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Abstract

Background: The present study assessed the prevalence of non-contact muscle injuries of the lower limbs,
including hamstring injuries, in professional Russian soccer players who regularly perform Salah, an obligatory
Muslim prayer performed 5 times a day.

Methods: Using a retrospective cohort study design, 68 professional male soccer players (excluding goalkeepers),
34 of whom were Muslims regularly performing Salah (exposure group) and 34 were randomly chosen non-Muslim
players (control group), were included in the study. The groups were similar in their playing leagues, field positions,
age (27 ± 3.1 vs 28 ± 4.2 years), and body mass index (22 ± 1.2 vs 23 ± 0.92 kg/m2).

Results: The incidence of hamstring injury was significantly lower in the exposure group (2 vs 14, p = 0.0085).
A declining trend for the number of muscle injuries (either hamstring or not) was observed in the exposure
group (11 vs 27, p = 0.0562). Two players in the exposure group and 11 in the control group (p = 0.0115,
OR 0.1307, 95% CI 0.0276 to 0.5698) suffered a hamstring injury, with no statistically significant difference in
the occurrence of other injuries. The total amount of the training and play days missed because of hamstring
and other muscle injuries was significantly lower in the exposure group (24 vs 213 days, p = 0.0043, and 200
vs 344 days, p = 0.0066, respectively).

Conclusion: The prevalence of non-contact muscle injuries, including hamstring injuries, was lower in
professional Russian soccer players who regularly performed Salah.
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Background
Thirty-one to 41% of all injuries in soccer involve the
muscles, with most occurring in the thigh [1–3]. The
hamstring muscles (comprising the biceps femoris, semi-
membranosus, and semitendinosus muscles) account for
up to 37% of all muscle injuries in soccer players, a
number on the increase. The second and third most
prevalent injuries are the injuries of the adductor mus-
cles of the hip and the quadriceps femoris muscle (23%
and 19%, respectively) [4, 5]. During a competitive sea-
son, a professional European soccer team is expected to
experience approximately 15 muscle injuries, 4–6 of
which will affect the hamstrings. Although often of little
clinical relevance, these injuries do impact negatively on
athletes, who on average are not able to play in 3–4
games and require about 14 days to return to sport [2,
6]. In addition, recurrence of muscle injuries is common,
with a prevalence from 16 to 24% [7, 8].
Age, previous history of injuries, imbalance between

strength and flexibility, and decrease in both eccentric
power and mobility all play an important role in non-
contact muscle injury [9]. Eccentric exercises aimed at
hamstrings are currently considered the best method to
prevent their injury [10, 11]. Most often, muscle injuries
occur during eccentric contraction [12, 13], and eccen-
tric exercises should be included in training programs to
prevent muscle injury. Some studies highlighted the as-
sociation between lumbar and pelvic mobility and the
frequency of hamstring injury [14].
Considering the high prevalence of injuries among pro-

fessional soccer players, injury prevention is a pressing
problem in sports medicine, and specific programs have
been developed for this purpose [11]. In addition, there is
great interest in predicting hamstring injury [15, 16].
Salah (also called Salat and Namaz) is a traditional

Muslim prayer. In traditional Islam, Salah is performed
five times a day. Each Salah consists of a set of repeated
movements called Rakats. Up to 48 Rakats may be per-
formed daily, and at least 17 of them are mandatory.

Rakat consists of a specific sequence of 7 to 9 postures
[17]. Compulsory Salah (so-called Fard) includes 5 sets
of prayer movement sequences: Fajr (the dawn prayers—
2 sets), Zuhr (the afternoon prayer—4 sets), Asr (the late
afternoon prayer—4 sets), Maghrib (the evening
prayer—3 sets), and Isha (the night prayer—4 sets).
Overall, a Sunni Muslim should repeat the prayer move-
ments at least 17 times every day [18]. Therefore, the
overall number of postures taken when performing Salah
cannot be less than 119 per day [19]. Each of the nine
postures has a specific duration, which varies from 3–4
to 40–60 s.
The specific posture sequence and duration are as fol-

lows: Takbir (standing, 3–4 s), Qayyam (standing, 40–60 s),
Ruku (bowing, 10–12 s), Qayyam (standing, 5–6 s), Sajdah
(prostration, 10–12 s), Jalsа (sitting, 6–8 s), Sajdah (prostra-
tion, 10–12 s), Jalsa (sitting, 40–60 s), and Salam (sitting
with head turns to the right and to the left, 3–4 s).
The regular practice of Salah may positively impact an

individual’s health, including the health of the musculo-
skeletal, cardiovascular, and nervous systems [14, 20–22].
Jalsa, Ruku, and Sajdah postures involve all the mus-

cles of the lower limb and the lumbosacral spine, as well
as all the large joints (Fig. 1). Most of the movements in
these postures involve eccentric loading of certain mus-
cles of the lower limbs. The total time spent in these
postures during the day is at least about 20 min.
Ruku (bowing) posture strengthens the back and in-

creases hip mobility and the mobility of the popliteus
tendon. It reduces spinal, back, and neck stiffness and
helps to improve body posture, balance, and coordin-
ation. Performing movements similar to Ruku positively
affects the lower spine and body stability [23].
Jalsa (sitting) posture leads to the extension of the

muscles of the shins and buttocks and to the maximum
flexion of the knee joint [24]. This and similar postures
reinforce the core and muscles and the muscles of the
lower back, an important factor in preventing the devel-
opment of pain in this region [25]. The regular

Fig. 1 Jalsa, Ruku, and Sajdah postures
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performance of Salah by soccer players may affect their
rate of muscle injuries.
The goal of this study was to assess the prevalence of

non-contact muscle trauma in professional soccer
players who regularly perform Salah. We wished to test
the null hypothesis of no difference in the rate of preva-
lence of lower limb muscle injuries in players who per-
formed Salah and players who did not.

Methods
The study was approved by the local Ethics Committee
of Sechenov First Moscow State Medical University with
the number N 11-19. This retrospective study involved
two cohorts of participants. Professional male soccer
players from the two major Russian soccer leagues (the
Russian Premier League (RPL) and the Football National
League (FNL)) were included. The exposure group in-
cluded 34 Muslim players who regularly performed the
five daily prayers, with a minimum of 17 Rakats every
day. The control group included 34 randomly selected
non-Muslim soccer players from the same soccer teams.
Goalkeepers were not included in the study given the re-
quirements of their playing position and training
methods. Given the objectives of the study, the commit-
ment to Salah, and not religion in and by itself, was se-
lected as the inclusion criterion.
Data on non-contact muscle injuries suffered by

players during the season were selected as the primary
outcome. The season lasted from July 28, 2018, to May
26, 2019, for the RPL and from July 17, 2018, to May 25,
2019, for the FNL. The data on the characteristics of in-
juries studied in the present investigation included the
presence of non-contact injuries of the hamstring mus-
cles, other non-contact muscle injuries of the lower ex-
tremities, and all other injuries of the lower limbs (both
contact and non-contact), as well as the duration before
returning to regular training activity after suffering non-
contact muscle injuries.
Statistical analysis was performed using the GraphPad

Prism application version 8.0.0 for Mac OS X. No im-
putation or substitution of missing values was per-
formed. The normality of the collected quantitative data
(i.e., age and BMI) was tested using the Kolmogorov-
Smirnov test. Normally distributed data were described
using mean (M), standard deviation (SD), and min-max
ranges. For other distributions, median (Me), interquar-
tile (Q1–Q3), and min-max ranges were used.
A two-sample independent t test with Welch’s correc-

tion for unequal variances was used to assess the inter-
group differences in case of normal distribution. The
Mann-Whitney U test was used to assess the signifi-
cance of intergroup differences for non-normal distribu-
tion. The difference between means with standard

deviation and 95% confidential intervals of the difference
between medians was given.
Categorical data (i.e., player position, league affiliation,

outcomes) were described using frequency charts show-
ing an absolute value and its percentage share. Fisher’s
two-tailed exact test was used to assess the intergroup
differences. The odds ratios (OR) are provided along
with the 95% confidence intervals (95% CI) calculated
using the Baptista-Pike method. The chi-squared test
was used to test the differences in 3 × 2 contingency ta-
bles. Values at p < 0.05 were considered statistically sig-
nificant. The total number of injuries and the number of
missed training or play days were recorded for each of
the groups studied. The Mann-Whitney U test was used
to test the significance of the observed difference.

Results
The descriptive summary of the subjects of the study is
presented in Table 1. There were no differences in age
(difference between means is 0.2941 ± 0.891; p =
0.7426), BMI (difference between means is 0.1462 ±
0.254; p = 0.5670), total games played (95% of median
difference − 2 to 5; p = 0.2857), played minutes (95% of
median difference − 22 to 618, p = 0.0722), player pos-
ition (p = 0.2043), and league affiliation (p > 0.9999) be-
tween the players of the two groups.
The incidence of hamstring injury was significantly

lower in the Salah group (2 vs 14, p = 0.0085) (Table 2).
A declining trend for the number of muscle injuries’
general amount (either hamstring or not) was observed
in the Salah group (11 vs 27, p = 0.0562).
The number of players who received one, two, or three

and more non-contact muscle injuries was calculated for
both groups and is presented in Table 3.
The total number of injured players with hamstring

trauma was significantly lower in the Salah group (2 vs
11, p = 0.0115; OR 0.1307, 95% CI 0.0276 to 0.5698).
There was no statistically significant difference in the

total number of injuries (including non-muscle injuries)
between the observed groups.
The data on the total number of missed training and

play days caused by injuries is presented in Table 4.
The Salah group players also missed less training and

play days due to injury of the hamstring or other mus-
cles (see Table 4). The observed total time difference
was 24 vs 213 days for hamstring injuries (p = 0.0043)
and 200 vs 344 (p = 0.0066) for the general number of
muscle injuries.

Discussion
The main finding of this investigation is that the preva-
lence of non-contact muscle injuries, including those to
the hamstring muscles, is lower in soccer players who
regularly perform Salah.
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Although the reasons for such finding is likely to be
multifactorial, we hypothesize that the eccentric length-
ening of the muscles of the lower limbs during certain
movements undertaken several times per day during
prayers plays a major role. The positive effect of per-
forming Salah on the muscles of the lower limbs has
been shown in previous studies, but such investigations
were not conducted on athletes [26, 27].
Various injury prevention programs in soccer players

have produced a reduction in both the overall injury rate
and the hamstring injury rate [17, 28, 29].
Salah, a religious practice, includes a set of movements

in a codified sequence. If performed daily, they can posi-
tively affect the joint mobility in the knee, hip, and ankle
joints, as well as the lumbar and cervical spine [12]. The
movements performed during Salah are similar to the
eccentric exercises aimed at the hamstrings [30, 31], as
well as with the classic hatha yoga postures (“asanas”).
However, in general, the movements performed during
Salah are easier to perform and do not require special
skills and are undertaken by the players independent
from their training regimen [17].
We are aware that the prevalence of non-contact

muscle injuries depends not just on performing specific
exercises, but also on the age, number of days between

matches, and history of previous injuries [30, 32]. One of
the factors that may influence the prevalence of muscle
injury may be alcohol consumption, which is likely to be
significantly lower in Muslim football players than in the
control group [33–35].

Table 1 Overview of the characteristics of the subjects participating in the study

Salah group (n = 34) Control group (n = 34) p value

Age (M ± SD; min–max) 27 ± 3.1; 21–32 28 ± 4.2; 20–34 0.7426

BMI (M ± SD; min–max) 22 ± 1.2; 20–25 23 ± 0.92; 21–24 0.5670

Games (Me; Q1–Q3; min–max) 23; 17–27; 10–36 24; 22–27; 10–36 0.2857

Play minutes (Me; Q1–Q3; min–max) 1528; 987–2020; 705–2876 2033; 1444–2350; 827–3195 0.0722

Player position

Defender, n (%) 9 (26) 16 (47) 0.2043#

Midfield, n (%) 19 (56) 13 (38)

Forward, n (%) 6 (18) 5 (15)

League

Russian Premier League, n (%) 24 (71) 23 (68) > 0.9999##

Football National League, n (%) 10 (29) 11 (32)
#Chi-square test
##Exact Fisher’s test

Table 2 The total number of injuries in both groups

Salah group (n = 34) Control group (n = 34) p value

Hamstring
injuries (n)

2 14 0.0085

General
muscle
injuries (n)

11 27 0.0562

Non-muscle
injuries (n)

16 12 0.4879

All traumas (n) 27 39 0.3234

Table 3 The number of injured players

Salah group
(n = 34)

Control group
(n = 34)

p value

Total injuries

Total injured players,
n (%)

21 (62) 20 (59) > 0.9999

One injury, n (%) 16 (47) 7 (21) 0.0392

Two injuries, n (%) 4 (12) 8 (24) 0.3405

Three or more injuries,
n (%)

1 (3) 5 (15) 0.1974

Hamstring muscle injuries

Total injured players, n (%) 2 (6) 11 (32) 0.0115

One injury, n (%) 3 (9) 9 (26) 0.1092

Two injuries, n (%) 0 1 (3) > 0.9999

Three or more injuries,
n (%)

0 1 (3) > 0.9999

Other muscle injuries

Total injured players, n (%) 11 (32) 17 (44) 0.2177

One injury, n (%) 11 (32) 9 (26) 0.7906

Two injuries, n (%) 0 5 (15) 0.0534

Three or more injuries,
n (%)

0 2 (6) 0.4925

Non-muscle injuries

Total injured players, n (%) 13 (38) 10 (29) 0.6088

One injury, n (%) 11 (32) 8 (24) 0.5896

Two injuries, n (%) 1 (3) 2 (6) > 0.9999

Three or more injuries,
n (%)

1 (3) 0 > 0.9999
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On the negative side, one of the prayers is performed at
night and the other before sunrise. This can negatively affect
the quality and duration of sleep and be a negative factor for
physical performance and injury occurrence [36, 37]. In the
present study, the possible effects of sleep quality, diet, and
alcohol consumption were not assessed. Future studies will
be needed to clarify these issues.
Several techniques have been proposed for treating

hamstring injury. Some authors proposed the use of
platelet-rich plasma [38, 39] or surgical treatment [40],
but depending on the degree of damage, the treatment is
quite time-consuming.
We are aware that this is not a randomized study. For

religious reasons, Muslim players would not be able to
participate in a study where they were asked not to be
allowed to pray, and non-Muslim players may not give
consent to undertake exercise late at night and before
dawn. In addition, the randomized approach to the se-
lection of the control group for the observational study
may contain flaws that bias the final estimate. Prospect-
ive cohort studies are the preferred design for observa-
tional studies in soccer players as per the guidelines of
the Union of European Football Associations [7]. Poten-
tial confounders, including total time played in matches
and spent during practice as well as field position etc.,
are a further limitation of the present study. The retro-
spective nature of the study and the mode of data collec-
tion do not allow to determine some important features
of muscle injuries, such as time to first trauma and haz-
ard rate. Therefore, the results of this study should be
regarded as preliminary and interpreted with caution.
Nevertheless, the data collated seem compelling and
may be used to inform larger prospective investigations.

Conclusions
The prevalence of non-contact muscle injuries, including
hamstring injuries, was lower in professional Russian
soccer players who regularly performed Salah. Larger
prospective investigations are required to confirm the
data obtained in this retrospective study.

Abbreviations
RPL: Russian Premier League; FNL: Football National League; BMI: Body mass
index; OR: Odds ration; CI: Confidence interval

Acknowledgements
Not applicable

Authors’ contributions
Conceptualization: EB, MB, AVL, and AML Methodology: MB, AVL, and EA
Software: VK and EA Validation: OT, NM, and EA Formal analysis: EB, AVL., and
VK Investigation: OT, MB, AVL, and VK Resources: OT, MB, AML, and EA Data
curation: VK, NM, and EA Writing—original draft preparation: EB, AML, ZW,
TR, PTN, and BK Writing—review and editing: OT, ZW, TR, PTN, NM, and BK
Visualization: not applicable. Supervision: EB Project administration: EB. The
author(s) read and approved the final manuscript.

Funding
This research received no external funding.

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

Ethics approval and consent to participate
The study was approved by the local Ethics Committee of Sechenov First
Moscow State Medical University with the number N 11-19.

Consent for publication
Not applicable

Competing interests
The authors declare no conflict of interest.

Author details
1Sechenov First Moscow State Medical University (Sechenov University),
Moscow, Russian Federation. 2Federal Research and Clinical Center of Sports
Medicine and Rehabilitation of Federal Medical Biological Agency, Moscow,
Russian Federation. 3High Performance Sports Laboratory, Moscow Witte
University, Moscow, Russian Federation. 4Moscow State University of
Medicine and Dentistry, Moscow, Russian Federation. 5FC Spartak, Moscow,
Russian Federation. 6“Smart Recovery” Clinic, Moscow, Russian Federation.
7FC Zenit Saint Petersburg, Saint Petersburg, Russian Federation. 8Institute of
Sport Science, Jerzy Kukuczka Academy of Physical Education, Katowice,
Poland. 9Institute of Primary Care, University of Zurich, Zurich, Switzerland.
10Exercise Physiology Laboratory, Nikaia, Greece. 11Medbase St. Gallen Am
Vadianplatz, St. Gallen, Switzerland. 12Department of Musculoskeletal
Disorders, Faculty of Medicine, Surgery and Dentistry, University of Salerno,
Via S. Allende, 84081 Baronissi, SA, Italy. 13Centre for Sports and Exercise
Medicine, Barts and The London School of Medicine and Dentistry, Mile End
Hospital, Queen Mary University of London, 275 Bancroft Road, London E1
4DG, England. 14School of Pharmacy and Bioengineering, Keele University
Faculty of Medicine, Thornburrow Drive, Stoke-on-Trent, England.

Received: 21 February 2020 Accepted: 10 September 2020

References
1. Jones A, Jones G, Greig N, Bower P, Brown J, Hind K, Francis P.

Epidemiology of injury in English professional football players: a cohort
study. Phys Ther Sport. 2019;35:18–22. https://doi.org/10.1016/j.ptsp.2018.10.
011.

2. Ekstrand J, Hägglund M, Waldén M. Epidemiology of muscle injuries in
professional football (soccer). Am J Sports Med. 2011;39:1226–32. https://doi.
org/10.1177/0363546510395879 Epub 2011 Feb 18.

3. Maffulli N, Oliva F, Frizziero A, et al. ISMuLT Guidelines for muscle injuries.
Muscles Ligaments Tendons J. 2014;4:241–9.

4. López-Valenciano A, Ruiz-Pérez I, Garcia-Gómez A, Vera-Garcia FJ, De Ste
Croix M, Myer GD, Ayala F. Epidemiology of injuries in professional football:
a systematic review and meta-analysis. Br J Sports Med. 2019. https://doi.
org/10.1136/bjsports-2018-099577.

5. Ekstrand J, Waldén M, Hägglund M. Hamstring injuries have increased by
4% annually in men’s professional football, since 2001: a 13-year
longitudinal analysis of the UEFA Elite Club Injury Study. Br J Sports Med.
2016;50:731–7. https://doi.org/10.1136/bjsports-2015-095359.

Table 4 The total number of training and play days missed due
to injury

Salah group
(n = 34)

Control group
(n = 34)

p value

Hamstring injuries (n) 24 213 0.0043

General muscle injuries (n) 200 344 0.0066

Non-muscle injuries (n) 148 335 0.7469

All traumas (n)a 348 679 0.4285
aNot equal to the sum of three preceding rows as combined injuries were
observed in several cases.

Bezuglov et al. Journal of Orthopaedic Surgery and Research          (2020) 15:440 Page 5 of 6

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



6. Fouasson-Chailloux A, Menu P, Mesland O, Guillodo Y, Crenn V, Dauty M.
Evolution of isokinetic strength and return to sport after proximal hamstring
rupture without surgical repair: a retrospective series of cases. Muscles
Ligaments Tendons J. 2019;3. https://doi.org/10.32098/mltj.02.2019.03.

7. Reurink G. Managing acute hamstring injuries in athletes. Br J Sports Med.
2017;51:614–5. https://doi.org/10.1136/bjsports-2016-096887.

8. Elliott MCCW, Zarins B, Powell JW, Kenyon CD. Hamstring muscle strains in
professional football players: a 10-year review. Am J Sports Med. 2011;39:
843–50. https://doi.org/10.1177/0363546510394647.

9. Petersen J, Thorborg K, Nielsen MB, Budtz-Jørgensen E, Hölmich P.
Preventive effect of eccentric training on acute hamstring injuries in men’s
soccer: a cluster-randomized controlled trial. Am J Sports Med. 2011;39:
2296–303. https://doi.org/10.1177/0363546511419277.

10. Shield AJ, Bourne MN. Hamstring injury prevention practices in elite sport:
evidence for eccentric strength vs. lumbo-pelvic training. Sports Med. 2018;
48:513–24. https://doi.org/10.1007/s40279-017-0819-7.

11. Thorborg K, Krommes KK, Esteve E, Clausen MB, Bartels EM, Rathleff MS.
Effect of specific exercise-based football injury prevention programmes on
the overall injury rate in football: a systematic review and meta-analysis of
the FIFA 11 and 11+ programmes. Br J Sports Med. 2017;51:562–71. https://
doi.org/10.1136/bjsports-2016-097066.

12. Lindstedt SL, LaStayo PC, Reich TE. When active muscles lengthen:
properties and consequences of eccentric contractions. News Physiol Sci.
2001;2001(16):256–61.

13. Dolman B, Verrall G, Reid I. Physical principles demonstrate that the biceps
femoris muscle relative to the other hamstring muscles exerts the most
force: implications for hamstring muscle strain injuries. Muscles Ligaments
Tendons J. 2014;3:371–7 Published 2014 Nov 17.

14. Osama M, Malik RJ. Salat (Muslim prayer) as a therapeutic exercise. J Pak
Med Assoc. 2019;69:399–404.

15. Dauty M, Menu P, Fouasson-Chailloux A, Ferréol S, Dubois C. Prediction of
hamstring injury in professional soccer players by isokinetic measurements.
Muscles Ligaments Tendons J. 2016;6:116–23. Published 2016 May 19.
https://doi.org/10.11138/mltj/2016.6.1.116.

16. Guillodo Y, Here-Dorignac C, Thoribé B, et al. Clinical predictors of time to
return to competition following hamstring injuries. Muscles Ligaments
Tendons J. 2014;4:386–90 Published 2014 Nov 17.

17. Sayeed SA, Prakash A. Islamic prayer (Salah/Namaz) and yoga togetherness
in mental health. Indian J Psychiatry. 2013;55:224–30. https://doi.org/10.
4103/0019-5545.105537.

18. Kamran G. Physical benefits of (Salah) prayer - strengthen the faith & fitness.
J Nov Physiother Rehabil. 2018;2:043–53. https://doi.org/10.29328/journal.
jnpr.1001020.

19. Imamoglu O, Dilek AN. Common benefits of prayer and yoga on human
organism. Int J Sci Culture Sport. 2016. https://doi.org/10.14486/IntJSCS587.

20. Doufesh H, Ibrahim F, Ismail NA, Wan Ahmad WA. Effect of Muslim prayer
(salat) on alpha electroencephalography and its relationship with
autonomic nervous system activity. J Altern Complement Med. 2014;20:558–
62. https://doi.org/10.1089/acm.2013.0426.

21. Doufesh H, Ibrahim F, Safari M. Effects of Muslims praying (Salat) on EEG
gamma activity. Complement Ther Clin Pract. 2016;24:6–10. https://doi.org/
10.1016/j.ctcp.2016.04.004.

22. Ibrahim F, Sian TC, Shanggar K, Razack AH. Muslim prayer movements as an
alternative therapy in the treatment of erectile dysfunction: a preliminary
study. J Phys Ther Sci. 2013;25:1087–91. https://doi.org/10.1589/jpts.25.1087.

23. Snook SH, Webster BS, McGorry RW, Fogleman MT, McCann KB. The
reduction of chronic nonspecific low back pain through the control of early
morning lumbar flexion: a randomized controlled trial. Spine (Phila Pa 1976).
1998;23:2601–7.

24. Sharifudin MA, Arshad AA, Johari MH, Rahman NA. The study on range of
motion of hip and knee in prayer by adult Muslim males. A preliminary
report. Int Medical J Malaysia. 2015;14:49–58.

25. Akuthota V, Ferreiro A, Moore T, Fredericson M. Core stability exercise
principles. Curr Sports Med Rep. 2008;7:39–44. https://doi.org/10.1097/01.
CSMR.0000308663.13278.69.

26. Mohd Safee MK, Wan Abas WAB, Ibrahim F, Abu Osman NA, Abdul Malik
NA. Electromyography activity of the rectus femoris and biceps femoris
muscles during prostration and squat exercise. Int J Bioengineering Life Sci.
2014;8:859–63. https://doi.org/10.5281/zenodo.1099010.

27. Safee MKM, Abas WABW, Fatimah I, Noor Azuan AO, Salahuddin MHR.
Electromyographic activity of the lower limb muscles during salat and

specific exercises. J Phys Ther Sci. 2012;24:549–52. https://doi.org/10.1589/
jpts.24.549.

28. Al Attar WSA, Alshehri MA. A meta-analysis of meta-analyses of the
effectiveness of FIFA injury prevention programmes in soccer. Scand J Med
Sci Sports. 1846-1855;2019:12. https://doi.org/10.1111/sms.13535.

29. Sadigursky D, Braid JA, De Lira DNL, Machado BAB, Carneiro RJF, Colavolpe
PO. The FIFA 11+ injury prevention program for soccer players: a systematic
review. BMC Sports Sci Med Rehabil. 2017;9:18. https://doi.org/10.1186/
s13102-017-0083-z.

30. Frizziero A, Trainito S, Oliva F, Nicoli Aldini N, Masiero S, Maffulli N. The role
of eccentric exercise in sport injuries rehabilitation. Br Med Bull. 2014;110:
47–75. https://doi.org/10.1093/bmb/ldu006.

31. Malliaropoulos N, Mendiguchia J, Pehlivanidis H, Papadopoulou S, Valle X,
Malliaras P, Maffulli N. Hamstring exercises for track and field athletes: injury
and exercise biomechanics, and possible implications for exercise selection
and primary prevention. Br J of Sports Med. 2012;46:846–51. https://doi.org/
10.1136/bjsports-2011-090474.

32. Oakley AJ, Jennings J, Bishop CJ. Holistic hamstring health: not just the
nordic hamstring exercise. Br J Sports Med. 2018;52:816–7. https://doi.org/
10.1136/bjsports-2016-097137.

33. Shirreffs SM, Maughan RJ. The effect of alcohol on athletic performance.
Curr Sports Med Rep. 2006;5:192–6.

34. Maughan RJ. Alcohol and football. J Sports Sci. 2006;24:741–8. https://doi.
org/10.1080/02640410500482933.

35. Cofan M, Nicolas JM, Fernandez-Sola J, Robert J, Tobias E, Sacanella E,
Estruch R, Urbano-Marquez A. Acute ethanol treatment decreases
intracellular calcium-ion transients in mouse single skeletal muscle fibres
in vitro. Alcohol Alcohol. 2000;35:134–8.

36. Fullagar HH, Duffield R, Skorski S, Coutts AJ, Julian R, Meyer T. Sleep and
recovery in team sport: current sleep-related issues facing professional
team-sport athletes. Int J Sports Physiol Perform. 2015;10:950–7. https://doi.
org/10.1123/ijspp.2014-0565.

37. Halson SL, Juliff LE. Sleep, sport, and the brain. Prog Brain Res. 2017;234:13–
31. https://doi.org/10.1016/bs.pbr.2017.06.006.

38. Bezuglov E, Maffulli N, Tokareva A, Achkasov E. Platelet-rich plasma in
hamstring muscle injuries in professional soccer players. A pilot study.
Muscles Ligaments Tendons J. 2019;9:112–8. https://doi.org/10.32098/mltj.
01.2019.20.

39. Guillodo Y, Madouas G, Simon T, Le Dauphin H, Saraux A. Platelet-rich
plasma (PRP) treatment of sports-related severe acute hamstring injuries.
Muscles Ligaments Tendons J. 2016;5:284–8. Published 2016 Feb 13. https://
doi.org/10.11138/mltj/2015.5.4.284.

40. Oliva F, Via AG, Kiritsi O, Foti C, Maffulli N. Surgical repair of muscle
laceration: biomechanical properties at 6 years follow-up. Muscles
Ligaments Tendons J. 2014;3:313–7 Published 2014 Feb 24.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Bezuglov et al. Journal of Orthopaedic Surgery and Research          (2020) 15:440 Page 6 of 6

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



1.

2.

3.

4.

5.

6.

Terms and Conditions
 
Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature”). 
Springer Nature supports a reasonable amount of sharing of  research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial. 
These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply. 
We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy. 
While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not: 
 

use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access

control;

use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is

otherwise unlawful;

falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in

writing;

use bots or other automated methods to access the content or redirect messages

override any security feature or exclusionary protocol; or

share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal

content.
 
In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository. 
These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved. 
To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose. 
Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties. 
If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at 
 

onlineservice@springernature.com
 

mailto:onlineservice@springernature.com

