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Abstract

Background: A variety of recovery strategies are used by athletes, although there is currently no research that
investigates perceptions and usage of recovery by different competition levels of team sport athletes.

Methods: The recovery techniques used by team sport athletes of different competition levels was investigated by
survey. Specifically this study investigated if, when, why and how the following recovery strategies were used:
active land-based recovery (ALB), active water-based recovery (AWB), stretching (STR), cold water immersion (CWI)
and contrast water therapy (CWT).

Results: Three hundred and thirty-one athletes were surveyed. Fifty-seven percent were found to utilise one or
more recovery strategies. Stretching was rated the most effective recovery strategy (4.4/5) with ALB considered the
least effective by its users (3.6/5). The water immersion strategies were considered effective/ineffective mainly due
to psychological reasons; in contrast STR and ALB were considered to be effective/ineffective mainly due to
physical reasons.

Conclusions: This study demonstrates that athletes may not be aware of the specific effects that a recovery
strategy has upon their physical recovery and thus athlete and coach recovery education is encouraged. This study
also provides new information on the prevalence of different recovery strategies and contextual information that
may be useful to inform best practice among coaches and athletes.
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Background
There are many post-exercise recovery options currently
available for athletes. Some of these include water
immersion, stretching (STR), walking and/or jogging,
swimming or pool walking, massage, sleeping/napping
and fluid/food replacement [1–3]. Although it is gener-
ally accepted that many athletes undertake post-exercise
recovery, to the authors’ knowledge there is currently no
research available to describe which recovery strategies
are used by Australian-based athletes across a range of
team sports and competition levels. It is also unclear
why athletes partake in recovery strategies and if they
believe they are effective or ineffective.

Hydration, nutrition and sleep have been reported in
the literature as important components of the recovery
process [4, 5]. Although used often, further research is
required to confirm the effectiveness of STR, active re-
covery, cold water immersion (CWI) and contrast water
therapy (CWT) due to conflicting results reported across
randomised controlled trials [6–8] and systematic
reviews [1, 9–11].
A survey undertaken by elite South African team sport

athletes reported sleep, fluid replacement and socialising
with friends as the most popular recovery strategies
undertaken [12]. In contrast, STR and CWI were found
to be most used by elite South African rugby players
(83%), followed by active recovery (74%), with CWI
rated most effective [13]. Seventy-nine per cent of sur-
veyed elite New Zealand athletes reported the use of
CWT [2]. Interviews with coaches from a state academy
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of sport in Australia indicated that accessibility and
practicality of recovery methods influenced their imple-
mentation of different recovery strategies, with the most
popular recovery strategies being nutrition, STR, active
recovery and CWT [14]. Coaches implemented recovery
strategies that they perceived as being effective based on
their own past experiences, observations and instinct ra-
ther than scientific evidence [14]. Practitioners with
French professional soccer teams reported a high preva-
lence of CWT and CWI use (88% of teams) with active
recovery, massage, STR, compression and electrical
stimulation used to a lesser extent [4]. Moreno and col-
leagues [15] found that an individualistic approach to
player recovery is required, after Spanish professional
basketball players were found to use varying recovery
strategies and have different perceptions of them.
These studies provide an insight into the recovery

methods used by elite team sport athletes in a limited
number of countries, but do not capture sub-elite levels
of sports participation and athlete perceptions and rea-
sons for usage of recovery. Furthermore, although
Australian coaches’ views on recovery have been re-
ported there appears to be no investigation into the use
of recovery strategies by Australian athletes. In response
to the widespread use of land and pool-based recovery
strategies, yet current uncertainty regarding their effect-
iveness and reasons for use, this study employed a sur-
vey to investigate the recovery techniques used by team
sport athletes across various levels of competition (local
to international), and who mostly reside in regional
Australia. The survey will report if/when, why and how
the following five recovery strategies are used: active
land-based recovery (ALB), active water-based recovery
(AWB), STR, CWI and CWT. This study will also com-
pare the reported reasons for use with available scientific
evidence of recovery mechanisms. It is hypothesised that
most athletes use recovery, with stretching likely the
most popular choice by all levels of athlete, due to its ac-
cessibility and because athletes can perform stretching
together as a team. It is also hypothesised that CWI and
CWT will be considered the most beneficial recovery
strategies, due to the high use of these recovery strat-
egies by elite athletes portrayed in the media.

Methods
To determine the popularity of specific recovery strat-
egies and their reasons for use a survey was deployed
that consisted of questions requiring a combination of
checkbox, Likert scale and open ended, free text re-
sponses. A survey was deployed as it was accessible by a
large number of people from different sports. The survey
design was based on a combination of previously pub-
lished surveys on recovery strategies [2, 3, 14]. The

survey was available for completion in print, comprised
of seven sections, and took approximately 20 min to
complete.
Coaches/administrators from a convenience sample of

59 sporting teams/organisations within the northern re-
gion of Queensland, Australia were contacted via email
or phone to provide consent for their team members to
participate in the study. Organisation email addresses
and phone numbers were obtained via internet searching
or by personal contacts. Competitors from a range of
team sports (Fig. 1) across a variety of senior competition
levels (excluding social competition) from five cities/towns
provided individual consent and completed the survey
after a game or training session over a 14 month period
between September 2013 and November 2014 (Fig. 1).
Players from a metropolitan, capital city basketball college
also participated following a snowball invitation by a
coach from the survey sampling area. Ethics approval was
granted by the Human Ethics Committee James Cook
University, Australia and the rights of the participant were
protected.
The first section of the survey consisted of demo-

graphic information. Participants nominated the major
sport that they played and the competition months for
that sport, the highest level of competition in which they
currently engaged for that sport, the weekly frequency
and duration of competition and training, and their age
and gender. The second section investigated the recov-
ery strategies employed by the participants. Participants
were asked to answer either ‘yes’ or ‘no’ separately to
whether they performed a recovery strategy after compe-
tition, and/or after pre-season training and/or after in-
season training. Participants who did not partake in
recovery were invited to explain in free text why they
did not, and this concluded their survey participation.
Conversely, if participants answered ‘yes’ to any of the
three questions about recovery strategy use, they were
then invited to select from a predetermined list, [2, 3]
the recovery methods that they use after competition,
pre-season and/or in-season training; and then in free
text to nominate which recovery method they believed
to be the most effective. The list of recoveries included;
active-land based (ALB), active pool-based (AWB), ac-
tive stretching cool down (STR), cold/ice bath/shower
(CWI), contrast bath/shower (CWT), massage, sleep/
nap, food and/or fluid replacement, ice pack/vest appli-
cation, heat pack application, liniment or gel application,
progressive muscle relaxation or imagery, prayer or
music, reflexology or acupuncture, supplement use,
medication use and other (participants were asked to
specify).
A number of recovery strategies such as food, sleep

and hydration may be considered to be lifestyle choices
that athletes partake post-game/training, but may not be

Crowther et al. BMC Sports Science, Medicine and Rehabilitation  (2017) 9:6 Page 2 of 10



deliberate choices to undertake a specific recovery strat-
egy. In contrast, water immersion recoveries and ACT
are recovery choices undertaken with the purpose of re-
covery, and are choices that can be partaken in as a team
and hence were selected to be investigated further. Thus,
sections 3-7 of the survey investigated the use of ALB,
AWB, STR, CWI and CWT recovery strategies, with
one section allocated to each strategy. These strategies
were selected based on published research methodolo-
gies [2, 3] and the strategies commonly used by
Australian sporting teams [1, 14]. The following defini-
tions of recoveries were included in the survey to assist
respondents: ALB- includes activities such as or similar
to walking, slow jogging, low intensity cycling; AWB- in-
cludes activities such as swimming, pool walking, pool
jogging; STR - includes static stretching, proprioceptive
neuromuscular facilitation stretching, or dynamic
stretching (with descriptions included); CWI- includes
immersion in cold or ice water; and CWT- includes al-
ternation between immersion in cold/ice water and hot
water. In each of these sections participants were asked
whether they performed the recovery after competition,
after pre-season training and/or after in-season training.
If they answered ‘yes’ to any of these questions the par-
ticipant was directed to answer more questions about
that specific recovery strategy. If the participant an-
swered ‘no’ to the three questions they were invited to
move to the next section of the survey. The additional

questions in each section focused on the perceived effect
of each strategy. Participants rated from 1 (not at all) to
5 (very) how effective they considered the recovery strat-
egy to be and were invited to provide a description of
why they thought the strategy was effective/ineffective.
From a list of twenty potential reasons [2, 3] (Table 1),
participants rated how important they thought each rea-
son was for performing the specific recovery strategy
from 1 (not important reason) to 5 (very important rea-
son). At the end of each section (sections 3-7) partici-
pants were invited to provide specific details about the
recovery sessions they undertook (session type, descrip-
tion of recovery, duration and intensity of recovery and
how long after the session the recovery was performed).

Statistical analyses
A combination of quantitative and qualitative analyses
were conducted. The quantitative analysis was con-
ducted on the scale-based ratings data using Statistical
Package for Social Sciences (IBM SPSS Incorporation,
version 22, Chicago, Ill, USA). The data were found to
be approximately normally distributed with the large
sample size of 205 in sections 3-7, thus repeated mea-
sures ANOVA tests with an alpha set at .05 were con-
ducted to compare ratings across the five recovery
strategies. Data were presented as means ± standard de-
viation (SD) or proportions (%) of responses. Qualitative
analysis involved grouping popular responses into

Fig. 1 Major sport and level of competition of survey participants. *Participants were allocated according to their highest level of current
competition for their dominant sport; F = female, M =male, U = unspecified
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specific themes and quoting text directly as specific ex-
amples. The identification of themes and allocation of
themes was undertaken by two researchers independ-
ently. The researchers compared their analysis and to-
gether developed the final themes and allocation of
responses to themes via consensus.

Results
Three hundred and thirty-one athletes from 38 teams
(71% male, mean age 25 ± 7 years) completed the paper-
based surveys. Fourteen team sports and five levels of
competition were represented (Fig. 1). Local competition
was most represented (53%), followed by national (20%)
regional (14%), state (9%) and international (2%). Basket-
ball was the most represented team sport (22%) followed
by rugby league and rugby union (20% each), soccer
(10%) and netball (6%). Across all sports and levels of
competition athletes competed in 0–7 games per week,
equating to 0–600 min of competition per week and

trained for 0–30 or more hr per week. One competition
game, 60 min of competition and 4 h of training per
week were the most common responses for the competi-
tion and training demographics.
Fifty-nine percent of participants self-reported (se-

lected checkbox options) performing a recovery strategy
following competition, 55% after pre-season training and
57% used recovery strategies after in-season training. All
participants who performed at an international level in-
dicated using massage for recovery (Fig. 2). In contrast
the most popular recovery method undertaken by all
other levels of athletes (selected checkbox options) was
stretching (98% national, 79% state, 87% regional and
77% local) (Fig. 2). Food/fluid (84% regional and 67%
local) and ALB (74% regional and 52% local) were the
next most popular recovery techniques used by both
regional and local athletes (Fig. 2).
Via free text responses sleep (57%) followed by mas-

sage (29%) were considered the most effective recovery

Table 1 Mean participant ratings (1-5) of the importance of different reasons why specific recovery strategies are used; 1 = not
important reason; 3 = neither important nor unimportant reason; 5 = very important reason

Reasons why a recovery is performed (selected from
a list of predetermined options)

Active, land-based
recovery
(N = 82)

Active, water-based
recovery
(N = 100)

Stretching
(N = 144)

Cold water
immersion
(N = 89)

Contrast water
therapy
(N = 52)

Helps me to wind down and relax 3.5 a 3.8 b 3.7 b 3.3 3.6

Gives me time to socialise with team mates 3.1 3.2 3.3 3.1 3.0

Gives me time to reflect on the training
session or match

3.3 c 3.1 3.3 c 3.2 3.0

Makes me feel good 3.4 d 4.0 3.9 3.8 3.8

Is what I have seen the elite athletes do 2.6 d 3.0 3.1 3.4 d 2.9

Is something the coach told me to do 3.3 3.3 3.4 3.4 3.3

Will increase muscle performance 3.2 d 3.6 3.8 4.0 d 3.6

Speeds up removal of waste product
from muscles

3.6 e 3.8 3.8 3.9 3.9

Decreases muscle soreness 3.9 f 4.1 4.2 4.1 4.1

Reduces swelling and inflammation 3.4 c 3.6 3.7 4.2 d 3.8

Reduces muscle spasms 3.3 a,b,f 3.8 c 3.8 c 3.7 3.5

Increases blood circulation 3.7 3.8 e 3.6 3.5 3.5

Reduces stress and anxiety 3.2 a 3.7 e 3.4 3.3 3.3

Makes me feel energetic 2.9 a 3.3 b 3.1 3.0 3.2

Can improve healing 3.3 d 3.7 b,f 4.0 c 4.1 c 3.6

Helps me to switch off 3.0 a 3.3 b,f 3.0 3.0 3.3

Helps me to be able to train/compete
hard again in the next session/game

3.5 d 3.8 4.1 4.0 4.0

Lowers heart rate 3.2 3.1 3.2 3.1 3.1

Creates a pumping action in the muscles 2.9 a 3.2 f 2.8 e 3.0 3.1
a Significantly different from active, water-based
b Significantly different from cold water immersion
c Significantly different from contrast water therapy
d Significantly different from all other recoveries
e Significantly different from cold water immersion and contrast water therapy
f Significantly different from stretching
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Fig. 2 Recovery strategies undertaken by team sport athletes competing in local, regional, state, national and international competition. PMR =
progressive muscle relation; reflex = reflexology
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techniques by the international athletes, while ice bath
(55%) and stretching (35%) were considered the most ef-
fective by the national athletes. State, regional and local
athletes all perceived stretching to be the most effective
recovery (32%, 42% and 37% respectively) followed by
ice bath (26%, 23% and 14% respectively). Forty-three
per cent of athletes reported that they did not participate
in post-exercise recovery and of these respondents, self-
reported laziness (20%) and time constraints (17%) were
the most common reasons provided for not undertaking
any post-exercise recovery.
Two-hundred and five athletes completed survey

sections 3–7. Across all combined competition levels the
athletes that performed STR (4.42 ± 0.61) and CWI (4.3
± 0.57) rated them to be significantly more effective for
recovery than the users of ALB (3.63 ± 0.57, p < 0.05),
AWB (4.09 ± 0.54, p < 0.05) and CWT (4.14 ± 0.41, p <
0.05). Active water-based recovery and CWT were also
rated significantly more effective than ALB (p < 0.05).
The most highly rated reason for use from the predeter-

mined list for ALB, AWB, STR and CWT was ‘decreases
muscle soreness’ (Table 1). This is supported by the free-
text answers from participants with the most common
psychological reason reported for the effectiveness of each
recovery being ‘decreases muscle soreness’ (excluding
AWB and CWI). For CWI the highest rated reason was
‘reduces swelling and inflammation’, followed by ‘decreases
muscle soreness’ (Table 1), which is also supported by the
respective free-text answers with the most common
physiological reason being ‘decreases swelling/inflamma-
tion’. The statement ‘is what I have seen the elite athletes
do’ was the lowest rated reason for ALB, AWB, STR and
CWT (Table 1). Active, land-based recovery had signifi-
cantly lower ratings than all other recoveries for the fol-
lowing reasons of use; ‘makes me feel good’, ‘is what I have
seen the elite athletes do’, ‘will increase muscle perform-
ance’, ‘can improve healing’ and ‘helps me to train/compete
hard again in the next session/game’. Cold water
immersion rated significantly higher than all other recov-
eries for the following reasons for use ‘is what I have seen
the elite athletes do’, ‘will increase muscle performance’
and ‘reduces swelling and inflammation’. These ratings
were somewhat supported by free-text explanations re-
garding why the athletes believe that each specific recov-
ery method is or is not effective. When the free-text
responses for the effectiveness of each recovery method
were classified, the highest percentage of responses for
ALB and STR were classified as physical benefits, followed
by psychological benefits and physiological benefits. In
contrast, for water immersion recovery the highest per-
centage of responses was classified as psychological bene-
fits (Table 2). Table 3 shows the details of the most
popular recovery sessions used by athletes after a game/
match for each recovery type.

Discussion
This investigation has identified that a range of recovery
strategies are used by athletes across varying team sports
and competition levels; and that athletes have varying
perceptions of the reason for effectiveness. Fifty-seven
percent (mean) of the team sport athletes surveyed per-
formed a recovery after competition and/or training, re-
gardless of competition level, this indicates that most
athletes acknowledge that recovery is an integral part of
performance and training [16] and supports the hypoth-
esis that most athletes perform a recovery. Massage was
used as a recovery strategy by all participating
international-level team sport athletes, who also rated
massage as the second most effective recovery technique
behind sleep, 63% of the national-level athletes also used
massage. It is likely that the higher popularity of use of
massage by international-level athletes (100% use) and
national-level athletes (63% use) in comparison to lower
levels of competition athletes (32% state, 45% regional
and 22% local) is related to their access to massage ther-
apists who are often members of the support staff.
While stretching was the second most frequently used

recovery strategy by the international-level athletes in
the current study, it was the most frequently used recov-
ery strategy by all other competition level athletes (na-
tional, state, regional and local), partially supporting the
hypothesis that stretching would be the most used re-
covery strategy by all level athletes. Stretching was also
rated either the most effective (state, regional and local)
or second most effective (national) recovery strategy.
Furthermore the athletes that used STR rated it to be
significantly more effective as a recovery than the users
of ALB, AWB and CWT. The frequent use of stretching
by athletes across all competition levels may be attrib-
uted to a combination of factors including it can be self-
administered, ease of use and accessibility, mainstream
popularity, can be performed as a team and its common
practice across the fitness and sporting industries. More
specifically, stretching requires no equipment, can be
performed with minimal space and also has been recom-
mended as a post-exercise recovery across mainstream
literature and research for decades [17]. Food/fluid and
sleep/nap were also highly used recovery strategies by all
levels of athlete (average 79% and 63% use respectively),
this is most likely due to these recoveries undertaken as
lifestyle choices not as deliberate choices for recovery.
This is in contrast to CWI, CWT and AWB strategies
that require a deliberate choice to undertake and spe-
cialised equipment and facilities, as identified in the
free-text responses by the athletes in the current
study; with one athlete describing AWB as ‘not prac-
tical’, two athletes stating that CWI was ‘not always
possible’, and another stating that it was ‘a costly and
messy’ recovery strategy.
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The main reasons provided by the athletes for the ef-
fectiveness of STR were physical or psychological in na-
ture, with the most common response themes being
‘improved range of movement’, ‘decreases tightness’ and
‘decreases soreness’ (Table 3). Research evidence some-
what supports these notions. Stretching has been found
to improve range of motion [18, 19] and accordingly de-
crease tightness of the muscles, although stretching does
not appear to be effective for reducing/preventing de-
layed onset of muscle soreness [20–22]. Thus showing
that athletes may not always understand the influence
that stretching has upon physical recovery.
The second most effective recovery strategy according

to the surveyed athletes of this study was CWI (effective-
ness rating 4.3/5). The most commonly provided reason
for the effectiveness of CWI was to reduce swelling and
inflammation (16 free-text responses and importance rat-
ing of 4.2/5; Tables 1 and 2), numerous studies have
shown that CWI does not affect inflammation [23, 24].
The athletes also reported ‘relaxes’, ‘cools’ and ‘decreases
muscle soreness’ (Table 2) as common reasons for CWI
effectiveness for recovery, with importance also placed on
improving healing (Table 2). Cold water immersion has
been found to cool the body [25] and may also provide an
enhanced perception of relaxation [26]. A reduction in
muscle soreness is supported by the literature [11, 27]
with the mechanism linked to a reduction in neuron
transmission speed within the body which decreases expe-
rienced pain [28]. This may explain the common analgesic
effects reported for CWI [29], and might also improve
some sensations associated with tiredness. Notably, CWI
received the highest importance rating (3.4/5) of the re-
covery strategies for the reason ‘is what I have seen the
elite athletes do’ (Table 1). The revelation that athletes
place importance on whether or not elite athletes are
using the CWI recovery also supports the potential belief
effect of CWI. While participants indicated that ‘improv-
ing healing’ was an important reason associated with the
effectiveness of CWI, there is no scientific evidence to
support this.
Contrast water therapy was considered to be the third

most effective recovery strategy with a score of 4.1/5.

The most frequently reported and highest rated rea-
son for CWT use and effectiveness was ‘decreases
soreness’. This reason is supported by a review of 13
pooled studies whereby CWT decreased soreness at
five time points (>6, 24, 48, 72 and 96 h) in compari-
son to passive recovery [30]. Athletes also reported
that CWT ‘relaxes’ and ‘cools’, with the assumption
that the cold water component is responsible for the
cooling sensation as noted previously for CWI; and
the hot water component is responsible for the sensa-
tion of relaxation [31].
All recovery strategies were found to be most com-

monly used within 1 h of completion of exercise. In con-
trast CWT has been found to be most commonly used
immediately post exercise by elite New Zealand athletes
[10] and 12 min post exercise by elite South African
rugby union players [13]. The within 1 h post-exercise
time frame is mostly likely commonly used as some ath-
letes state they do their recovery at home, so this time
frame would be accommodating. It is likely that athletes
also believe completing recovery after this time may not
be as effective, although Dawson and colleagues [32]
found that this may not be the case, finding a ‘next
morning’ recovery to be just as effective as an immediate
recovery. Athletes mainly undertook recovery strategies
of 10 min duration, (CWT approximately 6 min). This
study found the most utilised durations for CWT to be
1 min in each temperature for 3 cycles whereas Hing
and colleagues [10] found the most used times to be
30 s in cold, 1 min in hot, for 3 cycles. This study found
the most utilised duration for CWI to be 10 min, al-
though Van Wyk and Lambert [13] found CWI of 2 x
3 min immersions to be most commonly used. Versey
and colleagues [33] state that CWI needs to be 5-15 min
and CWT up to 15 min for optimal results. This study
has found differences between levels of immersion used
for CWI and the cold component of CWT. The differ-
ences though are minimal with the regions being neck,
shoulder and whole body all being very similar when
considering water immersion. Halson [34] states that
whole body immersion be used to increase effectiveness
of water immersion protocols.

Table 3 Most popular post-game/match recovery session details (as assessed by statistical mode)

Recovery (number
of respondents)

Recovery activity
(number of respondents)

Duration (number
of respondents)

Timeframe following game/match
(number of respondents)

Active, land-based (96) Walk (69) 10 min (36) Within 1 h (32)

Active, water-based (89) Swim (49) 10 min (28) Within 1 h (29)

Stretching (124) Static (98) 10 min (56) Within 1 h (48)

Cold water immersion (71) Cold water bath immersion
(44) to the neck (20)

10 min (53) Within 1 h (36)

Contrast water therapy (45) Cold water bath immersion (13)
to the shoulders/full body (7);
hot shower (32) full body immersion (16)

3 cycles (16)
of 1 min cold (16):
1 min hot (20)

Within 1 h (18)
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While this study identifies the use of recovery strat-
egies by team sport athletes and their perceptions of
recovery strategies and effectiveness, this study has
some limitations. Similar to Venter [12] the assump-
tion that participants’ responses were accurate and
the potential influence of other athletes when com-
pleting the survey may have influenced the results.
Misinterpreting information when completing the sur-
vey may also have occurred. While five competition
levels were represented in the sampling, most athletes
were based in northern Queensland and therefore re-
sults are indicative of that region, and may not repre-
sent the whole of the country. Another limitation is
the difference between the physiological demands of
the sports that the participants played, although all of
the sports represented by regional, state, national and
international athletes were also represented by local
athletes. Future research should continue to look at
the usage of popular recovery methods, including the
use of mental techniques [35] within Australia (cover-
age of multiple states and cities) and their reasons
for use.

Conclusion
In summary, to our knowledge this is the first study
to explore the post-exercise recovery practices of
Australian team sport athletes and which identifies
and explains their perceptions and preferential use of
particular strategies. It was found that international
athletes utilise massage the most and consider sleep
and massage to be the most effective recovery strat-
egies. This may be due to greater access to massage
practitioners at the elite level of team sports as all
other levels of athlete utilised stretching the most and
considered it the most or second most effective re-
covery strategy. When asked to rate the five discussed
recoveries, STR was rated the most effective with
ALB considered the least effective by its users. Lazi-
ness and time constraints were the main reasons pro-
vided by the 43% of athletes who did not undertake
recovery. This study determined that athletes are
aware of how they feel following the use of recovery
and they use recovery based on their perceptions, but
may not be able to identify why a recovery method is
effective/ineffective. This study also highlights how
the perceptions of athletes do not always align with
scientific evidence. It is suggested that the availability
of particular recovery strategies may also impact upon
recovery strategy selection. It is encouraged that ath-
letes and coaching staff are informed about the effects
different recovery strategies have upon the body to
ensure recovery strategies are selected and imple-
mented for the correct reasons.

Abbreviations
ALB: Active, land-based recovery; AWB: Active, water-based recovery;
CWI: Cold water immersion; CWT: Contrast water therapy; STR: Stretching

Acknowledgements
The authors would like to express their sincere gratitude to all the
participants of this study and those who assisted with data collection.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analysed during the current study available from
the corresponding author on reasonable request.

Authors’ contributions
All authors contributed to the writing of the survey. FC performed data
collection and analyses. RS assisted with data analyses. FC wrote the paper,
with contribution from all authors. All authors have read and approved the
final manuscript.

Authors’ information
Not applicable.

Competing interests
The authors declare that they have no competing interests

Consent for publication
Not applicable.

Ethics approval and consent to participate
Ethics approval was granted by the Human Ethics Committee James Cook
University, (H5248) Australia and the rights of the participant were protected.
Participants consented to participation and received an information sheet
detailing what the study involved.

Author details
1College of Healthcare Sciences, James Cook University, Townsville, QLD,
Australia. 2Division of Tropical Health and Medicine, James Cook University,
Townsville, QLD, Australia. 3Sport & Health Sciences, University of St Mark
and St John, Plymouth, Devon, UK. 4Australian Institute of Sport, Canberra,
ACT, Australia.

Received: 19 October 2016 Accepted: 17 February 2017

References
1. Halson SL. Recovery techniques for athletes. SSE. 2013;26:1–6.
2. Hing W, White SG, Lee P, Bouaaphone A. The use of contrast therapy

recovery within the New Zealand elite sports setting. NZJSM. 2010;37:8–11.
3. Venter RE, Potgieter JR, Barnard JG. The use of recovery modalities by elite

South African team athletes. S Afr J Res Sport Phys Educ Recreation. 2010;
32:133–45.

4. Nédélec M, McCall A, Carling C, Legall F, Berthoin S, Dupont G. Recovery in
soccer Part II: recovery strategies. Sports Med. 2013;43:9–22.

5. Reilly T, Ekblom B. The use of recovery methods post-exercise. J Sports Sci.
2005;23:619–27.

6. Elias GP, Wyckelsma VL, Varley MC, McKenna MJ, Aughey RJ. Effectiveness of
water immersion on post-match recovery in elite professional footballers.
Int J Sports Physiol Perform. 2013;8:243–53.

7. Lum D, Landers G, Peeling P. Effects of a recovery swim on subsequent
running performance. Int J Sports Med. 2010;31:26–30.

8. Parouty J, Al Haddad H, Quod M, Leprêtre PM, Ahmaidi S, Buchheit M. Effect
of cold water immersion on 100-m sprint performance in well-trained
swimmers. Eur J Appl Physiol. 2010;109:483–90.

9. Bleakley CM, Davison GW. What is the biochemical and physiological
rationale for using cold-water immersion in sports recovery? A systematic
review. Br J Sports Med. 2010;44:179–87.

10. Hing WA, White SG, Bouaaphone A. Contrast therapy- a systematic review.
Phys Ther Sport. 2008;9:148–6.

Crowther et al. BMC Sports Science, Medicine and Rehabilitation  (2017) 9:6 Page 9 of 10



11. Poppendieck W, Faude O, Wegmann M, Meyer T. Cooling and performance
review of trained athletes: a meta-analytical review. Int J Sports Physiol
Perform. 2013;8:227–42.

12. Venter RE. Perceptions of team athletes on the importance of recovery
modalities. EJSS. 2014;14 Suppl 1:S69–76.

13. Van Wyk DV, Lambert MI. Recovery strategies implemented by sport
support staff of elite rugby players in South Africa. SAJPA. 2009;65:41–6.

14. Simjanovic M, Hooper S, Leveritt M, Kellmann M, Rynne S. The use and
perceived effectiveness of recovery modalities and monitoring techniques
in elite sport. J Sci Med Sport. 2009;12 Suppl 1:S22.

15. Moreno J, Ramos-Castro J, Rodas G, Tarragó JR, Capdevila L. Individual
recovery profiles in basketball players. Span J Psychol. 2015;18:1–10.

16. Coffey V, Leveritt M, Gill N. Effect of recovery modality on 4-hour repeated
treadmill running performance and changes in physiological variables. J Sci
Med Sport. 2004;7:1–10.

17. McAtte RE, Charland J. Facilitated Stretching. 4th ed. Illinois: Human Kinetics;
2014.

18. Bandy WD, Irion JM, Briggler M. The effect of static stretch and dynamic
range of motion training on the flexibility of the hamstring muscle. JOSPT.
1998;27:295–300.

19. Decoster LC, Cleland J, Altieri C, Russell P. The Effects of hamstring
stretching on range of motion: a systematic literature review. JOSPT. 2005;
35:377–87.

20. Cheung K, Hume PA, Maxwell L. Delayed onset muscle soreness: treatment
strategies and performance factors. Sports Med. 2003;33:145–64.

21. Herbert RD, de Noronha M. Stretching to prevent or reduce muscle
soreness after exercise (Review). Cochrane Database Syst Rev. 2007;3:1–25.

22. Torres R, Ribeiro F, Duarte JA, Cabri JMH. Evidence of the physiotherapeutic
interventions used currently after exercise-induced muscle damage:
systematic review and meta-analysis. Phys Ther Sport. 2012;13:101–14.

23. Ingram J, Dawson B, Goodman C, Wallman K, Beilby J. Effect of water
immersion methods on post-exercise recovery from simulated team sport
exercise. J Sci Med Sport. 2009;12:417–21.

24. Sellwood KL, Brukner P, Williams D, Nicol A, Hinman R. Ice-water immersion
and delayed-onset muscle soreness: a randomised controlled trial.
Br J Sports Med. 2007;41:392–7.

25. Clements JM, Casa DJ, Knight JC, McClung JM, Blake AS, Meenan PM, Gilmer
AM, Caldwell KA. Ice water immersion and cold-water immersion provide
similar cooling rates in runners with exercise-induced hypothermia. J Athl
Train. 2002;37:146–50.

26. Broatch JR, Peterson A, Bishop DJ. Postexercise cold water Immersion
benefits are not greater than the placebo effect. Med Sci Sports Exerc. 2014;
46:2139–47.

27. Leeder J, Gissane C, Van Someren K, Gregson W, Howatson G. Cold water
immersion and recovery from strenuous exercise: a meta-analysis. Br J
Sports Med. 2012;46:233–40.

28. Meeusen R, Lievens P. The use of cryotherapy in sports injuries. Sports Med.
1986;3:398–414.

29. Jakeman JR, Macrae R, Eston R. A single 10-min bout of cold-water
immersion therapy after strenuous plyometric exercise has no beneficial
effect on recovery from the symptoms of exercise-induced muscle damage.
Ergonomics. 2009;52:456–60.

30. Bieuzen F, Bleakley CM, Costello JT. Contrast water therapy and exercise
induced muscle damage: a systematic review and meta-analysis. PLoS One.
2013;8:e62356.

31. Kovacs MS, Baker LB. Recovery interventions and strategies for improved
tennis performance. Br J Sports Med. 2014;48:i18–21.

32. Dawson B, Gow S, Modra S, Bishop D, Stewart G. Effects of immediate post-
game recovery procedures on muscle soreness, power and flexibility levels
over the next 48 hours. J Sci Med Sport. 2005;8:210–21.

33. Versey NG, Halson SL, Dawson BT. Water immersion recovery for athletes:
effect on exercise performance and practical recommendations. Sports Med.
2013;43:1101–30.

34. Halson SL. Does the time frame between exercise influence the
effectiveness of hydrotherapy for recovery? Int J Sports Physiol Perform.
2011;6:147–59.

35. Keilani M, Hasenöhrl T, Gartner I, Krall C, Fürnhammer J, Cenik F, Crevenna R.
Use of mental techniques for competition and recovery in professional
athletes. Wien Klin Wochenschr. 2016;128:315–19.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Crowther et al. BMC Sports Science, Medicine and Rehabilitation  (2017) 9:6 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Statistical analyses

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Authors’ information
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

