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Abstract

This survey sought to establish current use, knowledge and perceptions of cold-water immersion (CWI) when used for recov-
ery. 111 athletes, coaches and support practitioners completed the anonymous online survey, answering questions about their
current CWI protocols, perceptions of benefits associated with CWI and knowledge of controlling mechanisms. Respondents
were largely involved in elite sport at international, national and club level, with many having used CWI previously (86%)
and finding its use beneficial for recovery (78%). Protocols differed, with the duration of immersion one aspect that failed
to align with recommendations in the scientific literature. Whilst many respondents were aware of benefits associated with
CWI, there remains some confusion. There also seems to be a gap in mechanistic knowledge, where respondents are aware
of benefits associated with CWI, but failed to identify the underlying mechanisms. This identifies the need for an improved
method of knowledge transfer between scientific and applied practice communities. Moreover, data herein emphasises the
important role of the ‘support practitioner’ as respondents in this role tended to favour CWI protocols more aligned to rec-
ommendations within the literature. With a significant number of respondents claiming they were made aware of CWI for
recovery through a colleague (43%), the importance of knowledge transfer and context being appropriately applied to data is
as important as ever. With the firm belief that CWI is useful for recovery in sport, the focus should now be on investigating
the psychophysiological interaction and correct use of this methodology.

Keywords Cryotherapy - Elite sport - Current use - Understanding - Sports science

Introduction

It is well documented that exercise can lead to decrements
in physiological function and performance. For the mod-
ern athlete, it is essential that recovery can be achieved
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quickly and optimally to ensure they are able to maintain
the required workload and/or performance across subsequent
training sessions or competitions. Without this, an imbalance
between recovery and training stress is likely to lead to non-
functional overreaching [1, 2] and consequently there now
exists a plethora of research investigating optimal and appro-
priate recovery strategies following strenuous exercise [3, 4].

Cold-water immersion (CWI) has consistently been
reported as a popular choice for recovery among professional
athletes [3, 5-7]. The use of CWI for recovery from exercise
stems from its use in athletic settings, where ice application
in the immediate treatment of acute soft-tissue injuries was
often combined with rest, compression and elevation [8, 9].
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Efficacy of CWI for post-exercise recovery has previously
been considered equivocal [10] likely due to inconsistency
in CWI protocols, with different temperatures [11-13], dura-
tions [14, 15], depths [16, 17] and even time applied after
exercise [18] being utilised in research and applied prac-
tice [19]. Meta-analyses suggest a protocol of 10-15 °C for
10-15 min [20] can effectively promote recovery. Others
have suggested a dose of 1.1 (i.e. 11 min at 10 °C) [21] is
required to significantly reduce muscle tissue temperature,
a key physiological mechanism by which CWI is purported
to influence recovery in several ways. It should be noted
that CWI is not effective simply by a reduction in muscle
tissue temperature, but is a proposed combined result of a
reduced perception of pain and soreness via decreased nerve
conduction velocity, alongside temperature- and pressure-
induced changes in blood flow, metabolism, inflammation
and skeletal tissue temperature [1, 22]. There now exists a
number of systematic reviews and meta-analyses outlining
the beneficial influence of CWI on post-exercise recovery
[23-26].

Whilst the acute recovery period is vital for restoration
of energy stores and recovery from exercise induced mus-
cle damage, it is also an important window for mediating
adaptation to the training stimulus via cell signalling and
remodelling [27]. As such, the focus of investigations has
recently turned from the efficacy of post-exercise CWI for
recovery, to how CWI might influence adaptive processes in
skeletal muscle following exercise. Indeed, work from our
laboratories and others has consistently shown post-exercise
CWI to enhance molecular responses associated with endur-
ance-based adaptations, namely mitochondrial biogenesis
and angiogenesis in skeletal muscles [1, 6-35]. In contrast,
it seems a paradox exists whereby a similar augmentation of
the molecular pathways controlling adaptation to resistance
exercise is not evident. Indeed, regular use of CWI following
resistance type exercise has been shown to dampen the mag-
nitude of anabolic signalling [36] and myofibrillar protein
synthesis [37], said to be responsible for diminished gains
in muscle strength and mass [36, 38, 39].

Alongside this research, it is vital to understand prac-
titioners’ knowledge and perception on the mechanisms
underpinning CWI-mediated recovery, as this informa-
tion enables a targeted approach towards achieving specific
recovery objectives. Such recent work, reporting a trend for
dampened gains in skeletal muscle strength and mass follow-
ing regular use of post-exercise CWI, has drawn some nega-
tive attention against this recovery modality across social
media, the press and within the literature itself [40]. It is
important that the correct context is applied to mechanistic
data so that applied practitioners understand the most appro-
priate, effective and efficient use of this (and other) recov-
ery technique(s) [41-43]. Incorrect application of scientific
data to applied practice will only augment the confusion and

@ Springer

equivocal perception of CWI’s efficacy, be it for recovery or
adaptation. The importance of knowledge transfer has previ-
ously been discussed [44]. Indeed, it was recently reported
that a low belief in the efficacy of CWI for recovery may
be because of a discordance within the associated literature
[45]. Therefore, the aim of this survey is to assess the cur-
rent perception, knowledge, and use/prescription of CWI
by athletes, coaches, and performance support practitioners.
It is hoped that the findings from this survey will allow for
discussion around where practice does and does not match
prescription as suggested in the scientific literature (i.e. peer-
reviewed articles), giving insight into these discrepancies.

Methods
Participants and study design

Perception, knowledge, and use/prescription of CWI were
assessed using an anonymous online survey (Microsoft
Forms). Respondents were recruited through direct email
(authors’ network) and globally through social media (Twit-
ter, Instagram, Linkedin, Facebook). To be eligible to partic-
ipate, individuals were required to self-identify as an athlete,
coach, or other support practitioner (e.g. medical staff, S&C,
sport science). All respondents provided informed consent
via the first question on the survey, failure to give consent
prevented any further completion of the survey. Ethical
approval for the study was granted by the University Ethics
Review Panel (reference: HEALTH 0109 UG Amendment
14Dec20) in line with the principles of the Declaration of
Helsinki. A total of 111 participants (96 males, 15 females)
gave informed consent and completed the survey.

Four subject matter experts reviewed the survey for face
validity in its various iterations, providing feedback and sug-
gesting alterations prior to ethical review and subsequent
circulation. The survey was available for online completion
for 6 weeks between the dates 22.12.2020 to 02.02.2021.
All survey responses were anonymous. Respondents pro-
vided some demographic information followed by a series
of multiple choice, Likert scale-based (strongly agree, agree,
neutral, disagree, strongly disagree) and open-ended ques-
tions. Multiple choice questions served to assess knowledge,
perception and prescription/use of CWI (when “other” was
an option, respondents had the opportunity to elaborate),
open-ended questions provided an opportunity to provide
greater detail surrounding knowledge and prescription and
were used to ask “why?” to follow up on responses to pre-
vious questions where applicable. This method of mixed
closed and open questions is beneficial as it provides a
range of data for analysis and dissemination [46] and may
provide specific information on the support athletes require
in relation to CWI. The survey comprised of a total of 36
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questions, however the number of questions each respondent
answered varied because specific questions directed partici-
pants towards different branches. The online survey was split
into three main topics as outlined below.

Demographics Initially (Q.2-7), respondents were
required to provide some demographic information, includ-
ing: their role (athlete, coach or performance support); sex
(a “prefer not to say” option was available); age group; the
number of years they had been in their current or a similar
role; the sport they are involved in and the level of competi-
tion they are involved in. Current Use/prescription of CWI
The second section (Q.8—18) featured questions designed
to gain an understanding of respondent’s current use and/
or prescription of CWI. Respondents who did not, nor ever
have used/prescribed CWI, were redirected to Q.35-36
which focused on their reasons for not using CWI and what
their preferred recovery modality is. Perception and Knowl-
edge of CWI Q.19-34 focused on respondent perception and
knowledge of CWI. This section included closed questions
(some allowed multiple responses): scale-based and open-
ended questions, allowing respondents to explain reasons
for previous responses and gave opportunity to display more
specific knowledge.

Data analysis

The current study is of a cross-sectional and descriptive
design; hence, the data are presented in a descriptive for-
mat. For “closed” questions, the frequency of categorical
responses was determined and trends within the data were
established. The responses to open-ended questions were
read multiple times by a minimum of two researchers as
this enables a comprehensive understanding of their content
and the themes within it [47]. Where applicable, one-way
chi-square (X?) goodness of fit tests were conducted to test
whether the pattern of responses differed from randomness.
Cohort analyses using two-way Chi-square tests were also
conducted to assess differences between groups. All data
were analysed using SPSS version 27 (IBM, Armonk, New
York) software with an alpha level of significance accepted
at the of p <0.05 level.

Results
Participant demographics

A total of 111 individuals participated in the study, which
was male dominated [n =96, 86%; XZ(L N=111y=99.11,
p <0.001]. Respondent age differed significantly from
randomness with the greatest response frequency in the
31-35 (n=28, 25%) and 36-40 (n=24, 22%) age groups
[X2(7, n=111)=36.39, p<0.001]. Frequency of response

from Performance Support personnel (Medical Staff, S&C,
Sport Science) (n=72, 65%) differed significantly from
athlete/player (n =28, 25%), coach (n=9, 8%) and research
(n=1,<1%), indicating that respondents were more likely
to be performance support personnel [X2(4’ n=110)= 158.55,
p <0.001]. Respondents most frequently reported having
spent 0-3 years (n=25, 23%) and > 15 years (n=22, 20%)
in their current/similar role [Xz(s, N=110)= 10.66, p=0.059].

The majority of respondents declared their role within a
sport was in soccer (association football) (n=44, 41%), with
other notable frequencies for rugby/American football (n=9,
8%), triathlon (n=9, 8%), combat sports (n=6, 5%), and
seven respondents declaring involvement in multiple sports
(6.5%) [Xz(zo’ n=107)=339.10, p<0.001] (Fig. 1a). Most par-
ticipants reported being involved in national (n =33, 30%)
and international (n=31, 28%) competition, suggesting that
58% of participants were involved in elite level sport. The
frequency of response for participant level of competition
differed significantly from randomness, participants were
more likely to be involved in international (n=31), national
(n=33) and club (n=22) than university (n=1), county
(n=4), academy (n=3) or non-competitive (n=15) sport
[X*7, No110)=92.62, p<0.001] (Fig. 1b).

Current use/prescription of CWI (Q8-18)

Of the entire sample, significantly more participants
(n=94, 86%) had used or prescribed the use of CWI for
post-exercise recovery at some point during their career
[Xz(l’ N=109)=57.28, p<0.001]. Respondents were signifi-
cantly more likely to use pool/spa (specialised CWI system)
(n=32, 34%), bath tubs (n=27, 29%) and makeshift tubs
(wheelie bin or similar) (n=23, 24%) than inflatable systems
(n=8, 9%), “cryotherapy chambers”, “chest freezer filled
with water”, “cold shower/ocean” or “none” (all n=1, 1%)
[X2(7! n=94)=106.00, p <0.001]. When asked if they attempt
to control the temperature of the water used, only 15 (16%)
replied ‘No’. Most attempted to control the water tempera-
ture with the addition of ice/cold water (without monitoring
for a particular temperature) (n=34, 36%), whilst others
added ice/cold water whilst monitoring for a particular tar-
get temperature (n=16, 17%). 29 respondents (31%) utilised
a temperature-controlled system/pump [X2(3’ N=oay=11.45,
p=0.010].

A target temperature for CWI of 9—11 °C was the most
popular (n=30, 32%), significantly more popular than other
temperature ranges [X2(93 n=93)=106.89, p<0.001] (Fig. 2a).
The next most common response was “no target tempera-
ture” (n=23, 25%), followed by 12-15 °C (n=15, 16%)
and<5 °C (n=13, 14%). Immersion depth was varied within
the sample: 33% (n=31) reported using “whole body (i.e.
head out)” immersion, while 43% (n=40) immersed waist
deep only; 24% (n=23) did not control for immersion depth

@ Springer
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[Xz(z, N=o4y=4.62, p=0.099] (Fig. 2¢). A single-immersion
protocol was favoured (n=69, 75%) over a two immersion
period separated by a short break (n=18, 20%) or varied
(n=5, 5%) protocol [Xz(z, N=92)= 74.63, p<0.001], with the
highest number of responses indicating a cumulative immer-
sion time per CWI session of 2.5-5 min (n=30, 32%); fol-
lowed by 7.5-10 min (n=22, 24%) and 5-7.5 min (n=19,
20%) and 10-12.5 min (n=10, 11%) (Xz(ﬁs N=93)=50.84,

@ Springer

Level of competition

p<0.001) (Fig. 2b). The time at which CWI was first
completed following competition/training tended to be
15-30 min (n=42, 46%) or 0-15 min (n=26, 28%)
(XZ(S, N=92)=161.96, p <0.001) (Fig. 2d). Other responses
included 45-60 min (n=9, 10%), 30-45 min (n=8, 9%),
24 h or “it depends” (n=2, 2% each) with 3 h, 1 h and
“0-30 min” reporting one count each.
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Perceptions of CWI (Q.19-26)

The majority of participants (n =79, 85%) reported
having a positive perception of CWI, with only 2 (2%)
expressing a negative perception; 12 (13%) responded
with “don’t know” regarding their perception of CWI
[Xz(z, n=o3)=113.10, p <0.001] (Fig. 3a). Of the respond-
ents who reported having a positive perception of CWI,
72 provided details as to why. Their responses varied
in detail; however, some themes were apparent in the
responses. The most common was that players/athletes
felt “fresher/refreshed” following CWI. Another common
theme was that of enhanced recovery with several respond-
ents mentioning improved time to recovery, a heightened
sense of recovery and reduced sensations of DOMS and
inflammation. A less common theme within the responses
was that of psychological effects of CWI, participants
mentioned: “feel good factor”; “psychological benefit for
majority of athletes”; “mind-body connection”. A final

that included an explanation like ‘depends’. d Time at which CWI
is completed following exercise, “other” is inclusive of 3 h, 1 h and
0-30 min reporting onecount each

theme, presumably from coaches and performance support
practitioners, was that of receiving positive feedback from
players/athletes on CWI, e.g. “best feedback”, “players get
immediately relieved from fatigue”, “based on players’
positive feedback and short recovery duration”, “positive
feedback from players”, “most players ask for it”. The two
participants who reported a negative perception of CWI
gave the following justifications: “Benefits muscles, par-
ticularly quads and hamstrings but found tightens Achil-
les”; and “Research, experience”.

When asked “can CWI help in the prevention and treat-
ment of injury?”, response frequency differed significantly
from randomness [X2(4, n=o2)= 11.15, p=0.025] (Fig. 3b).
The most frequent response was “helps with the prevention
and treatment of injury” (n=25, 27%). Other responses
included “helps with the treatment but not prevention of
injuries” (n=22, 24%) and “don’t know” (n=22, 24%) and
“helps with the prevention but not treatment of injuries”
(n="7, 8%). Sixteen participants (17%) had the perception

@ Springer
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a Table 1 Number and relative percentage of answers from respondents
100+ when asked about the benefits CWI provides
€ 807 Possible benefit of CWI Selected by  Selected by
@ respondents  respondents
60+ (n) (%)
2
S 40+
§ Reduced post-exercise inflammation 70 76
& 20 Reduced sensation of DOMS 68 74
0 T I - I Reduced sensation of pain 68 74
Positive Negative Don't know Psychologically beneficial 63 68
b Perception of CWI Improved recovery time/return to play 60 65
30+ Enhanced subsequent training/com- 41 45
petitive performance
% 20 Reduced post-exercise tissue damage 40 43
T
§ Respondents could select multiple answers. n=92 as some chose not
2 4o to answer
7]
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0= o o T T 1 CWI enhanced subsequent performance, with the remain-
%? g’é %? § = ing respondents stating they believed it “depends” (n=1,
g2 8 g 82 § 1%), it could temporarily (n=5, 5%) or did not enhance
Q o 2 Q
%é Egé %% subsequent performance (n=8, 9%) [Xz(s, N=92)=52.52,
Ig g s p<0.001]. Respondents were significantly more likely to
- [} . ., .
2 < believe that most athletes/players/coaches/practitioners
Can CWI help in the prevention and treatment of injury? were aware of CWI and its associated benefits (n=49, 53%)
c [X2(3’ N=92)=136.44, p <0.001] with others either disagreeing
(n=13, 14%) or remaining neutral (n =230, 33%). Respond-
80+

[o2]
o
1
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o o
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[ 1

T
Don't know

o
L

l T
Yes No

Does CWI enhance recovery following exercise?

Fig.3 Overall perception of CWI (a) for the prevention and treatment
of injuries (b) and for enhancement of recovery following exercise (c)

that CWI could not help with the prevention and/or treat-
ment of injury.

The significant majority (n=71, 78%) of participants
thought that CWI enhanced recovery post-exercise, 14%
(n=13) said they “don’t know” and 8% (n=7) reported
that they found no enhanced recovery following CWI
[X? (5. N=o1,=82.37, p<0.001] (Fig. 3c). With regard to
CWI being able to enhance performance following recov-
ery, participants who responded “yes” (CWI does enhance
performance following recovery) had the highest response
rate (n=33, 36%), followed by “decrease in performance
immediately post-CWI but improved performance several
hours later or on subsequent days” (n=26, 28%). Nineteen
respondents (21%) stated that they did not know whether

@ Springer

ents reported first becoming aware of the benefits of CWI
through “scientific literature” (n =46, 50%) and “fellow ath-
lete/coach/practitioner” (n =40, 43%).

Knowledge of CWI associated benefits
and mechanisms (Q.27-30)

When assessing respondents understanding of the benefits
associated with CWI, Question 27 asked participants what
the benefits of CWI included, providing the opportunity to
select all answers that they felt applied. Several participants
(n=19) left this question blank. The remaining participants
displayed varied perceptions on the benefits of CWI; the
majority expressed the belief that CWI reduced inflam-
mation (76%) reduced pain sensations (74%), and reduced
sensations of DOMS (74%). Respondents also reported psy-
chological benefits (68%) and enhanced recovery time/return
to play (65%) (Table 1). Question 28 asked participants to
identify the physiological mechanisms behind CWI and the
benefits it provides. Multiple answers were permitted with
frequencies of choices identified in Table 2. More than 50%
of respondents selected constriction of blood vessels, altera-
tions in blood flow, and reductions in core, skin and muscle
temperature alongside alterations in inflammatory biomark-
ers, as a mechanisms of CWI action.

If CWI is applied following strength/speed/power train-
ing, 19 (21%) of respondents agree or strongly agree that
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Table 2 Number and relative percentage of answers from respondents
when asked about the physiological mechanisms said to be responsi-
ble for the benefits associated with CWI

Possible mechanisms of action Selected by Selected by
respondents respondents
() (%)
Constriction of blood vessels 60 67
Increased/decreased blood flow 59 66
Reduction in core body temp 55 61
Reduction in muscle temp 53 59
Reduction in skin temp 49 54
Alterations in inflammatory biomark- 48 53
ers
Decreased pain receptor activation 44 49
Increased hormone response 28 31
Increased central blood volume 22 24
Alterations in genetic pathways con- 19 21
trolling muscle adaptation
Reduction in nerve speed 15 17
Osmotic gradients 15 17

Respondents could select multiple answers. n=90 as some chose not
to answer

CWI would enhance adaptations to the training stimulus,
while 44 (47%) disagreed or strongly disagreed and 29
(32%) had a neutral opinion [X2(4, N=92)=22.78, p<0.001]
(Fig. 4a). Conversely, when asked if CWI enhanced adap-
tation to the training stimulus following endurance/high
intensity intermittent training, the results again differed sig-
nificantly from randomness [X2(4’ N=92)=23.33, p<0.001]
(Fig. 4b), displaying the opposite trend: 50% (n=46)
strongly agreed or agreed, 26% (n=24) disagreed or strongly
disagreed, with 24% (n=22) of participants reported not
knowing.

Recommendations Q.31-36

When respondents were asked when they would recom-
mend the use of CWI for recovery more opted for “in-sea-
son” (n=48) over “pre-season” (n=20) and “immediately
post-competition” (n =52) over “immediately post-training”
(n=31). Respondents also highlighted that they would rec-
ommend CWI be used “after some competitions” (n=35)
more than “after all competitions” (n=15), suggesting a
periodised and tailored use. When asked when they thought
CWI should be avoided the most popular answers were
“immediately prior to competition” (n=22) and “pre-sea-
son” (n=15).

Questions 33 and 34 asked participants “For whom is
CWI suitable?” and then asked for explanation of their pre-
vious answer. Several themes were identified in the expla-
nation’s respondents provided. Several stated that CWI

a
40—
g 30+
2]
@
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CWI enhances adaptations following endurance training

Fig.4 Participants opinion on CWI enhancing adaptations to strength
(a) and endurance (b) training

was suitable for all athletes; some provided greater clar-
ity with the addition of words to the effect of “dependent
on training/competition schedule” or “under appropriate
circumstances”. Others identified a need to carefully plan
when to utilise CWI with strength/speed/power athletes
“so as not to negatively impact adaptation to training”.
Many participants felt that there were clear benefits of
CWI on endurance performance, but more information was
required on its appropriate use for strength/speed/power.

Reasons for not using CWI

A total of 15 respondents reported not using CWI. When
asked what their preferred method of recovery was, the
most popular response was “massage” (n=5, 33%), fol-
lowed by “hot-water therapy” (n=3, 20%). After being
asked for their reasons for not using CWI, 47% (n=17)
reported not having access to facilities as the main reason
whilst 20% (n=3) reported not knowing CWI could be
utilised for recovery.
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Cohort analysis
Inter-role analysis

The likelihood of respondents using or advocating the use
of CWI currently or at any point previously did not differ
between roles [X2(4, n=109)=1.58, p=0.81]. For questions
seeking to determine current uses of CWI, when opting to
control for a certain temperature of CWI significant dif-
ferences existed between participants in different roles
[Xz(lzy N=93)=29.36, p=0.003], with the majority of per-
formance support practitioners (n =25, 40%) utilising a
temperature-controlled system/pump, with athletes (n=11,
50%) and coaches (n=4, 57%) more likely to use the addi-
tion of ice and cold water without monitoring for a certain
temperature. Performance support practitioners were most
likely to desire a water temperature of 9-11 °C (n=26,
43%), athletes/players were most likely to report having no
target temperature (n =11, 50%), whilst coaches were most
likely to report a target temperature of <5 °C (n=3, 43%) or
have no target temperature (n=2, 29%) [X2(36’ N=g92)= 162.35,
p=0.004]. Total immersion time per CWI session differed
significantly based on respondent role [X2(24! N=92)=37.55,
p=0.039]. Performance support practitioners most fre-
quently reported an ideal total immersion time of 7.5-10 min
(N=17,27%), with 2.5-5 min (n=15, 24%) and 5-7.5 min
(n=16, 26%) also popular choices. The most frequent
immersion duration among athletes/players (n=11, 50%)
and coaches (n=3, 50%) was shorter, at 2.5-5 min. No dif-
ferences were noted between the different roles for depth
of immersion, number of immersions used and time until
immersion after exercise (p > 0.05).

When asked if CWI enhanced subsequent performance
following recovery, response frequency differed significantly
between respondent roles [Xz(zo’ n=o1y=108.13, p<0.001].
Performance support practitioners were most likely to
respond “yes” (n=22, 36%) or “decrease performance
immediately post-CWI but increased performance several
hours later or on subsequent days” (n=21, 34%). Athletes/
players most frequently responded “don’t know” (n=8, 38%)
or ‘Yes’ (n=7, 33%), with coaches most frequently respond-
ing ‘yes’ (n=3, 43%). No differences were noted between
the different roles for perception of CWI for recovery, if it is
useful for the prevention/treatment of injury, or if it enhances
performance (p > 0.05).

Inter-sport and experience analysis

Participants from all sports were equally likely to use/advo-
cate the use of CWI, with chi-square cross tabulation of sport
and CWI advocation/use insignificant [XZ(ZO, N=107) = 24.04,
p=0.241]. The most commonly used method of CWI
[X2(140’ N=92)=245.91, p<0.001], choice to control for
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temperature or not [X2(603 N=92)=91.57, p=0.005], and tar-
get temperature of CWI [Xz(lgo’ N=91)=246.27, p=0.001],
differed significantly between sports.

Analysis by level of competition

A significant difference was identified between the level of
competition a participant was involved in and their likelihood
of using/advocating the use of CWI [X2(7’ N=110)= 15.26,
p=0.033]. CWI use tended to be more frequent in elite
level of competition (i.e. international 97%, national 88%,
non-competitive 67%). The controlling of CWI temperature
[Xz(l& N=o4)=32.66, p=0.018] and target immersion tem-
perature [X* (s, y—o3 =80.75, p=0.011] differed significantly
between levels of competition. The most popular target
temperature was 9—11 °C (international, national, academy
level) or no target temperature (county, club, university and
non-competitive), suggesting more elite level sports adopt
greater control over their recovery practices. Responses to
the question “do you find CWI enhances performance fol-
lowing recovery?” differed significantly between level of
competition groups [X2(3o, N=92)=133.30, p=0.006]. The
most frequent response for those involved in international
level competition was “decrease performance immediately
post-CWI, but increased performance several hours later
or on subsequent days” (n=12, 40%); while those in the
national group were more likely to respond “yes” (n=11,
38%), the most common response from the non-competitive
group was “don’t know” (n=35, 56%).

Discussion

This survey assessed the current perception, knowledge,
and use/prescription of CWI by athletes, coaches and per-
formance support practitioners. A key finding is that sup-
port practitioners tend to be led by scientific data in their
approach to recovery. Furthermore, whilst many are aware
of potential benefits of CWI for recovery, few can recall
the controlling mechanisms at play highlighting a gap in
knowledge transfer between scientific and applied practice
communities. This is the first recovery focussed survey of
its kind to include cohort analysis that can be used to high-
light differences in perception, knowledge and use of CWI
between athletes, coaches, and support practitioners.

Current use of CWI

Recent works have attempted to identify the most effective
protocol and have suggested 10-15 min at 10-15 °C [20] or
adose of 1.1 (i.e. 11 min at 10 °C) [21] as most appropri-
ate. Almost half (48%) of respondents reported that they
attempt to monitor for a specific target temperature of water
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during immersion, with 48% opting for a target temperature
between 9 and 15 °C. Importantly, this temperature range
sits within the recommended temperatures and has further
been shown to be effective for post-exercise recovery [48].
However, it remains that more than half of respondents
failed to use a temperature within the recommended range.
Moreover, only 14% of respondents selected an immersion
duration within the suggested range of 10—15 min. The most
popular immersion duration noted was 2.5-5 min (32%) and
7.5-10 min (24%). This suggests that whilst almost half of
respondents are utilising an appropriate water tempera-
ture, the duration of immersion is often not long enough
and is perhaps being overlooked. This raises the question
of whether an appropriate dose of cold stimulus is being
applied in practice. Ultimately short durations will be unable
to illicit sufficient reductions to either core or muscle tem-
peratures and have any subsequent impact on physiological
mechanisms. One example here is fluid shifts as a result
of changes in hydrostatic pressure, which have been shown
to require an immersion of at least 10 min duration [49].
It should further be noted that the second most frequently
reported target temperature was “no target temperature”,
suggesting many respondents may be unaware an optimal
CWI temperature exists or actively choose not to control the
temperature of the water, thus further influencing the dose
and impact of the cold stimulus applied. Indeed, the dose of
the cold stimulus has been suggested vital to the responses
seen and the efficacy of cooling upon post-exercise recovery.
For instance, the magnitude of the increase in sympathetic
discharge to skeletal muscle, important in many physiologi-
cal alterations following CWI, is influenced by not only
the size of the tissue area exposed to cooling [50] but the
magnitude (or dose) of the cooling stimulus [51]. As the
mechanisms of action of CWI are thought to somewhat be
derived from a reduction in tissue temperature it is sensi-
ble to suggest that water temperature should be adequate to
reduce tissue temperature in a time frame no longer than the
duration of immersion, highlighting a need to recognise that
an appropriate immersion duration may be just as important
as the temperature of the water itself.

Other determinants of the CWI protocol are immersion
depth and the time at which immersion is completed fol-
lowing the cessation of exercise. Within the current survey,
43% of respondents reported they utilise an immersion depth
of waist height, with a further 33% opting for whole body
immersion. The importance of immersion depth towards
the CWI protocol lies in the belief that the effectiveness of
CW1 is related to not only temperature, but pressure related
changes in blood flow and muscle temperature [52, 53].
Therefore, a greater immersion depth might be successful
by way of greater hydrostatic pressures. Indeed, recent work
from Chauvineau et al. [16] suggests whole body immer-
sion (including head immersion) might benefit recovery

through improved sleep architecture, reducing arousal and
limb movements through the first part of the night. However,
no difference was noted between whole and partial body
CWI for markers of fatigue and muscle damage. Similarly,
Leeder et al. [17] suggests the depth of immersion has little
influence on recovery, with no noted differences between
seated vs. standing CWI. In contrast, the time at which CWI
is applied following the cessation of exercise might play an
important role in its effectiveness. Brophy-Williams et al.
[18] noted that immediate CWI showed superior recovery of
performance when compared with delayed CWI (3 h post-
exercise). Seventy four percent of respondents within the
current survey declared CWI was completed within 30 min
post-exercise, showing good agreement between applied
practice and scientific literature.

Ultimately, results from the present survey suggest cur-
rent use of CWI in an applied setting shows good agreement
with the scientific literature for CWI temperature, depth, and
timing. However, more effort needs to be made in empha-
sising the importance of the duration of the CWI protocol.
Whilst durations that are too long are not advisable due to
the potential for augmenting the post-exercise inflammatory
response [15], the duration should be aligned with the water
temperature to elicit a sufficient reduction in temperature and
subsequent physiological alterations beneficial for recovery.
Moreover, people are often unaware of the post-immersion
drop in muscle tissue temperature that arises if the legs
remain wet [52]. Vromans et al. [27] suggestion of a dose of
1.1 (i.e. 11 min at 10 °C) seems a suitable recommendation.

Current perceptions of CWI

Overall, the current perception of CWI from athletes,
coaches and support practitioners is largely positive. Sev-
enty-eight percent of respondents believe CWI improves
recovery. However, whilst other recovery methods, such as
massage, have been shown to have a positive psychophysi-
ological mechanism influencing the perception of recovery
[54], few investigations have looked at a similar response fol-
lowing CWI [55]. Broatch et al. [56] showed that a recovery
placebo in the form of a pH neutral soap, suggested to par-
ticipants to enhance recovery, stimulated a similar response
to that of CWI, highlighting the importance of belief in the
recovery method being undertaken. Results herein support
this conclusion with respondents reporting additional ben-
efits of CWI including “feeling good”, “positive feedback
from the end-user” and “a positive psychological benefit”,
emphasising the power of athlete wellness and subjective
measurements. Indeed, this supports anecdotal reports from
applied practice that “if they think it works, we use it” and
poses the question as to why certain recovery strategies are
preferred and how much the end user really knows about the
associated physiological benefits.
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Interestingly, roughly half (53%) of respondents believe
most athletes, coaches and support practitioners are aware
of the benefits associated with CWI, which, considering the
volume of research surrounding this topic and the strong
positive opinion from respondents herein, is somewhat sur-
prising. Awareness of benefits seems to be led by scientific
literature (50%). This point alone emphasises the importance
of unbiased context being applied to mechanistic data in pub-
lished writings. If the incorrect context or message is being
portrayed in the literature this has a significant influence
upon the application of certain methodologies, be it posi-
tive or negative. Moreover, a large proportion of respond-
ents were made aware of CWI from colleagues (43%) and
therefore if the wrong message is portrayed in the literature,
it is likely that this may be passed on via colleagues. This
could perhaps explain the confusion and discordance noted
between applied practice and scientific literature. With this
level of peer-to-peer education future work should look to
regularly establish and recognise appropriate methodologies
and protocols whilst outlining the mechanisms responsible
for physiological changes resulting in effective recovery.
Future work should also look to establish the best method
of knowledge transfer between scientific and applied practice
communities.

Current knowledge of benefits and associated
physiological mechanisms

The benefits and mechanisms of CWI have been described
previously [1, 57]. In the current survey, athletes, coaches,
and support practitioners reported the top benefits they asso-
ciate with CWI are a reduction in post-exercise inflammation
and a reduced sensation of pain and delayed onset muscle
soreness (DOMS). CWI has long been reported effective
for reducing perceived pain and muscle soreness, with par-
ticular efficacy alleviating symptoms of DOMS at 24, 48,
72 and 96 h post-exercise [25]. However, one area with
decisively more disagreement is the impact of post-exercise
CWI on the ensuing inflammatory response. The idea that
post-exercise cooling, through tissue temperature reduc-
tions and muscle blood flow alterations, can reduce the rate
of inflammation in the exercised/damaged tissues has been
long-standing [58]. Belief stems from positive reductions
in secondary cell injury and/or reducing inflammation fol-
lowing injury in animal models [59]. However, whilst some
research shows post-exercise CWI might positively influ-
ence some markers of inflammation post-exercise [60, 61],
there remains a substantial contrasting volume of research
showing a neutral effect, whereby CWI has no influence in
moderating the post-exercise inflammatory response [15,
62—66]. This is supported further by cellular and molecular
investigations [58]. Considering this, it seems respondents
herein are led by older, animal-model-informed suggestions
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that CWI is beneficial for inflammation, whilst more recent
neutral data in humans are perhaps either unknown, ignored
or poorly translated into practice. This again highlights a
struggle in the transfer of knowledge to practice.

Interestingly a “psychological benefit” scored higher than
“improved recovery time/return play”. This suggests that
many athletes, coaches, and support practitioners believe
enhanced wellness could also contribute to a speedy return
to play. Indeed, it is common procedure in many professional
sports to assess daily subjective wellness, with CWI previ-
ously reported to improve athlete wellness scores [67]. With
respondents in the current survey suggesting CWI is used for
psychological benefits to a greater extent than return to play
future work should look to address the discord in the volume
of research between these associated benefits, with more
work required to address the psychophysiological influence
of post-exercise CWI.

A primary aim of this survey was to establish athlete,
coach, and support practitioner knowledge of the physi-
ological mechanisms responsible for producing the associ-
ated benefits of post-exercise CWI. Whilst the benefits are
critically important for decision making, the mechanisms
responsible might support such decisions by answering
the ‘how’ and ‘why’. Such an approach might be useful for
improving coach and athlete acceptance of the technique.
Table 2 highlights available options when asked about physi-
ological mechanisms associated with perceived benefits of
CWI. Importantly, all possible mechanistic answers have at
some point been shown to be responsible for at least one
benefit associated with CWI. This question allowed assess-
ment of the direct translation of knowledge into practice.
The most reported mechanisms associated with benefits of
CWI were cardiovascular alterations in blood flow and con-
striction of blood vessels. To date, a significant amount of
work has demonstrated reduced limb blood flow, or reduced
blood volume, across the exercised muscle following CWI
[47, 53-70]. However, more recent data [71] employing
positron emission tomography (PET) with an oxygen-15-la-
belled water radiotracer (['>O]H,0) suggests that application
of noxious water temperatures (<8 °C) may actually result
in less pronounced reductions in muscle perfusion compared
with less noxious (15 °C) immersion (under resting condi-
tions). While this may at first seem paradoxical, it can be
attributed to increased muscle perfusion in deeper lying tis-
sue in colder water, speculated due to the presence of shiver-
ing thermogenesis. In this context, the application of CWI
to decrease muscle blood flow appears more in alignment
with the responses from support practitioners, as opposed
to coaches, who predominantly select colder temperatures
(<5 °C) over shorter durations (2.5-5 min).

Interestingly, decreased activation of pain receptors
(49%) and a reduction in nerve speed (17%) showed a
lower response than cardiovascular and temperature-based
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mechanisms. This is despite the analgesic effect of cool-
ing representing a key mechanism by which CWI was
reported to have positive effects on post-exercise recov-
ery. Herrera and colleagues [72, 73] showed cooling
reduces neural conductance velocity (or a reduction in
nerve speed) in both sensory and motor neurons, with
sensory neurons influenced by more modest changes
in temperature, suggesting an analgesic benefit occurs
before cooling can impair contraction kinetics. Addition-
ally, analgesic effects of CWI may directly reduce the
sensation of DOMS through TRPM8-mediated mecha-
nisms [1], cold activated receptors that mediate analgesia
through inhibitory inputs to nociceptors (pain receptors).
Clearly the notion that CWI promotes analgesic benefits
is well-established, stemming from a popularity in thera-
peutic rehabilitation settings for the treatment of acute
soft-tissue injuries [9]. Even within the current survey a
reduction of soreness (DOMS) and pain were two of the
top three reported benefits of CWI. However, athletes,
coaches and support practitioners seem to be less aware of
the mechanisms controlling the analgesic response. Ulti-
mately, this could suggest an emphasis should be placed
on the mechanism responsible for associated benefits
when translating research into practice. Improved meth-
ods of knowledge transfer should be investigated to best
apply the scientific knowledge into real-world situations.

One recent discussion of interest in post-exercise CWI,
and perhaps one of significant debate, is the influence the
cold stimulus might have on subsequent muscular adapta-
tions to the training stimulus. A paradox exists whereby
CWI may augment molecular signals for enhanced endur-
ance type adaptations, such as mitochondrial biogenesis
and angiogenesis [41, 42], whilst contrastingly CWI has
been shown to blunt resistance based adaptive signals
leading to a dampened gain in mass and strength [36, 37].
We have spoken previously of the importance for context
when applying such results in professional practice, par-
ticularly where the athlete, environment, situation, train-
ing, and competition cycle can vary considerably [41,
42]. Readers are directed to several reviews assessing
this paradox [42, 74, 75]. Sixty-nine percent of respond-
ents disagreed that CWI enhanced strength adaptation,
showing good agreement with the scientific literature. In
contrast, only 50% agreed that CWI can enhance endur-
ance adaptations. It is unknown whether the difference
in opinions is due to the reported negative associations
of CWI with strength adaptation highlighted in the lit-
erature, press and social media, or if it is because of the
lack of change seen in functional proteins in endurance
phenotypic pathways [42]. Either way it seems a more
efficient method of knowledge transfer is again required.

Cohort analysis

The current survey also aimed to assess differences in
answers between cohorts so any potential gaps in knowl-
edge could be identified. The most common method of CWI
(i.e. “choice to control for temperature” and “target water
temperature”) differed between sports, highlighting discord-
ance previously reported [45]. Interestingly, the experience
of the respondents showed no bearings over their choice
of methods, opinion on CWI for recovery or knowledge
of benefit and mechanisms. The level of competition did,
however, have some bearing on choices and opinions. CWI
was more frequently used in higher levels of competition,
with these higher levels also tending to control for a target
water temperature. The current survey did not assess reasons
as to why these differences are apparent, however it could
be speculated that higher levels of competition have greater
access to funding and therefore better systems to implement
CWI modalities and control the target temperature.
Alternatively, this data could offer evidence to empha-
sise the importance of support practitioners implementing
research informed practice in an elite setting, as it is likely
that higher levels of competition employ greater numbers
of support personnel. This is supported by the fact that per-
formance support practitioners were most likely to utilise
methodologies that agree with recommendations in current
literature, whereas coaches and athletes’ choices were not
so aligned. For example, most support practitioners opted
for a temperature-controlled system, set to 9—11 °C, for a
duration between 5 and 10 min. All choices that are within,
or close to, suggested parameters in peer reviewed research.
However, athletes and coaches were more likely to use
simpler systems such as cold water and the addition of ice,
without monitoring for a target temperature. Additionally,
whilst athletes most likely opted for no target temperature
of CWI, coaches tended to go for a much colder temperature
(<5 °C), and in terms of the duration of CWI athletes and
coaches also opted for a much shorter duration (2.5-5 min).
Therefore, it could be suggested that support practitioners
are likely guided in their approach by scientific literature,
whereas the same cannot be said for athletes and coaches.

Conclusion

One thing that is apparent from the current survey is that
there exists somewhat of an inefficiency in knowledge trans-
fer between those completing scientific research and those
using the methodology in practice. Whilst the importance
of support practitioners is emphasised by the use of meth-
odologies recommended within the scientific literature,
the same cannot be said for athletes and coaches. This in
no way devalues the role of the coach or the athlete, only
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serving to highlight the benefits a support practitioner can
bring to a multi-dimensional team. It is suggested future
work looks to assess this gap in knowledge, or funnel in
knowledge transfer, and works to improve the transfer of
scientific results, within context, to coaches and athletes.
Whether the improvements required in knowledge transfer
is the role of the support practitioner or scientific commu-
nity remains to be seen; however, it is clear that a greater
understanding of the benefits, mechanisms and associated
adaptations might assist towards the correct methodological
use of CWI. Indeed, this is vital if the discord and ambigu-
ity surrounding CWI is to be removed and the correct and
efficient use of CWI for recovery is to continue.

In addition, one point that perhaps does not receive
enough attention from the scientific community is the
psychophysiological relationship that exists for CWI as a
method of recovery. Whilst anecdotal reports, and answers
within this survey, highlight that CWI allows the sensation
of “feeling fresher”, a “heightened sense of recovery”, the
“feel good factor” and a “mind-body connection”, future
work should look to establish the psychological influence
CWI can have upon an athletes’ recovery. In a setting where
small improvements may lead to significant results, perhaps
the subjective opinion, or even placebo effect, might play
an important role.
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