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The purpose of this study was to assess the perceived usefulness, actual use and barriers
to the implementation of recovery strategies among basketball practitioners. 107
participants (strength and conditioning coaches, sport scientists, performance
specialists) from different countries and competitive levels completed an online survey.
Most participants rated recovery strategies as either extremely (46%) or very important
(49%). Active recovery, massage, foam rolling, and stretching were perceived as most
useful (80, 73, 72 and 59% of participants, respectively) and were most frequently adopted
(68, 61, 72 and 67%, respectively). Participants mentioned lack of devices and facilities
(51%), excessive cost (51%), lack of time (27%), players’ negative perception (25%) and
lack of sufﬁcient evidence (16%) as barriers to the implementation of recovery strategies.
The present ﬁndings reveal that some dissociation between scientiﬁc evidence and
perceived effectiveness was present among the study participants. A possible solution
would be to ensure that scientiﬁc evidence-based guidelines are followed when
considering the application of recovery strategies. Regarding actual use, participants
favored easily implementable strategies (e.g. active recovery, stretching), rather than
evidence-supported, but expensive and/or impractical strategies (e.g. whole-body
cryotherapy). Possible solutions may include the use of practical tools that don’t need
speciﬁc facilities, the development and validation of new low-cost recovery devices, the
promotion of players education regarding recovery strategies, and conducting further
research to increase the scientiﬁc knowledge in the area.
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INTRODUCTION
Basketball is a popular intermittent court-based team sport, which requires players to perform
repeated high-intensity activities, including sprinting, shufﬂing, jumping, accelerations,
decelerations and changes of direction (Stojanović et al., 2018; Pernigoni et al., 2021). The
nature of basketball activity places the athlete’s body under stress and can cause a disruption of
homeostasis, resulting in exercise-induced muscle damage and delayed onset of muscle soreness,
reduced range of motion, impaired kinesthetic awareness, inﬂammatory and immunological
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The use of post-exercise recovery strategies such as massage,
compression garments, hydrotherapy, cryotherapy, stretching,
foam rolling, sleep and nutritional approaches has been
extensively investigated in various sports (Herbert et al.,
2011; Poppendieck et al., 2016; Rose et al., 2017; Dupuy
et al., 2018; Wiewelhove et al., 2019; Ortiz et al., 2019;
Bongiovanni et al., 2020; Davis et al., 2020; Skinner et al.,
2020; Afonso et al., 2021; Kwiecien and McHugh, 2021).
However, only a relatively limited number of studies has
speciﬁcally analyzed the efﬁcacy of such interventions in
basketball (Calleja-González et al., 2016; Huyghe et al., 2020;
Davis et al., 2021). Therefore, basketball practitioners are often
not provided with speciﬁc evidence-based guidelines and it is
unknown how such research is considered and implemented. To
the best of the authors’ knowledge, there are no studies available
to describe which recovery strategies are currently used by
basketball practitioners from different countries and
competitive levels. Assessing the interventions employed in a
real-world context can provide useful information about how
the scientiﬁc principles supporting recovery strategies are
applied, thus understanding the factors that may limit the
use of certain tools and methods. Such insight would provide
practitioners with relevant information on recovery strategies
used in basketball, assist the development of future research on
the topic, and could help ﬁnd solutions for a better and more
efﬁcient translation of scientiﬁc evidence to daily practice.
Therefore, the aims of the current study were to assess the
perceived usefulness and actual use of recovery strategies among
basketball practitioners, and to identify potential barriers which
may prevent the use of recovery strategies in real-world contexts.
It was hypothesized that practitioners’ perceived usefulness
would be in accordance with established scientiﬁc evidence.
Regarding actual use and potential barriers, practitioners were
expected to favor practical and inexpensive strategies, due to
greater availability and easier implementation.

FIGURE 1 | Reported relative frequencies for the rationale justifying the
adoption of recovery strategies. Answers are listed in descending order, from
the most to the least frequent.

MATERIALS AND METHODS
FIGURE 2 | Reported relative frequencies for perceived usefulness and
actual use of recovery strategies. Strategies are listed in descending order,
from the most to the least perceived as useful.

Participants
A freely accessible online questionnaire was designed and
subsequently advertised via e-mail, phone or social media to
gather information about the perception and use of recovery
strategies among basketball practitioners. The survey remained
available online for approximately 2 months (i.e., from May 22nd
until July 26th, 2020). At the end of this period, a convenient
sample size of 107 practitioners completed the survey. As this is a
pilot study, the a priori sample size calculation was not
performed. We considered the amount of responders to be
adequate in relation to the sample size of previous similar
studies (Van Wyk and Lambert, 2009; Fleming et al., 2018;
Field et al., 2021). The study was approved by the Lithuanian
Sports University Ethics Committee [2020-05-19 NR. BNLTRS(B)-2020-304] and was designed according to the
Declaration of Helsinki. Participants were informed regarding
the study aims in advance and participation was voluntary.

responses (Chatzinikolaou et al., 2014; Doma et al., 2018; Moreira
et al., 2018). The short-term effects of a single session, although
necessary for long-term adaptation, may have a negative
inﬂuence on performance lasting up to 48 h (Chatzinikolaou
et al., 2014; Pliauga et al., 2015). This transitory situation is
especially relevant when considering that professional teams
often face congested schedules with multiple games played in
close succession, such as during the playoff period (Ferioli et al.,
2021). Thus, the implementation of strategies limiting the
negative consequences of basketball activity and improving the
time course of recovery is crucial to allow players to train and
perform effectively when the time between sessions is short
(Dupuy et al., 2018; Huyghe et al., 2020).
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terms were used to characterize the observed frequencies as
follows: All = 100% of participants; Most = ≥75%; Majority =
55–75%; Approximately half = ~50%; Approximately a third =
~30%; Minority = <30%. Furthermore, 90% compatibility limits
were calculated for each proportion (i.e. the percentage of
participants selecting a given answer to a given question) to
assess its margin of error, using the following formula: 90%
compatibility limits = ± 1.65*√[x (100-x)/n], where x is the
proportion and n is the total sample size. Data were extracted
from the online survey (Google Forms®) and downloaded onto a
spreadsheet (Microsoft® Excel for Windows version
16.0.13929.20206) for analysis.
FIGURE 3 | Reported relative frequencies for perceived barriers to the
implementation of recovery strategies. Answers are listed in descending
order, from the most to the least frequent.

RESULTS
Sociodemographic Data
The sociodemographic characteristics of the participants are
reported in the Supplementary material S1. Most of them
were males [86% (90% compatibility limits ±6%)], aged
between 21 and 40 years old [74% (±7%)] and working with
male teams [78% (±7%)]. Most participants [79% (±6%)] were
employed as strength and conditioning coaches and held an
academic degree in sport sciences, either Bachelor [38%
(±8%)] or Master [30% (±7%)]. Moreover, most participants
were part of high-level teams, as 38% (±8%) of them were
working in ﬁrst division clubs, 17% (±6%) in second division
clubs, 13% (±5%) with the youth academy of a national-level club,
and 7% (±4%) with national senior teams.

Design
A descriptive design was used for this study. An online survey
(https://docs.google.com/forms/d/e/1FAIpQLScKLB55hk3UzjSVu
PLq1jc1cT7AhSXG9hPwcE4I8zLjgdqSUQ/viewform) including a
combination of multiple choice (i.e. only one answer allowed),
checkboxes (i.e. multiple answers allowed), Likert scales and openended, free-text responses were used to identify perceived
usefulness and actual use of various recovery strategies among
basketball practitioners. A total of 17 questions were organized in
three distinct sections: sociodemographic data (8 questions),
perceived usefulness (3 questions) and actual use (6 questions)
of recovery strategies. The questionnaire was designed in a userfriendly manner, with completion only requiring about 5 minutes.

Perceived Usefulness and Actual Use of
Recovery Strategies

Methodology
The ﬁrst section (sociodemographic data) was designed to receive
information about the age, gender, experience, qualiﬁcations (i.e.
academic degrees or other professional certiﬁcations), and role of
the participants within their basketball team. In addition, the
gender and competitive level of the team were assessed in this
section. The main aim of the second section (perceived
usefulness) was to investigate whether participants generally
perceived recovery strategies as important, the reasoning
behind this assumption, and which strategies they believed to
have a beneﬁcial effect. The third section (actual use)
encompassed questions about the frequency, timing, place and
type of recovery interventions implemented by the participants,
as well as potential barriers which prevent them from utilizing
one or more of these strategies. Where pertinent, multiple choice
and checkbox questions were designed so that participants could
add further answers (i.e. “other”), which were not included in the
available options. One open-ended, free-text question was
included at the end of the survey, allowing participants to add
further comments, suggestions or feedbacks.

Most participants rated recovery strategies as either extremely
important [46% (±8%)] or very important [49% (±8%)]. As
displayed in Figure 1, the most frequent reasons for adopting
recovery strategies were to reduce injury risk [87% (±5%)],
increase readiness for the following practice session or game
[79% (±6%)], and reduce cumulative fatigue [67% (±7%)].
The frequencies for perceived usefulness and actual use are
reported in Figure 2. Brieﬂy, active recovery, massage, foam
rolling and stretching were the strategies perceived as most useful
and most frequently adopted. Cryotherapy, recovery chambers,
sleep devices, and psychological interventions showed the
greatest discrepancy between perceived usefulness and actual
use. When asked about the frequency of use, 15% (±6%) of
the participants declared that they always made use of recovery
strategies, 19% (±6%) usually, 29% (±7%) frequently, 23% (±7%)
sometimes, 10% (±5%) occasionally, 3% (±3%) rarely, while one
participant [1% (±2%)] never used recovery strategies. Most of
the participants made use of recovery strategies immediately after
a training session [81% (±6%)] or competitive game [79% (±6%)],
approximately a third of them when travelling [37% (±8%)] or in
separate sessions [30% (±7%)], while a minority used them pretraining [25% (±7%)] or pre-game [21% (±7%)]. Most of the
participants [89% (±5%)] reported using recovery strategies at
their own sports hall (i.e., where the basketball court is located),

Statistical Analysis
As detailed in previous research (Starling and Lambert, 2018;
Altarriba-Bartes et al., 2020), absolute and relative (percentage)
frequencies were used for the categorical variables, and qualitative
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approximately half of them at home [48% (±8%)] or at hotels
[46% (±8%)], while a minority used them at other (i.e., guest)
arenas/gyms [27% (±7%)], mobility units [20% (±6%)] and while
travelling (e.g., bus, plane) [20% (±6%)].
Finally, barriers to the implementation of recovery strategies
are reported in Figure 3. Lack of devices/facilities and excessive
cost were the most frequently reported barriers, with each answer
being mentioned by 51% (±8%) of the participants.

performance (Delextrat et al., 2014; Poppendieck et al., 2016),
heart rate variability (Kaesaman, 2019), sympatheticparasympathetic balance (Kaesaman, 2019) and blood markers
(Dupuy et al., 2018). However, its effects on performance have
been reported to be small or inconsistent (Poppendieck et al.,
2016), whereas its impact on soreness and fatigue may be
susceptible to placebo effects or biased subjective assessment
(Davis et al., 2020). Finally, no beneﬁcial effects were generally
reported following stretching, with respect to post-exercise
recovery (Herbert et al., 2011; Dupuy et al., 2018). As such,
considering the present ﬁndings, a dissociation between
established evidence and perceived effectiveness was present
for the participants in the present study. Accordingly,
strategies which have shown potential beneﬁcial effects, such
as whole-body cryotherapy (Rose et al., 2017; Dupuy et al., 2018;
Kwiecien and McHugh, 2021), have been perceived as less
effective by the participants. As previously suggested (Fullagar
et al., 2019), sport practitioners may favor one-on-one or group
conversations over journal articles as a source of knowledge,
which could partly explain the current ﬁndings. Furthermore, it
has been reported that practitioners’ perception of recovery
strategies can be inﬂuenced by past experiences, according to
their own feelings or players’ perception of their efﬁcacy
(Simjanovic et al., 2009). This is a potential issue for the
optimization
of
players’
recovery,
as
belief-based
practice—which is not always supported by scientiﬁc
evidence—may result in the use of inadequate interventions
for recovery purposes.
In the present study, foam rolling, active recovery, stretching
and massage were the most utilized recovery strategies. These
ﬁndings are not surprising, as massage is extremely popular
(Davis et al., 2020), while the other mentioned strategies are
practical, easy to use and do not require expensive equipment.
Indeed, it has been suggested that the choice of recovery strategies
could be affected by practicality and accessibility, as teams may
use recovery strategies which lack robust scientiﬁc evidence, but
are easily implementable (Crowther et al., 2017; Altarriba-Bartes
et al., 2020). Accordingly, participants reported that the excessive
cost and lack of devices/facilities were the main barriers to the use
of recovery strategies. These ﬁndings are in agreement with
previous research (Simjanovic et al., 2009; Rey et al., 2018;
Field et al., 2021), as accessibility has been frequently reported
as a barrier to the implementation of recovery strategies.
Therefore, it was expected that recovery strategies which are
expensive and/or require speciﬁc facilities (e.g., cryotherapy, pool
recovery, contrast water therapy and recovery/sleep devices)
would be used relatively rarely, despite being often perceived
as useful. Speciﬁcally, accessibility could be a major obstacle when
playing away from home, as dedicated spaces and materials are
often not available to teams (Rey et al., 2018; Altarriba-Bartes
et al., 2020). Somewhat surprisingly, only a minority (27%) of the
participants indicated lack of time as a barrier, while previous
studies in other sports identiﬁed it as a major obstacle
(Simjanovic et al., 2009; Rey et al., 2018; Fullagar et al., 2019).
Players’ negative perception of recovery strategies was mentioned
as a possible barrier by a similar proportion of the participants
(25%), supporting the notion that players preferences may not

DISCUSSION
The present study provides novel insights into the perceived
usefulness and actual use of recovery strategies among basketball
practitioners, while identifying the potential barriers which may
prevent the use of recovery strategies in real-world contexts.
Overall, nearly all participants acknowledged the importance of
recovery strategies in basketball, with active recovery, massage,
foam rolling and stretching being the most positively perceived
and most applied strategies among basketball practitioners.
Reducing injury risk, increasing the readiness for the following
practice session or game, and reducing cumulative fatigue were
the most popular reasons for adopting recovery strategies. With
regards to barriers preventing the use of recovery strategies, the
lack of speciﬁc devices/facilities and the excessive cost for their
implementation were the most frequently reported.
The results of the present survey suggest that active recovery,
massage, foam rolling, stretching, cold water immersion (CWI)
and nutritional supplements were positively perceived by the
majority of participants. While some of these strategies have
shown potential for enhancing the recovery process, others are
not well supported in literature or have produced mixed results.
CWI has been reported to positively affect the recovery status of
basketball players in terms of physical performance, muscle
soreness, exercise-induced muscle damage and inﬂammatory
markers (Montgomery et al., 2008; Delextrat et al., 2013;
Sánchez–Ureña et al., 2017; Seco-Calvo et al., 2020), thus
supporting its application in a real-world context. Similarly, a
recent review suggested that athletes may beneﬁt from the
consumption of nutritional supplements such as vitamin D,
Omega-3 fatty acids, tart cherries, beetroot and pomegranate
juice to enhance the recovery process (Bongiovanni et al., 2020).
In line with this, foam rolling has also shown potential beneﬁts on
sprint and strength performance, and muscle soreness in athletes,
although its underlying mechanisms are largely unknown
(Wiewelhove et al., 2019; Skinner et al., 2020). On the other
hand, research in athletic populations has shown that active
recovery might have a positive effect on performance and
muscle soreness during a short period after exercise (Dupuy
et al., 2018; Ortiz et al., 2019; Huyghe et al., 2020). However,
the missing guidelines in terms of optimal outcome variables,
intensity, duration and individualization of active recovery
interventions have made it challenging to draw conclusions
about the actual efﬁcacy of this strategy (Ortiz et al., 2019).
Massage has also been suggested as a beneﬁcial method for
perceptual measures of recovery (Delextrat et al., 2013;
Delextrat et al., 2014; Dupuy et al., 2018; Davis et al., 2020),
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match scientiﬁc recommendations (Crowther et al., 2017; Field
et al., 2021). Efﬁcient communication and education of players
about the methods, tools and rationale supporting evidencebased interventions is crucial in order to effectively implement
sound, effective practice (Le Meur and Torres-Ronda, 2019; Field
et al., 2021). Moreover, practitioners should consider minimizing
the stress induced by the use of recovery strategies. This is crucial,
as players are already exposed to potential stressors such as a
congested competition calendar, travelling, public pressure and
injuries, which may all have detrimental effects on their wellbeing (Jukić et al., 2018). Finally, some participants (16%) felt like
scientiﬁc evidence is not solid enough to justify the use of
recovery strategies. While it is true that some methods (e.g.
CWI, whole-body cryotherapy, nutritional supplements) have
been studied and appear promising (Rose et al., 2017; Dupuy
et al., 2018; Bongiovanni et al., 2020; Kwiecien and McHugh,
2021), there is still a great number of tools which have not been
sufﬁciently investigated or whose evidence is conﬂicting.
Therefore, it is understandable that some practitioners would
rather exploit the available time prioritizing other aspects of the
training process.
Some limitations of the present study should be considered.
The results of the current survey should be interpreted with
caution, as sample size is limited and uncertainties for
comparisons of proportions are in some cases too large to
draw conﬁdent conclusions. Indeed, the minimum number of
participants to be recruited in the survey was set in accordance
with previous research on the topic (Van Wyk and Lambert,
2009; Fleming et al., 2018; Field et al., 2021). However, the
compatibility limits of proportions seem in some cases not
adequate for comparison of proportions, thus suggesting a
bigger sample size would be required. Furthermore, the survey
was designed to be openly accessible to basketball practitioners,
and was advertised through different platforms (email, phone,
social media) with any interested basketball practitioner free to
complete it. This recruiting strategy limited the authors in
retrieving relevant and detailed information about the
practitioners who took part (and those who did not) to the
survey (e.g., rate of participation or refusal according to each
category). In addition, the survey was only designed using the
English language, potentially excluding practitioners from areas
where basketball is quickly developing (e.g., some Asian
countries). As such, our study was likely affected by a sample
bias towards English-speaking practitioners willing to participate
in the online survey and/or interested in recovery strategies. In
line with these limitations, the results of present investigation do
not necessarily apply to the average potential user of recovery
strategies in basketball. Future studies recruiting a greater
number of practitioners to overcome sample size issue and
deﬁning a better recruitment strategy to overcome possible
sampling bias are warranted to draw more pertinent and
reliable conclusions on this topic. For a better interpretation of
the study results, it should be also considered that female teams
were underrepresented (only 22% of the participants) compared
to male teams (78%) and ﬁnancial resources, available facilities or
season schedule may vary considerably depending on country
and competitive level, thus affecting the application of recovery
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strategies. Finally, no practitioners from the National Basketball
Association participated in this study, meaning that no data was
available regarding the perceived usefulness, actual use and
barriers to the implementation of recovery strategies at the
highest competition level in the world.

PRACTICAL APPLICATIONS
The present ﬁndings suggest that a certain degree of dissociation
existed between scientiﬁc evidence and perceived effectiveness of
recovery strategies among the study participants. Whenever
possible, scientiﬁc evidence-based guidelines should be followed
to make sure that appropriate and effective recovery interventions
are considered for implementation. As for actual use, multiple
barriers were identiﬁed by the participants, indicating that the
selection of recovery strategies is no easy feat. Possible solutions
may include choosing practical tools which could also be used
while on the road and/or travelling (e.g. foam rolling), developing
low-cost valid instruments to increase accessibility, promoting
players education and improving communication regarding the
effectiveness of recovery strategies, conducting further high-quality
research to increase scientiﬁc knowledge and validate emerging
tools and methods.

CONCLUSION
To the best of the authors’ knowledge, this is the ﬁrst study to
investigate the perceived effectiveness, actual use and barriers to
the implementation of recovery strategies among basketball
practitioners from different countries and competitive levels.
The majority of participants positively perceived active
recovery, massage, foam rolling, stretching, CWI and
nutritional supplements, even though some of these strategies
are not conclusively supported by scientiﬁc evidence. Therefore, it
appears as if a certain degree of dissociation between established
evidence and perceived effectiveness was present, which may be a
potential issue for the optimization of players’ recovery. As for
actual use, only foam rolling, active recovery, stretching and
massage were utilized by a majority of the participants in the
present study. This may be a result of a lack of practicality and
accessibility of other methods, as teams typically favor strategies
which are easily implementable (e.g., active recovery, stretching),
rather than evidence-based, but expensive and/or impractical,
ones (e.g., whole-body cryotherapy). Other identiﬁed barriers
included players’ negative perception of recovery strategies and
lack of robust evidence in favor of certain recovery strategies,
which highlights the need for better communication, players
education and further research on the topic of recovery strategies.

DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in
the article/Supplementary Materials. Further inquiries can be
directed to the corresponding author.

5

June 2022 | Volume 13 | Article 887507

Pernigoni et al.

Recovery Strategies in Basketball

ETHICS STATEMENT

funding
acquisition,
reviewing
and
editing.
DF:
conceptualization and design, data collection, interpretation of
results, supervision, reviewing and editing. All authors have read
and agreed to the published version of the manuscript.

The study was approved by the Lithuanian Sports University Ethics
Committee [2020-05-19 NR. BNL-TRS(B)-2020-304] and was
designed according to the Declaration of Helsinki. Written
informed consent for participation was not required for this study
in accordance with the national legislation and the institutional
requirements.

ACKNOWLEDGMENTS
The authors would like to thank APFIP (Associazione Preparatori
Fisici Italiani Pallacanestro) for the support in the study
development and all the practitioners involved in the study.

AUTHOR CONTRIBUTIONS
MP: writing of the original manuscript draft, data analysis,
interpretation of results. DC: conceptualization and design,
data collection, interpretation of results, supervision, reviewing
and editing. JC-G: conceptualization and design, data collection,
reviewing and editing. GB: conceptualization and design,
visualization, data analysis, reviewing and editing. MR:

SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphys.2022.887507/
full#supplementary-material
Elite Female Basketball Players. J. Strength Cond. Res. 32, 1731–1738. doi:10.
1519/jsc.0000000000002244
Dupuy, O., Douzi, W., Theurot, D., Bosquet, L., and Dugué, B. (2018). An
Evidence-Based Approach for Choosing Post-exercise Recovery Techniques
to Reduce Markers of Muscle Damage, Soreness, Fatigue, and Inﬂammation: A
Systematic Review with Meta-Analysis. Front. Physiol. 9, 403. doi:10.3389/
fphys.2018.00403
Ferioli, D., Scanlan, A. T., Conte, D., Tibiletti, E., and Rampinini, E. (2021). The
Business End of the Season: A Comparison between Playoff and Regular-Season
Workloads in Professional Basketball Players. Int. J. Sports Physiol. Perform. 16,
655–662. doi:10.1123/ijspp.2020-0405
Field, A., Harper, L. D., Chrismas, B. C. R., Fowler, P. M., McCall, A., Paul, D. J.,
et al. (2021). The Use of Recovery Strategies in Professional Soccer: A
Worldwide Survey. Int. J. Sports Physiol. Perform. 16, 1804–1815. doi:10.
1123/ijspp.2020-0799
Fleming, J., Naughton, R., and Harper, L. (2018). Investigating the Nutritional
and Recovery Habits of Tennis Players. Nutrients 10, 443. doi:10.3390/
NU10040443
Fullagar, H. H. K., McCall, A., Impellizzeri, F. M., Favero, T., and Coutts, A. J.
(2019). The Translation of Sport Science Research to the Field: A Current
Opinion and Overview on the Perceptions of Practitioners, Researchers and
Coaches. Sports Med. 49, 1817–1824. doi:10.1007/s40279-019-01139-0
Herbert, R. D., de Noronha, M., and Kamper, S. J. (2011). Stretching to Prevent or
Reduce Muscle Soreness after Exercise. Cochrane Database Syst. Rev. 7,
CD004577. doi:10.1002/14651858.cd004577.pub3
Huyghe, T., Calleja-Gonzalez, J., and Terrados, N. (2020). “Post-exercise Recovery
Strategies in Basketball: Practical Applications Based on Scientiﬁc Evidence,” in
Basketball Sports Medicine and Science, 799–814. doi:10.1007/978-3-66261070-1_63
Jukić, I., Milanović, L., Svilar, L., Njaradi, N., Calleja-González, J., Castellano, J.,
et al. (2018). “Sport Preparation System in Team Sports: Synergy of Evidence,
Practical Experiences and Artistic Expression,” in Kond. Pripr. Sport. 2018
Zb. Rad.
Kaesaman, N. (2019). The Acute Effect of Traditional Thai Massage on Recovery
from Fatigue in Basketball Players. Geomate 16, 53–58. doi:10.21660/2019.55.
4656
Kwiecien, S. Y., and McHugh, M. P. (2021). The Cold Truth: The Role of
Cryotherapy in the Treatment of Injury and Recovery from Exercise. Eur.
J. Appl. Physiol. 121, 2125–2142. doi:10.1007/s00421-021-04683-8
Le Meur, Y., and Torres-Ronda, L. (2019). 10 Challenges Facing Today’s Applied
Sport Scientist. Sci. Reports 57, 1–7.
Montgomery, P. G., Pyne, D. B., Hopkins, W. G., Dorman, J. C., Cook, K., and
Minahan, C. L. (2008). The Effect of Recovery Strategies on Physical
Performance and Cumulative Fatigue in Competitive Basketball. J. Sports
Sci. 26, 1135–1145. doi:10.1080/02640410802104912

REFERENCES
Afonso, J., Clemente, F. M., Nakamura, F. Y., Morouço, P., Sarmento, H., Inman, R.
A., et al. (2021). The Effectiveness of Post-exercise Stretching in Short-Term
and Delayed Recovery of Strength, Range of Motion and Delayed Onset Muscle
Soreness: A Systematic Review and Meta-Analysis of Randomized Controlled
Trials. Front. Physiol. 12, 677581. doi:10.3389/FPHYS.2021.677581/PDF
Altarriba-Bartes, A., Peña, J., Vicens-Bordas, J., Casals, M., Peirau, X., and CallejaGonzález, J. (2020). The Use of Recovery Strategies by Spanish First Division
Soccer Teams: A Cross-Sectional Survey. Physician Sportsmed. 49, 297–307.
doi:10.1080/00913847.2020.1819150
Bongiovanni, T., Genovesi, F., Nemmer, M., Carling, C., Alberti, G., and Howatson,
G. (2020). Nutritional Interventions for Reducing the Signs and Symptoms of
Exercise-Induced Muscle Damage and Accelerate Recovery in Athletes: Current
Knowledge, Practical Application and Future Perspectives. Eur. J. Appl. Physiol.
120, 1965–1996. doi:10.1007/s00421-020-04432-3
Calleja-González, J., Terrados, N., Mielgo-Ayuso, J., Delextrat, A., Jukic, I.,
Vaquera, A., et al. (2016). Evidence-based Post-exercise Recovery Strategies
in Basketball. Physician Sportsmed. 44, 74–78. doi:10.1080/00913847.2016.
1102033
Chatzinikolaou, A., Draganidis, D., Avloniti, A., Karipidis, A., Jamurtas, A. Z.,
Skevaki, C. L., et al. (2014). The Microcycle of Inﬂammation and Performance
Changes after a Basketball Match. J. Sports Sci. 32, 870–882. doi:10.1080/
02640414.2013.865251
Crowther, F., Sealey, R., Crowe, M., Edwards, A., and Halson, S. (2017). Team Sport
Athletes’ Perceptions and Use of Recovery Strategies: A Mixed-Methods Survey
Study. BMC Sports Sci. Med. Rehabil. 9, 6. doi:10.1186/s13102-017-0071-3
Davis, H. L., Alabed, S., and Chico, T. J. A. (2020). Effect of Sports Massage on
Performance and Recovery: A Systematic Review and Meta-Analysis. BMJ Open
Sport Exerc. Med. 6, e000614. doi:10.1136/bmjsem-2019-000614
Davis, J. K., Oikawa, S. Y., Halson, S., Stephens, J., O’Riordan, S., Luhrs, K., et al.
(2021). In-Season Nutrition Strategies and Recovery Modalities to Enhance
Recovery for Basketball Players: A Narrative Review. Sports Med. 52, 971–993.
doi:10.1007/S40279-021-01606-7
Delextrat, A., Calleja-González, J., Hippocrate, A., and Clarke, N. D. (2013). Effects
of Sports Massage and Intermittent Cold-Water Immersion on Recovery from
Matches by Basketball Players. J. Sports Sci. 31, 11–19. doi:10.1080/02640414.
2012.719241
Delextrat, A., Hippocrate, A., Leddington-Wright, S., and Clarke, N. D. (2014).
Including Stretches to a Massage Routine Improves Recovery from Ofﬁcial
Matches in Basketball Players. J. Strength Cond. Res. 28, 716–727. doi:10.1519/
JSC.0b013e3182aa5e7c
Doma, K., Leicht, A., Sinclair, W., Schumann, M., Damas, F., Burt, D., et al. (2018).
Impact of Exercise-Induced Muscle Damage on Performance Test Outcomes in

Frontiers in Physiology | www.frontiersin.org

6

June 2022 | Volume 13 | Article 887507

Pernigoni et al.

Recovery Strategies in Basketball

Techniques in Elite Sport. J. Sci. Med. Sport 12, S22. doi:10.1016/j.jsams.
2008.12.057
Skinner, B., Moss, R., and Hammond, L. (2020). A Systematic Review and MetaAnalysis of the Effects of Foam Rolling on Range of Motion, Recovery and
Markers of Athletic Performance. J. Bodyw. Mov. Ther. 24, 105–122. doi:10.
1016/j.jbmt.2020.01.007
Starling, L. T., and Lambert, M. I. (2018). Monitoring Rugby Players for Fitness and
Fatigue: What Do Coaches Want? Int. J. Sports Physiol. Perform. 13, 777–782.
doi:10.1123/ijspp.2017-0416
Stojanović, E., Stojiljković, N., Scanlan, A. T., Dalbo, V. J., Berkelmans, D. M., and
Milanović, Z. (2018). The Activity Demands and Physiological Responses
Encountered during Basketball Match-Play: A Systematic Review. Sports
Med. 48, 111–135. doi:10.1007/s40279-017-0794-z
Van Wyk, D. V., and Lambert, M. I. (2009). Recovery Strategies Implemented by
Sport Support Staff of Elite Rugby Players in South Africa. South Afr.
J. Physiother. 65, a78. doi:10.4102/sajp.v65i1.78
Wiewelhove, T., Döweling, A., Schneider, C., Hottenrott, L., Meyer, T., Kellmann,
M., et al. (2019). A Meta-Analysis of the Effects of Foam Rolling on
Performance and Recovery. Front. Physiol. 10, 376. doi:10.3389/fphys.2019.
00376

Moreira, A., Aoki, M. S., Arruda, A. F. S. d., Machado, D. G. d. S., Elsangedy, H.
M., and Okano, A. H. (2018). Salivary BDNF and Cortisol Responses during
High-Intensity Exercise and Ofﬁcial Basketball Matches in Sedentary
Individuals and Elite Players. J. Hum. Kinet. 65, 139–149. doi:10.2478/
hukin-2018-0040
Ortiz, R. O., Sinclair Elder, A. J., Elder, C. L., and Dawes, J. J. (2019). A Systematic
Review on the Effectiveness of Active Recovery Interventions on Athletic
Performance of Professional-, Collegiate-, and Competitive-Level Adult
Athletes. J. Strength Cond. Res. 33, 2275–2287. doi:10.1519/JSC.
0000000000002589
Pernigoni, M., Ferioli, D., Butautas, R., La Torre, A., and Conte, D. (2021).
Assessing the External Load Associated with High-Intensity Activities
Recorded during Ofﬁcial Basketball Games. Front. Psychol. 12, 668194.
doi:10.3389/fpsyg.2021.668194
Pliauga, V., Kamandulis, S., Dargevičiūtė, G., Jaszczanin, J., Klizienė, I.,
Stanislovaitienė, J., et al. (2015). The Effect of a Simulated Basketball Game
on Players’ Sprint and Jump Performance, Temperature and Muscle Damage.
J. Hum. Kinet. 46, 167–175. doi:10.1515/hukin-2015-0045
Poppendieck, W., Wegmann, M., Ferrauti, A., Kellmann, M., Pfeiffer, M., and
Meyer, T. (2016). Massage and Performance Recovery: A Meta-Analytical
Review. Sports Med. 46, 183–204. doi:10.1007/s40279-015-0420-x
Rey, E., Padrón-Cabo, A., Barcala-Furelos, R., Casamichana, D., and Romo-Pérez,
V. (2018). Practical Active and Passive Recovery Strategies for Soccer Players.
Strength Cond. J. 40, 45–57. doi:10.1519/SSC.0000000000000247
Rose, C., Edwards, K., Siegler, J., Graham, K., and Caillaud, C. (2017). Whole-body
Cryotherapy as a Recovery Technique after Exercise: A Review of the Literature.
Int. J. Sports Med. 38, 1049–1060. doi:10.1055/s-0043-114861
Sánchez-Ureña, B., Martínez-Guardado, I., Crespo, C., Timón, R., CallejaGonzález, J., Ibañez, S. J., et al. (2017). The Use of Continuous vs.
Intermittent Cold Water Immersion as a Recovery Method in Basketball
Players after Training: A Randomized Controlled Trial. Physician
Sportsmed. 45, 134–139. doi:10.1080/00913847.2017.1292832
Seco-Calvo, J., Mielgo-Ayuso, J., Calvo-Lobo, C., and Córdova, A. (2020). Cold
Water Immersion as a Strategy for Muscle Recovery in Professional Basketball
Players during the Competitive Season. J. Sport Rehabil. 29, 301–309. doi:10.
1123/jsr.2018-0301
Simjanovic, M., Hooper, S., Leveritt, M., Kellmann, M., and Rynne, S. (2009). The
Use and Perceived Effectiveness of Recovery Modalities and Monitoring

Frontiers in Physiology | www.frontiersin.org

Conﬂict of Interest: The authors declare that the research was conducted in the
absence of any commercial or ﬁnancial relationships that could be construed as a
potential conﬂict of interest.
Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their afﬁliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.
Copyright © 2022 Pernigoni, Conte, Calleja-González, Boccia, Romagnoli and
Ferioli. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

7

June 2022 | Volume 13 | Article 887507

