests used
were inappropriate to detect the fatigue. An improvement
in exercise performance compared with baseline would
have been required for CWT to assist recovery. This is
unlikely to occur and would bring into question the validity
of the baseline performance. Hamlin [88] and Kinugasa
and Kilding [57] compared CWT with active recovery
(6 min jogging at 6.8 km/h) and stretching (7 min of static
stretching and 2 min with legs above the heart), respec-
tively, rather than a resting control condition. If active
recovery or stretching assisted recovery of exercise per-
formance it would decrease the possibility of finding a
significantly beneficial effect from CWT.

The remaining studies that found CWT had no signifi-
cant effect on performance recovery [44, 45, 67, 71, 85, 87]
all used CWT protocols that differed from the relatively
similar protocols used in studies that reported recovery
benefits, therefore it appears that certain CWT protocols
are less likely to assist recovery than others. Vaile et al.
[28, 48] compared different water immersion recovery
interventions and reported that CWI assisted recovery of
exercise performance, while HWI did not have the same
benefits. Consequently, CWT protocols containing 2-3
times more HWI than CWI seem counterintuitive and have
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generally failed to assist recovery of exercise performance
[45, 46, 57, 68, 84, 85, 87, 91]. In addition, it appears
reasonable that increasing the amount of the body
immersed during CWT would increase the possibility of a
physiological response to either the water immersion or the
extreme temperatures [35]. Several studies have only
immersed the lower part of the body during CWT [44, 46,
6668, 84, 86-88], thereby potentially decreasing the
magnitude of any physiological response. Most of these
studies have been unsuccessful at accelerating recovery of
exercise performance [44, 46, 67, 84, 87, 88]. Some studies
have used a hot shower instead of pool immersion,
decreasing the body surface area in contact with hot water
and removing any potential benefits from hydrostatic
pressure on the body while in the shower [46, 57, 67, 68,
87, 88]. Likewise, these studies have typically failed to
assist recovery of subsequent exercise performance.

Finishing CWT in either hot or cold water does not
appear to influence the likelihood of subsequent perfor-
mance benefits. Of the nine studies to find a benefit, four
finished in hot [65, 68, 86] and five in cold water [25, 28,
48, 89, 90]. Studies that did not report an improvement in
exercise performance were split six to four for finishing in
hot [44, 57, 67, 84, 87, 88] and cold water [45, 46, 71, 85,
91], respectively.

2.4 Thermoneutral Water Immersion (>20 to <36 °C)
2.4.1 Overview

Water temperatures of approximately 35 °C are considered
to be thermoneutral as they do not alter core temperature
during prolonged immersion [11]. Consequently, some
studies have used immersion in approximately 35 °C as a
control condition to isolate the effects of water temperature
from those of water immersion on post-exercise recovery.
These studies are discussed in the section on CWI as they do
not contain a control condition without immersion [49, 54,
69, 70]. For the purposes of this review, water immersion
performed in swimming pools has been included in TWI
[47, 87, 92-95]. Consequently, TWI temperatures in the
literature range from 24 to <36 °C [47, 49, 54, 69, 70, 87,
95]; however, some studies have failed to report water
temperature [92-94]. Typical immersion durations range
from 15 to 30 min [47, 87, 92, 94, 95]. Unlike the other
water immersion techniques, published TWI protocols often
contain swimming, walking and other aerobic exercises [47,
87, 92-95], while, anecdotally, athletes may also perform
stretching during immersion. The water temperature
required for TWI is relatively easy to obtain as swimming
pools are usually more readily available than cold or hot
pools, and tap water may be used to achieve the desired
temperature in a bath without cooling or heating the water.

2.4.2 Performance Effects

To our knowledge, six studies have examined the effect of
TWI on recovery of exercise performance compared with a
control condition [47, 87, 92-95]. In five studies [47, 87,
92, 94, 95], participants performed TWI containing low-
intensity exercise that appeared to be designed to enhance
recovery, adding active recovery as a new mechanism in
addition to water immersion by which performance
recovery might be affected. Despite the inclusion of low-
intensity aerobic exercise in the five studies [47, 87, 92, 94,
95], contrasting findings were reported. Dawson et al. [87]
found that TWI (15 min walking in 28 °C shallow water)
improved recovery of vertical jump, but not cycling sprint
performance 15 h after Australian football games (1.02
ES). Meanwhile, Takahashi et al. [47] reported that TWI
(30 min of aqua exercise in 29 °C water) helped maintain
leg muscle peak power 24 h after downhill running
(—4.1 %) compared with control (—16.5 %). In contrast,
Cortis et al. [92] and Tessitore et al. [94, 95] found that
20 min of shallow water aerobic exercise had no significant
effect on recovery of explosive exercise performance after
6.5 h and about 5 h, respectively. In Tessitore et al. [95]
TWI was performed in 30 °C water; however while neither
of the other two studies reported water temperature [92,
94], it is likely that they were performed in swimming
pools of 25-30 °C. While the fatiguing exercise bouts
differed between these four studies, both the performance
measures and TWI protocols were similar [47, 87, 92, 94,
95]. It is possible that the different fatiguing exercise bouts
or timing of the post-exercise performance measures
(5-24 h) could explain the contrasting findings [8, 72].
Cortis et al. [92] and Tessitore et al. [94, 95] may have
found different outcomes if the performance measures had
been performed the day after TWI.

Another study [93] examined the effect of a 45-60 min
high-intensity swimming interval training session 10 h
after a high-intensity interval running session on recovery
of running performance in triathletes. Despite the high-
intensity of the swimming session, Lum et al. [93] reported
that running time to fatigue was greater (830 £ 198 s)
compared with control (728 4 183 s) at 24 h post-exer-
cise. Based on the available literature, there is a possibility
that TWI combined with aerobic exercise may improve
recovery of explosive exercise performance; however, due
to the contrasting findings and lack of available literature,
this is uncertain.

2.5 Comparison of Water Immersion Recovery
Techniques Performance Effects

To optimize the recovery of exercise performance, athletes
need to know which water immersion technique will

A\ Adis



1126

N. G. Versey et al.

provide them with the greatest recovery benefits. Further-
more, it is possible that the optimal immersion technique
may differ between sports, because certain recovery tech-
niques may assist recovery from some forms of exercise
more than others [8, 72]. Vaile et al. conducted two
important studies [28, 48] that aimed to answer these
questions by comparing the effect of full-body CWI
(15 °C), HWI (38 °C), CWT (alternating 1 min in 38 °C,
and 1 min in 15 °C) and control for 14 min on recovery of
sprint and time-trial cycling performance [28], and the
functional deficits associated with delayed onset muscle
soreness [48]. Both studies used the same water immersion
protocols and suggested that daily CWI and CWT assisted
recovery of performance by similar amounts, and more so
than HWI or control during the 3—4 days post-exercise.
Moreover, both CWI and CWT assisted recovery by a
greater percentage compared with control following mus-
cle damaging exercise (2-10 %) [48], compared with
cycling performance (0-2 %) [28]. While it should be
remembered that the performance tests differed between
the two studies, these findings not only suggest that CWI
and CWT are likely to provide athletes with the greatest
recovery benefits, but also that the recovery benefits may
be greater following muscle-damaging exercise than
cycling.

The findings of Vaile et al. [28, 48] contradict those of
an earlier study by Kuligowski et al. [45] that also com-
pared CWI (13 °C), HWI (39 °C), CWT (alternating 3-min
HWI, and 1-min CWI) and control for 24 min performed
daily for 3 days following eccentric elbow flexor contrac-
tions. It was found that none of the water immersion
techniques affected recovery of elbow flexor maximal
voluntary isometric contraction during the next 4 days. The
lack of significant findings could have been because the
participants were untrained and they did not perform
whole-body sports-specific exercise, as only one arm was
exercised and immersed [9, 78].

Other studies have compared CWI and CWT in team
sport athletes, but their findings have been inconsistent and
inconclusive [44, 45, 57, 65, 67, 87]. Higgins et al. [65]
suggested that CWT (alternating 1 min in 10-12 °C, and
1 min in 3840 °C, for 7 min) assisted recovery of anaer-
obic exercise performance in rugby players by a greater
amount (repeat sprint test: 0.99 ES, 300 m sprint: 0.53 ES)
than CWI (5 min in 10-12 °C to above waistline) when
performed 3 times per week for 4 weeks. In contrast, In-
gram et al. [44] found that CWI (5 min in 10 °C, 2.5 min
out of the water, 5 min in 10 °C to umbilicus) helped
maintain repeat sprint ability by a greater amount (1.56 ES)
than CWT (alternating 2 min in 10 °C, and 2 min 40 °C,
for 12 min to umbilicus) in team sport athletes when per-
formed immediately and 24 h after simulated team sport
exercise; however, fastest sprint time and maximal
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isometric leg strength was not significantly affected. Fur-
thermore, Hamlin [67] reported that neither post-exercise
CWI (alternating 1 min in 8-10 °C, and 1 min air, for
6 min) nor CWT (alternating 1 min in 8-10 °C, and 1 min
in a 38 °C shower for 6 min) accelerated recovery of repeat
sprint-test performance in developmental netballers 2 h
after high-intensity running. This could have been because
participants only spent 3 min with just their legs immersed
in water during each intervention; the stimulus may have
been insufficient to accelerate recovery. While Kinugasa
and Kilding [57] also investigated both CWI and CWT, a
comparison between their effects on performance recovery
is not appropriate as the CWI was confounded by the
inclusion of active recovery that was not included in the
CWT. The reasons for these inconsistent findings are
unclear at this stage; however, it may be related to the
differences in exercise and water immersion protocols
between studies [8, 72].

Based on the available literature, it appears likely that
CWI and CWT assist recovery of exercise performance
more than HWI and TWI, but it is unclear which technique
is most effective. It is possible that the optimal water
immersion technique and protocol for recovery of perfor-
mance may depend on the type of exercise performed [8,
72], but insufficient evidence is available to determine
whether this notion is correct.

3 Effect of Water Immersion on Training Adaptations

The water immersion recovery literature primarily exam-
ines the short-term effects on recovery of exercise perfor-
mance and physiological markers of recovery. While this
literature suggests that some water immersion techniques
may assist in acute recovery of performance in the days
following fatiguing exercise, concern exists as to whether
these techniques, in particular CWI, affect long-term
adaptation to training [43, 51, 65]. One theory suggests that
water immersion techniques could assist acute recovery,
therefore allowing athletes to perform a larger training load
(increased frequency, intensity or duration) in subsequent
sessions, in turn producing a greater stimulus for adaptation
[8, 9, 96]. Alternatively, by disrupting the mechanisms of
fatigue, recovery techniques may blunt chronic adaptations
to training [43, 51]. This ‘adaptation’ issue is important to
all athletes; although, it is likely to be of greatest impor-
tance to sports in which physical condition is the primary
influence on the outcome, and sports that only have a few
important competitions per season. In highly skilled or
team sports, the benefits of the potential for an increase in
training load, and therefore time practising skills or
developing understanding with team-mates may offset any
potential detrimental effects on physical conditioning.
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Three studies have attempted to address this issue by
examining the effect of regular CWI over 3-6 weeks of
training [43, 51, 65]. Three of the four experiments conducted
by Yamane et al. [51] found that regular CWI attenuated
training-induced improvements in cycling ability or handgrip
strength compared with control (Table 1). However, their
results should be interpreted with caution because participant
numbers were low, they were sedentary adults rather than
trained athletes and only one limb was immersed in water (the
other was the control) rather than half- to full-body immer-
sion. In addition, Higgins et al. [65] reported that regular CWI
decreased repeat sprint test performance (—0.62 ES), but had
no significant effect on 300 m sprint test performance (0.17
ES) when compared with a control condition in rugby union
players. However, there appeared to be potential for sub-
stantial human error in their test results due to visual obser-
vation of the distance covered during the repeat sprint test and
hand timing of the 300 m sprint test. Howatson et al. [43]
reported that CWI (12 min in 15 %+ 1 °C to iliac crest) per-
formed daily for 3 days following muscle-damaging exercise
neither inhibited nor promoted the repeated bout effect during
the subsequent 4 days. The current literature suggests that
CWI may attenuate adaptations to training; however, due to
the methodology employed in existing studies, further
research investigating the effects on adaptation for athletic
performance is required.

4 Future Research

Insufficient literature is available to conclusively answer
numerous questions regarding the use of water immersion
for post-exercise recovery. Future research should compare
CWI and CWT to determine the optimal water immersion
technique and examine the effects of regular post-exercise
water immersion on long-term adaptations to training. In
addition, research is needed to confirm the optimal water
temperatures, immersion durations, immersion depths,
timing post-exercise and time before subsequent exercise
for CWI, HWI, CWT and TWI. The timing post-exercise
would be of particular interest to athletes that do not have
access to pools at their training facility, or do not have time
to undertake water immersion until the end of the day or
the following morning. To our knowledge, no studies have
directly compared full-body immersion to half-body
immersion using CWI, HWI, CWT or TWI to determine
whether immersion depth influences recovery of perfor-
mance. In addition, further research is required to deter-
mine whether using showers instead of water immersion
influences the effect on subsequent exercise performance.
It should be noted that for many of these questions the
outcomes may differ depending on the mode of exercise
and the environmental conditions involved.

Questions relating to specific water immersion tech-
niques also remain unanswered. Further research is nec-
essary to determine whether post-exercise HWI influences
recovery of performance and it is unknown whether CWT
should conclude in hot or cold water. Insufficient literature
is available to conclusively determine whether TWI com-
bined with aerobic exercise accelerates recovery of exer-
cise performance. In addition, to date no studies have
examined the effect of performing TWI without concurrent
exercise on recovery of performance compared with a
control condition; therefore it is unknown whether exercise
plays a critical role in the ability of TWI to enhance
recovery of performance.

5 Practical Recommendations

This section provides practical recommendations on the
use of water immersion for recovery of athletic perfor-
mance. The recommendations are primarily based on the
literature discussed in this review. However, some topics
have not been adequately investigated in the literature;
therefore recommendations on these topics are based on
current theoretical best practices. The authors acknowledge
that further research is required to confirm these
recommendations.

5.1 Water Immersion Techniques

CWI and CWT should assist recovery of exercise perfor-
mance more than HWI and TWI when performed appro-
priately. Greater scientific and anecdotal support exists for
the use of CWI compared with CWT; however, further
direct comparisons are needed between the two techniques
to conclusively determine which is more effective. Insuf-
ficient literature is available to determine whether the use
of either CWI or CWT is more effective at accelerating
recovery from different forms of fatigue (e.g. neural fatigue
vs. muscle damage). Therefore, it is not possible to rec-
ommend a particular water immersion technique for
recovery from specific modes of exercise. Athletes with an
elevated core temperature (often caused by sustained high-
intensity exercise in hot conditions) should perform CWI
as first preference, as it is likely to cause the greatest rate of
decrease in core temperature, but CWT may be preferable
for athletes with a lower core temperature to limit further
decline. Athletes with an injury should follow medical
advice when considering the use of HWI, CWI or CWT.

5.2 Water Temperatures and Immersion Durations

The optimal temperature for CWI appears to be in the
range of 10-15 °C. When performing CWT, the same
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temperature CWI should be used in conjunction to HWI in
about 38 °C. The ideal CWI duration is likely to be in the
range of 5-15 min; however, this probably depends on the
water temperature (the lower the water temperature, the
shorter the immersion duration). The ideal CWT duration is
uncertain; although the available data suggests it is up to
15 min in total.

5.3 Water Immersion Depth and Whether to be
Activity or Passive

To our knowledge, no studies have compared the influence
of immersion depth on the effectiveness of water immer-
sion for recovery of exercise performance. Nonetheless, it
appears logical that the greater the immersion depth, the
greater the physiological effect on the body and therefore
the potential performance benefits. In addition, it is
unknown whether participants should be active or passive
during immersion.

5.4 Timing of Water Immersion Post-Exercise

It is recommended that athletes perform water immersion
techniques as soon as practical post-exercise to obtain the
greatest recovery benefits. Any recovery effects may be
reduced when water immersion is performed some hours
after exercise or the following day. Most studies that report
recovery benefits have commenced water immersion
within 30-min post-exercise.

5.5 Time to Subsequent Exercise

When selecting a water immersion recovery technique, the
time to the subsequent exercise bout should be considered
due to the cooling effects of CWI and CWT. Following
CWI and CWT, athletes should allow sufficient time for
internal body temperatures to increase so subsequent
exercise performance is not compromised. If exercise is
performed soon after (<45 min) water immersion, CWI
and CWT may decrease exercise performance, particularly
if the exercise is high-intensity or explosive in nature.
However, when exercising in a warm-to-hot environment,
pre-cooling might enhance subsequent exercise perfor-
mance and therefore be desired, principally for prolonged
exercise. In this case, athletes should perform an appro-
priate sports-specific warm-up so subsequent exercise
performance is not compromised.

5.6 Effect of Water Immersion on Training
Adaptations

The effect of water immersion on adaptation to training is
not known. If immersion does not alter adaptation
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processes, it can be used to accelerate recovery in the daily
training environment. However, if water immersion atten-
uates adaptations to training, then it should primarily be
used between competitions when limited recovery time
exists. Furthermore, if immersion impairs adaptation pro-
cesses, its use may still be beneficial for highly skilled or
team sports athletes through the potential for an increase in
skill development and teamwork.

6 Conclusions

Most of the literature investigating post-exercise water
immersion for recovery of exercise performance has
focused on CWI and CWT, with few studies examining
HWI and TWI. Based on the current literature, both CWI
and CWT can assist recovery of exercise performance
when conducted appropriately; however, it is unclear
which technique is more effective. Due to the lack of lit-
erature and contrasting findings, it is uncertain whether
HWI and TWI assist performance recovery. Future
research should aim to determine whether water immersion
techniques are more effective at assisting recovery from
some forms of fatigue than others, and should answer key
practical questions that have yet to be resolved.
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