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Abstract: Recommendations for prescribing stretching exercises are regularly updated. It appears
that coaches progressively follow the published guidelines, but the real stretching practices of ath-
letes are unknown. The present study aimed to investigate stretching practices in individuals from
various sports or physical activity programs. A survey was completed online to determine some
general aspects of stretching practices. The survey consisted of 32 multiple-choice or open-ended
questions to illustrate the general practices of stretching, experiences and reasons for stretching. In
total, 3546 questionnaires were analyzed (47.3% women and 52.7% men). Respondents practiced at
the national/international level (25.2%), regional level (29.8%), or recreationally (44.9%). Most re-
spondents (89.3%) used stretching for recovery (74.9%) or gains of flexibility (57.2%). Stretching was
generally performed after training (72.4%). The respondents also indicated they performed stretch-
ing as a pre-exercise routine (for warm-up: 49.9%). Static stretching was primarily used (88.2%) but
when applied for warm-up reasons, respondents mostly indicated performing dynamic stretching
(86.2%). Only 37.1% of the respondents indicated being supervised. Finally, some gender and prac-
tice level differences were noticed. The present survey revealed that the stretching practices were
only partly in agreement with recent evidence-based recommendations. The present survey also
pointed out the need to improve the supervision of stretching exercises.

Keywords: training; warm-up; injury; performance; recovery; periodization; methodology; health;
wellness; gender; competitive level

1. Introduction

Stretching is a very popular and extensively documented [1] exercise modality. It is
generally used for health, recreation, and performance. For instance, stretching exercises
are implemented in various physical activity programs for therapeutic reasons in different
diseases such as rheumatoid arthritis [2] or to correct muscle imbalance in elderly indi-
viduals [3]. To date, thousands of scientific papers have been published to determine the
acute or chronic effects of stretching [4-7] and, depending on the objective, to find the best
stretching technique [8]. Briefly, stretching exercises are generally used as pre- and/or
post-activity routines to increase joint range of motion, health, muscle performance, to
promote recovery after exhaustive exercises, or to reduce activity-related injury risks [9-
13].

More specifically, numerous studies revealed that flexibility increased with different
efficiency after static,c dynamic or proprioceptive neuromuscular facilitation (PNF)
stretching techniques [14-19]. Other derivative techniques such as oscillation could also
be used for increasing the range of motion without compromising strength [20]. This well-
known increased range of motion and concomitant reduced stiffness are often cited to
justify the use of stretching as an injury preventive strategy [10,21]. Muscles are supposed
to have an increased ability to resist to excessive elongations [9]. However, evidence for
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injury prevention remained equivocal and numerous studies presented unclear conclu-
sions [13,22-24]. Equivocal conclusions were also obtained when considering recovery.
While stretching has been shown to minimize muscle soreness and reduce damaging ef-
fects of different metabolites [25], the effects on strength or power restoration remain un-
clear [12,26,27].

Stretching exercises demonstrated multiple effects on the neuromuscular system.
While chronic stretching could, in some situations, enhance strength [28,29], acute effects
on strength or power are still debated [11,30,31]. Starting from the late 1990s, authors have
concluded that static stretching induced transient decreases in strength [32]. However,
numerous stretching parameters have been shown to alter stretching-induced effects on
force output. Stretching duration [11,33,34], stretching modality [35], or inclusion inside
dynamic activities [36,37] are key factors shown to significantly impact acute strength al-
terations.

Based on evolving evidence, regularly updated recommendations are made. For ex-
ample, the Canadian Society for Exercise Physiology recommended using dynamic
stretching as a pre-exercise routine instead of static stretching and that static stretching
longer than 60 s per individual muscle group should be avoided [10]. Unfortunately, it
appeared that coaches or athletic trainers from various sports did not follow these recom-
mendations or recent research findings [38,39]. Nevertheless, this general trend seemed to
be reversed. In a recent study, the authors concluded that most soccer coaches from the
NCAA adhered to the most recent recommendations [40]. Beside the prescriptions of
coaches have been previously explored, to the best of our knowledge, the stretching prac-
tices of athletes have not been directly investigated. Athletes' practices have indirectly
been reported by coaches [39]. Because sport or physical activities are not always super-
vised by any type of sport or health professionals, identifying stretching practices are of
paramount importance to give adequate practical guidelines for performance as well as
for health benefits. Therefore, the purpose of the present study was to investigate the gen-
eral stretching practices of individuals from various sports or physical activity programs.
We also attempted to determine whether stretching practices were performed empirically
or under some professionals' supervision or at least recommendations. We hypothesized
that most individuals have a general practice far from scientific conclusions and that most
individuals are not assisted during their practice. Finally, because stretching practices
could be influenced by several factors, special attention was given to determine some po-
tential differences depending on the practice level or gender.

2. Materials and Methods
2.1. Subjects

The questionnaire was electronically distributed, mostly in France, by using different
social and personal networks (e.g., universities, sport sciences faculties, sport federations,
coaches, physiotherapists, and widely used international social networks). A message was
sent with a hyperlink to the online survey. The survey first described key information
about the study, its purpose, as well as information related to the research team associated
with an e-mail contact. The main criterion for responding the present survey was also
defined: being active and regularly practicing sport or physical activities (at least once a
week) for competition, recreation, or health. Participants were then clearly informed their
written consent was obtained by responding to the survey. The questionnaire and all ad-
ditional information were in French. The procedure was approved by the local ethical re-
view board (AR2020-08) and was performed in accordance with the Declaration of Hel-
sinki.

2.2. Procedure

The online survey consisted of a maximal of 32 multiple-choice or open-ended ques-
tions. For some questions, multiple responses were allowed. Depending on answers, the
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participants had to respond different questions to obtain additional details if necessary.
The questionnaire was online for two months (from the very beginning of March to be-
ginning of May 2020). All questions and answers are presented in Supplementary Table
S1.

The specifically designed questionnaire was based on extensive discussions, sugges-
tions, and feedback between the research team, coaches, and athletes. Coaches and ath-
letes (~20) were questioned during the questionnaire conception. They were from various
sports (individuals or team sports), levels (from beginners to elite athletes), and all ob-
tained high coaching education diploma (for coaches). Also, coaches and athletes from
various sports (10) helped the research team to verify the clarity and flow of the survey.
They were instructed to respond to the survey according to their real practice and, at the
end of the survey, to comment all possible unclear questions or response possibilities. Fi-
nally, the content of the final version of the questionnaire was validated by calculating the
content validity index (CVI). Eight experts (including coaches and scientists) were re-
quested to rate the relevance of the different items questioned. The content of the present
survey was validated with an average scale-CVI greater than 0.91.

The questions of the final version of the present survey covered five main themes: (i)
characteristics of the participants such as age, sex, sport, training volume, level, and sub-
jective flexibility evaluation (questions 1-6); (ii) general practices of stretching including
the main reasons, the body parts, the frequency and duration (questions 7-16); (iii) stretch-
ing education or supervision (questions 17-23); (iv) stretching modalities and their poten-
tial effects for performance, recovery, wellness and flexibility (questions 24-29) and (v)
injury history and potential effects of stretching on injury prevention (questions 30-32).
Additional free-text boxes were used for participants who wanted to provide additional
comments. These comments were registered. We arbitrary decided to take into consider-
ation these additional comments when more than 10 participants raised the same com-
ment. Also, care was taken to avoid potential missing responses by using mandatory an-
swers while completing the questionnaire.

2.3. Data and Statistical Analysis

Data were first reviewed and incomplete responses or from individuals without any
actual sport practice were excluded from analyses. We analyzed the distribution of the
response frequencies. Descriptive statistics are reported in the form of percentages and
counts. Depending on sex or total sample, percentages were calculated as a function of
total respondents for the corresponding question. Subgroup analyses were carried out to
compare responses according to sex (women vs. men) and to the practice level (na-
tional/international vs. regional vs. recreational). The frequency rates were compared us-
ing two-tailed Chi-square tests with the significance level set at p < 0.05. The Cramer's V
scores illustrating the effect sizes were also calculated from the chi-square and presented
in Supplementary table S2. In case of significant Chi-square, pairwise comparisons were
achieved by calculating Z-scores. Statistics were performed using JASP (Ver 0.13, JASP
Team (2020), University of Amsterdam, Amsterdam, The Netherlands) and SPSS (Ver 27,
IBM-SPSS Inc., Armonk, NY, USA).

3. Results
3.1. Characteristics of Participants

A total of 3572 responses were obtained. Twenty-six responses were excluded from
the analyses because the respondents did not meet the main inclusion criterion (training
at least once a week). A total of 3546 questionnaires were therefore analyzed. Statistical
analyses indicated significant different frequency distributions between gender and prac-
tice level for age, sport, level, training volume, and subjective flexibility (p <0.001) (Table
1). Briefly, women were younger, mostly recreative with shorter training volume per week
(<6 hours) and with higher flexibility than men. The frequency was greater for women
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than men for Dance/Gymnastics, Equestrian/golf, Fitness and Swimming while it was
greater for men for Cycling/trail/triathlon, Racket sports, and Team Sports. Finally, recre-
ative individuals mostly performed fitness and strength of long-duration activities.

Table 1. Participants” characteristics.

Gender % Practice level £
Descriptor Women Men Nat./Internat. Regional  Recreative
What is your gender?
Women bed 47.3% (1677) - 41.3% (371) 34.4% (364) 59.2% (942)
Men bed - 52.7% (1869) 58.7% (527)  65.6% (693) 40.8% (549)
What is your age?
<20 years »b<od 32.8% (550) 24.9% (465) 37.3% (335) 30.4% (322) 22.5% (358)
20-29 years 51.2% (859) 48.1% (899) 50.3% (452) 47.5% (502) 50.5% (804)
30-39 years ¢ 6.4% (107)  9.8% (183) 6.8% (61) 9.5% (101)  8.0% (128)
4049 years 2b<d 51% (85)  10.0% (187)  4.0% (36) 7.6% (80) 9.8% (80)
50-59 years abed 3.9% (65) 5.3% (99) 1.4% (13) 3.9% (42) 6.8% (42)
>60 years bed 0.6% (11) 1.9% (36) 0.1% (1) 0.9% (10) 2.2% (10)
What is the main sport you are actually doing?
Team Sports bed 18.3% (307)  40.8% (762) 43.5% (391) 55.0% (581)  6.1% (97)
Fitness #bed 21.3% (357)  3.1% (58) 0.4% (4) 0.8% (8) 25.3% (403)
Strength/crossfit <4 8.6% (144) 11.3% (211)  1.8% (16) 22% (23)  19.9% (316)
Track & Field 9.2% (154)  8.7% (162) 9.8% (88) 9.6% (101)  8.0% (127)
Cycling/Trail/Triathlon
yeling/ a/b/c/d/T 7.1% (120)  10.5% (196)  7.1% (64)  5.8% (61)  12.0% (191)
Racket Sport *bcd 53% (88)  11.0% (206)  6.7% (60)  15.1% (160)  4.7% (74)
Dance/Gymnastics #>4  14.5% (243)  1.5% (29) 10.4% (93) 3.0% (32) 9.2% (147)

Martial Arts bed 4.8% (80) 5.2% (98) 8.7% (78) 2.6% (27) 4.6% (73)
Swimming 3.3% (56) 2.3% (44) 2.8% (25) 2.4% (25) 3.1% (50)
Mountain/water sports >4 2.6% (44) 3.0% (57) 4.5% (40) 0.9% (9) 3.3% (52)
Equestrian/Golf @ 3.5% (59) 0.6% (11) 2.2% (20) 2.1% (22) 1.8% (28)
Others b4 1.5% (25) 1.9% (35) 2.1% (19) 0.8% (8) 2.1% (33)
What is your practice level?
National/international @ 22.2% (371)  28.2% (527) - - -

Regional 2 21.7% (364)  37.1% (693) - - -
Recreative @ 56.2% (942)  34.7% (649) - - -
What is your training volume?
<2 h/week bcd 21.3% (357) 14.6% (273)  6.1% (55)  14.6% (154) 26.5% (421)
3-6 h/week 24 44.9% (754)  38.6% (722)  27.7% (249) 42.2% (446) 49.1% (781)
7-10 h/week 2bed 22.2% (373)  26.6% (497) 28.6% (257) 31.0% (328)  17.9% (285)
>10 h/week abed 11.5% (193)  20.2% (377) 37.5% (337) 12.2% (129)  6.5% (104)
What is your subjective flexibility?

Very low 2 12.2% (205)  22.5% (421) 13.8% (124) 22.1% (234) 16.8% (268)
Low abd 36.9% (619) 45.1% (843) 39.5% (355) 46.5% (491) 38.7% (616)
High abd 41.1% (690)  28.9% (540) 37.6% (338) 27.4% (290) 37.8% (602)

Very high 2 9.7% (163) 3.5% (65) 9.0% (81) 4.0% (42) 6.6% (105)

Values are presented as percentages and number of respondents (). Significant frequency distri-
bution differences between men and women ($$$) or between practice levels (*%) for all questions
(p <0.001). Significant differences using Z-scores for a given item between (*) women and men, ()
nat./internat. and regional, () nat./internat. and recreative and () regional and recreative (p < 0.05).
Nat./Internat.: national/international level.

3.2. General Stretching Practice

Most respondents indicated they felt the necessity to stretch and conducted stretch-
ing during the last two years (Figure 1). Frequency distribution revealed more "yes" re-
sponses for women than men (p < 0.001) but no difference was observed for the different
practice levels (p = 0.139). Briefly, individuals mostly indicated it was a necessity because
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of muscle pain (59.6%), muscle stiffness (59.0%), or simply for wellness (60.0%). The ma-
jority indicated it was a necessity after training or competition (77.9%) or after a series of
training or competition (32.6%). No difference in distribution was obtained between
women and men for these two last questions (p = 0.092 and p = 0.074, respectively). In
contrast, significant frequency distributions differences were obtained depending on the
practice level (p <0.001).

ONat./internat. @Regional MRecreative 8 ONal.finternal. ORegional BRecreative
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Figure 1. Percentages of "yes" to different questions. Feeling: Do you already feel the necessity to
do stretching exercises? Practice: Did you conduct stretching exercises during the last two years?
Information: Did you receive any information about stretching during your education? Documen-
tation: Did you look at some documentation to help you understand and perform stretching? Su-
pervision: Are stretching exercises supervised? Instructions: Do you have instruction to perform
stretching? Feeling and practice are shown as a function of practice level (A) and gender (C). Infor-
mation, documentation, supervision and instructions are shown as a function of practice level (B)
and gender (D). Percentages of "yes" are shown and expressed as a function of the total number of
respondents for a given practice level or gender. Significant frequency distribution differences
obtained from chi-square and Z-scores between women and men or between nat./internat. and
both regional and recreative individuals are shown (* p <0.001). Nat./Internat.: national/interna-
tional level.
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Almost similarly, most respondents performed stretching within the last two years
(Figure 1). The responses were not different between women and men (p = 0.108) but in-
dividuals in a regional level performed less stretching than those recreational and per-
forming at a national/international level (p < 0.001). Participants who did not conduct
stretching indicated it was because of a lack of motivation (26%), time (22%), knowledge
(why and how to do, 20% and 13.7%, respectively), lack of supervision (10.3%), or poor
efficiency (6.4%). Individuals performing stretching mostly responded it was for recovery,
to gain flexibility, for injury prevention and performance (Table 2). As compared to men
(p < 0.001), women mostly indicated it was for recovery. Comparing practice level re-
vealed, recreational individuals mostly conducted stretching exercises for wellness while
competition athletes mostly looked for injury prevention and warm-up effects (p < 0.001).
Stretching was mostly performed after training, then in dedicated sessions or before train-
ing. Women distribution was greater for the answer "after training" than men (p = 0.006).
Recreative individuals mostly performed stretching after training/competition (p < 0.001).
Stretching frequency was mostly "1 to 5 times a week" and "during every training". No
difference was obtained between women and men (p = 0.121). National/international in-
dividuals mostly practiced stretching every day than the others (p <0.001). Stretching ses-
sions were mostly shorter than 15 min without any difference between women and men
(p = 0.414) but with shorter stretching sessions for competitive athletes as compared to
recreational individuals (p < 0.001). Finally, stretching was mostly performed over the
whole body with significant differences between women and men (p < 0.001).

Table 2. General stretching practices.

Gender %% Practice level £

Descriptor Women Men Nat./Internat. Regional Recreative

For what reason? *

Wellness 2bed 56.2% (850) 43.4% (714) 14.3% (386) 14.1% (393)  18.7% (789)
Warm-up bed 50.3% (761)  49.6% (821)  17.2% (463) 17.7% (494)  14.8% (626)
Injury prevention 4 51.4% (778)  58.8% (973)  19.3% (521)  20.3% (567)  15.5% (654)
Gain flexibility b4 59.1% (894)  555% (919)  19.3% (520)  17.3% (484)  19.2% (810)
Recovery b 81.0% (1226) 69.3% (1147) 24.1% (650) 24.4% (682) 24.6% (1040)
Health 19.1% (289)  20.3% (336)  5.8% (157)  6.1% (171)  7.1% (302)
When? *

Before training b<d 44.7% (676)  45.3% (750)  19.6% (440) 19.3% (434)  19.7% (550)
During training <4 17.4% (263)  19.4% (322)  8.6% (193)  8.6%(193)  7.3% (203)
Aer trilir;?ag,éfompetl- 76.1% (1152) 68.9% (1141) 28.6% (641)  30.3% (681)  34.7% (970)
After series of train-
ing/competition bed
Dedicated sessions b<d  49.2% (745)  51.0% (845)  24.4% (547) 24.4% (549) 26.3% (736)
With what frequency?
Every day bed 10.3% (156)  9.0% (150)  13.6% (115)  6.4% (61) 9.4% (130)
During every training ¢ 28.6% (432)  24.5% (407)  21.8% (184)  26.3% (250)  29.4% (405)
1to 5 times a week 43.4% (655)  43.5% (722) 43.0% (363)  42.9% (408)  44.1% (607)
1 to 2 times per month ¢ 13.5% (204) 17.4% (289) 17.2% (145) 18.3% (174) 12.6% (174)
1to 6 times per year ¢ 4.2% (63) 5.6% (93) 4.3% (36) 6.1% (58) 4.4% (61)
What is the average duration of stretching exercises (total)?
<15 min. <4 41.2% (623) 40.6% (712)  47.8% (403)  54.7% (520)  29.9% (412)
Between 15 and 30 min.  27.3% (412)  27.4% (480)  24.9% (210)  28.1% (267)  30.1% (415)

Between 30 and 60min. g oo uue) 307% (539)  261% (220) 16.1% (153)  37.6% (518)

bcd

30.9% (468)  32.9% (544) 18.8% (422) 17.3% (388)  11.9% (334)

> 60 min. 2.0% (30) 1.3% (23) 1.2% (10) 1.2% (11) 2.3% (32)
What part of your body?
Lower 2 19.6% (277)  29.8% (494)  25.8% (217)  18.9% (294)  30.1% (260)

Upper ° 08%(12)  1.8%(29)  15%(13)  12%@44)  1.1%(17)
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Both » 79.5% (1124) 68.4% (1132)  72.7% (612)  79.8% (646) 67.9% (1098)
Values are presented as percentages and number of respondents (11). Questions with potential
multiple responses are shown (*). ¥¢ significant frequency distribution differences between women
and men except for stretching frequency and duration (p < 0.001). £££ significant frequency distri-
bution differences between practice levels for all questions (p < 0.001). Significant differences using
Z-scores for a given item between (*) women and men, (°) nat./internat. and regional, () nat./inter-
nat. and recreative and () regional and recreative (p < 0.05). Nat./Internat.: national/international
level.

3.3. Education and Supervision

Most respondents indicated not receiving any information during their education
(Figure 1) but that they often looked for information (~60%) while reading books (45.0%),
discussing with others (47.0%), or surfing the internet (34.5%). Two third of the individu-
als are not supervised during stretching. Women indicated they were more supervised
than men (p < 0.001). Similarly, national/international levels individuals indicated being
more supervised than the other levels (p < 0.001). Stretching was mostly supervised by
coaches (95.3%) then by health professionals (34.5%) and other athletes (24.7%). Responses
were similar between women and men (p = 0.134) but coaches mostly supervised stretch-
ing sessions in national/international individuals as compared to the other practice levels
(p <0.036). In contrast, most individuals responded receiving instructions (76.2%). No dif-
ference was obtained between women and men (p = 0.641) but national/international in-
dividuals obtained much more instructions than the others (p = 0.002). Instructions were
mostly given by coaches (92.8%) or health professionals (61.7%). Instructions were also
given during individuals' education (25.7%) or by other athletes (16.9%). No difference
was obtained between gender and practice level (p = 0.086 and p = 0.099, respectively).
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Figure 2. (A) Stretching modalities generally used as a function of gender. Percentages of "yes" are
shown and expressed as a function of the total number of respondents. Repartition between
women (black part of histogram) and men (white part of histogram) are also shown. (B) Stretching
modalities generally used as a function of practice level. Percentages of "yes" are shown and ex-
pressed as a function of the total number of respondents for a given practice level. Significant fre-
quency distribution differences between gender or practice level are shown (*: p <0.05, ** p < 0.01
and *** p <0.001). For oscillation, nat./internat. individuals were not different from recreative (Z-
score results). For contract-relax, no difference was obtained between regional and recreative indi-
viduals (Z-score results). PNF: proprioceptive neuromuscular facilitation. Nat./Internat.: na-
tional/international level.
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3.4. Stretching Modalities

In our study, 61.7% of the participants indicated knowing different stretching modal-
ities. The distribution of "yes" was greater in men than women (68.3% and 54.5%, respec-
tively, p < 0.001) and greater in national/international than recreative and regional indi-
viduals (70.0%, 64.9% and 54.9%, respectively, p < 0.001). For individuals responding
"yes", additional questions were provided. Individuals had to indicate whether they gen-
erally used these techniques (Figure 2) and to specify the expected effect (performance,
recovery, wellness or flexibility; Figure 3).
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Figure 3. Stretching modalities used for performance enhancement (A), for recovery (B), for wellness (C), and for flexibility
(D). Percentages of "yes" are shown and expressed as a function of the total number of respondents for a given practice
level. Significant frequency distribution differences between all practice level are shown (*: p <0.05, ** p <0.01 and *** p <
0.001). For panel A, no difference was observed between nat./internat. and regional for oscillation and between nat./inter-
nat. and recreative for PNF (Z-score results). For panel B, nat./internat. were not different than regional for active and
dynamic stretching and no difference was obtained between regional and recreative individuals for ballistic (Z-score re-
sults). For panel C, no difference was obtained between regional and recreative individuals (Z-score results). PNF: propri-
oceptive neuromuscular facilitation. Nat./Internat.: national/international level.

3.5. Injury

In our study, 45.1% of the respondents reported getting injured during the last 12
months (Table 3). Injury was more present in men than women (p < 0.001) and less in
recreative individuals (p <0.001). In case of injury, 47.4% responded that performing more
stretching would not have help them avoid being injured. National/international individ-
uals mostly indicated stretching would not have avoided their injuries (p = 0.004). In case
of no injury, 84.9% responded stretching was efficient to avoid injury or was likely
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efficient to avoid injury. Significant differences were observed between women and men
(p = 0.003) while no difference was obtained between practice level (p =0.172).

Table 3. Stretching and injury.

Gender % Practice level £
Descriptor Women Men Nat./Internat. Regional Recreative
Did you get injured during the last 12 months?
Yes acd 40.7% (683)  49.0% (915)  57.2% (514)  54.7% (579)  31.7% (505)
No <d 59.3% (994) 51.0% (954) 42.7% (384) 45.2% (478)  68.2% (1086)
Do you think stretching more could have avoided being injured? (in case of injuries)
Yes 2bed 26.2% (178)  36.0% (329)  26.8% (138)  34.5% (198)  33.9% (171)
No bed 51.0% (346)  44.8% (409)  52.9% (272)  46.8% (269)  42.4% (214)
No opinion ¢ 228% (155) 19.2% (175) 20.2% (104)  18.6% (107)  23.6% (119)
Do you think stretching contribute to the absence of injury? (if no injury)

Yes @ 45.6% (452)  41.9% (398) 47.6% (183)  42.7% (204)  42.8% (463)
No * 124% (123)  18.0% (171)  145% (56)  17.6% (84)  14.2% (154)
May be 42.0% (416)  40.2% (382)  37.7% (145)  39.6% (189)  42.9% (464)

Values are presented as percentages and number of respondents (n). ¥ significant frequency distri-
bution differences between men and women for all questions (p < 0.01). £ significant frequency
distribution differences between practice level except for the last question (p < 0.01). Significant
differences using Z-scores for a given item between (?) women and men, (®) nat./internat. and re-
gional, (°) nat./internat. and recreative and () regional and recreative (p < 0.05). Nat./Internat.: na-
tional/international level.

4. Discussion

The present study aimed to investigate the stretching general practices of athletes
from various sports or physical activity programs. Our results revealed that the large ma-
jority of athletes are not supervised during stretching exercises, but most received instruc-
tions from their coaches and are looking for information. Most conducted stretches at least
once a week with stretching sessions lasting less than 15 minutes, generally for recovery
after training sessions or competitions. Only 61.7% of the respondents knew the existence
of different stretching modalities. From these individuals, and contrarily to our hypothe-
sis, most favored the use of dynamic stretching for performance purposes and preferred
static stretching for flexibility, recovery or wellness. These general observations are partly
concordant with the literature [10,31,40]. Beside these conclusions seemed to reveal that
athletes generally followed stretching evidence-based recommendations, one should re-
member that 38.3% of the respondents were unable to differentiate stretching modalities
or terminologies.

4.1. Stretching Practices

The respondents of the present survey mostly felt the necessity to stretch to improve
flexibility and wellness. Firstly, it is well known that stretching increased flexibility (i.e.,
range of motion) and/or decreased stiffness [6,41-43]. Secondly, the assumptions for
health and wellness benefits were generally concordant with the literature. For instance,
multiple studies have tested the effects of stretching programs implemented in office set-
tings [44-47]. These studies were generally conclusive for significantly improved health-
related quality of life. However, the time to gain ratio could be questioned. Indeed,
stretching is only a part of general fitness programs that should include other components
such as strength or endurance. In a very recent paper, the author suggested to retire flex-
ibility from fitness programs [48] so as to partly save time and emphasize the other com-
ponents that could have more robust benefits for health.

Individuals also responded feeling the necessity to stretch to reduce muscle pain.
This result was congruent with the literature since recent evidences demonstrated the pos-
itive effects of stretching on pain sensitivity [49] with potential roles in endogenous pain
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inhibitory systems [50]. For that reason, 74.9% of the respondents indicated using stretch-
ing for recovery (i.e., performance or muscle soreness) and therefore after single or multi-
ple training sessions. However, no clear evidence demonstrated the positive effects of
stretching for recovery. Some authors observed small-to-moderate effects on perceived
muscle soreness and recovery of muscle function after eccentric exercises [51]. In contrast,
numerous studies demonstrated stretching was ineffective to decrease muscle soreness
[12,52,53] or prevent cramping [54]. When performed during inter-set recovery periods
during resistance training, stretching even negatively impacted neuromuscular perfor-
mance [55]. From the present results, we concluded that athletes apply stretching for re-
covery while the effects are not clearly evidenced by the scientific literature.

A similar conclusion is obtained while considering injury prevention. More than half
of the respondents indicated performing stretching for injury prevention. Surprisingly,
the practices and beliefs were somewhat conflicting. Indeed, only 38.4% indicated stretch-
ing was efficient for injury prevention (29.7% did not link stretching and injury and the
remaining 31.9% did not know). Interestingly, the results of the present survey for injury
were coherent with the literature. Indeed, while injury prevention was often cited to jus-
tify the use of stretching during pre-activity warm-up routines [5,9,10], the effects were
generally unclear with only limited beneficial results [13,56-59]. In addition, some authors
[58] indicated injury incidences were greater in very stiff or very flexible individuals. This
suggested that individuals should regularly conduct stretching programs (as revealed
here in most individuals) to gain or, at least, to maintain flexibility. This potential link
between flexibility and injury prevention was reflected by the present survey. While more
women indicated stretching contributed to the absence of injury as compared to men,
women and elite individuals indicated that additional stretching would not have avoided
injuries. We could speculate such response could be attributed to the subjective flexibility.
Indeed, although the direct link could not be verified, women and elite individuals gen-
erally estimated their flexibility as higher than the others. In addition, these individuals
stretched slightly more frequently while mostly responding looking for gains of flexibility
than men or regional level athletes. Obviously, additional analyses should be conducted
to link very detailed stretching programs (e.g., frequency, stretching technique, timing)
with the type of injury but also with the sport actually practice, training volume or age.

When performed during warm-up (before training or competition), the reasons for
using stretching were performance improvement, range of motion gains, or injury pre-
vention. The question of the effectiveness of stretching for performance is currently
widely documented. The literature generally agreed with the fact that short durations
stretching exercises could be performed within a comprehensive warm-up procedure
[5,10,37] and that dynamic stretching (slow conducted dynamic stretch) is recommended
[35]. Obviously, for some sports (such as gymnastics), flexibility is part of the performance
determinants and stretching should be included as a pre-exercise routine. Hopefully, the
authors previously demonstrated that the potential acute detrimental effects of stretching
are lower in individuals with greater flexibility [60]. Taken as a whole, these results were
contradictory with our initial hypothesis but were concordant with scientific recommen-
dations since individuals mostly reported stretching using short sessions with predomi-
nant dynamic or active stretching modalities [61]. Such encouraging finding is consistent
with the general coach practices recently documented [40]. Considering older studies
[39,62], it suggests that beliefs are positively evolving towards evidence-based practices.

Finally, half of the respondents indicated they performed stretching in dedicated ses-
sions. Interestingly, these specifically designed stretching sessions might favor flexibility
improvements while being focused on this training component. Moreover, it could limit
some detrimental effects of stretching (such as recovery or acute force decrements). For
instance, when stretching is performed for recovery, authors have suggested that it could
even have additional negative impacts leading to delayed onset muscle soreness (i.e., ec-
centric) [63,64]. Also, it might alleviate some detrimental performance effects when long
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duration stretches are programmed [65]. However, whether stretching should be recom-
mended during dedicated sessions requires further investigations.

4.2. Education and Supervision

From the sample considered, and as previously stated, most respondents performed
stretching exercises. Very few individuals received information during their education
and about half are looking for information while discussing with athletes, coaches or
health professionals. However, from the present survey, we cannot estimate the quality
of the information received (whether information is up to date). For instance, information
could more frequently be related to personal experiences (history of practices or empirical
beliefs of potential benefits or drawbacks) rather than scientific evidences [66,67].

Consistent with our hypothesis, the present results indicated that most individuals
are not supervised. However, more women were supervised than men. We can speculate
that such gender finding can be attributed to the sport performed. Indeed, 35.8% of
women performed dance/gymnastics or general fitness programs against only 4.6% of
men. These sports are well known to include extensive stretching programs for flexibility
improvements [68,69]. Obviously, coaches or physical trainers mostly supervised stretch-
ing exercises. In addition, national/international athletes were more supervised than re-
gional or recreational individuals. This level dependency was not surprising since per-
forming elite sport imposed more coaching professionalism with an exhaustive view of
all training components. However, despite this positive information, only 50% of na-
tional/international athletes were supervised during stretching sessions. According to
previous studies, supervision did not warrant appropriate practices. Authors have previ-
ously acknowledged that coaches could be hesitant to change their habits (for example
while suppressing static stretching from pre-activity routines) [39,62]. Moreover, ade-
quate supervision of stretching exercises (technique, volume, intensity) may be arduous
with large groups of athletes [39].

Although 62.9% of the individuals were not supervised, a large proportion (76.2%)
received instructions from coaches, physical trainers or health professionals. As for super-
vision, a practice level dependency was observed with more national/international ath-
letes receiving instructions. This result was apparently encouraging for better and ade-
quate stretching interventions. However, even with instructions, the predominant ab-
sence of supervision did not guarantee individuals would understand or follow the gen-
eral recommendations or use appropriate exercises and correct techniques or positioning
[70-72]. Supervision should be developed since it is well known to increase training effi-
ciency [73,74].

Most individuals acknowledged the existence of different stretching modalities. The
preferred and generally used stretching technique was static followed by dynamic stretch-
ing. In the present survey, general PNF techniques was intentionally divided into PNF,
contract-relax (concentric contraction preceding a stretch) and hold-relax (isometric con-
traction preceding a stretch). This apparent dupery revealed that respondents did not
know the term PNF whilst they seemed to practice the techniques. Previous studies
demonstrated different efficiency between stretching techniques [14-19]. However, other
studies failed to demonstrate any gold method to gain flexibility in sport or for rehabili-
tation [75,76]. Considering the general lack of supervision, we could recommend individ-
uals to use the simplest stretching techniques or the technique they usually practice avoid-
ing inappropriate intensity and positioning.

4.3. Study Limitations

Some limitations should be acknowledged. The data were collected using a self-re-
ported survey. It could include potential bias related to subjective aspects, terminology
understandings and generalization of the practices. Because this survey aimed to have an
overview of a general stretching practices, the specific and very detailed stretching pro-
cesses were not determined here. Detailed stretching exercises, duration, and intensity
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would have been of interest. Moreover, although the present survey was completed by
3546 individuals, more respondents would have increased the strength of our conclusions.
Increasing the number of respondents would have permitted to discriminate practices be-
tween age, type of sport or physical activity. Further investigations should be conducted
to determine the stretching practices and culture in depth in specific sports.

5. Conclusions

From the present survey, we concluded that stretching practices were partly in agree-
ment with the literature, for example while considering the modality used for perfor-
mance. In contrast and in disagreement with the recent literature, most individuals indi-
cated they perform stretching for recovery reasons. Education, instructions, and supervi-
sion should be developed to favor appropriate stretching intensity, technique, and posi-
tioning. Indeed, from the present survey, supervision appeared poorly provided. Elite
competitive individuals appeared more supervised and conducted slightly more ade-
quate and evidence-based stretching sessions. Other gender differences were noticed that
could be attributed to the practiced sport and subjective flexibility.

Supplementary Materials: The following is available online at www.mdpi.com/1660-
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