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Abstract

Purpose. The Nordic hamstring exercise (NHE) has been shown to be successful in reducing hamstring muscle
injury (HMI), which is one of the most common non-contact injuries of the lower limbs. This is especially pertinent
in sports that require acceleration, maximal sprints, and sudden changes in the direction of running and sprinting,
such as soccer and rugby. This study aimed to evaluate the awareness, implementation, and opinions of athletes
worldwide regarding the effectiveness of NHE in preventing hamstring injury.

Materials and methods. A self-administered questionnaire was distributed to 1500 athletes from different sports. The
survey consisted of six questions covering country, gender, type of sport, awareness, implementation, and opinions of
athletes worldwide regarding the effectiveness of NHE in preventing hamstring injury. The survey was available in ten

different languages.

Results. A total of 1142 male and female athletes from different sports participated in the survey. More than half of
the athletes 641 (56%) were aware of NHE, and only 519 (45.4%) were implementing NHE in their current training
routines. Athletes who implemented NHE reported a positive opinion regarding the program’s effectiveness with a

score of 8.4 + 1 out of 10.

Conclusions. Many athletes were aware of NHE and implemented it in their training routine since they found it to be
effective in decreasing hamstring injury rates. However, additional work must be done to educate athletes about the
importance of implementing this exercise and its effectiveness in preventing hamstring injury.
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Introduction

The most common lower limb injuries in sports are
hamstring muscle injuries (HMIs), which occur in sports
involving high-speed running, such as rugby, baseball,
basketball, soccer, and American football. HMIs are
considered the most common noncontact injuries in these
sports. However, they can also occur due to direct trauma
to the muscle fibers (Reurink et al., 2014). Ueblacker et
al. (2015) investigated the incidence of direct and indirect
HMIs in 1981 players who were followed prospectively from
2001 to 2013; they scored 2287 HMIs and found that 88% of
the injuries were indirect and 12% were direct.
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There are two types of HMIs: stretch-type and sprint-
type HMIs (Ekstrand et al., 2012). Stretch-type injuries are
caused by a slow or sudden uncontrolled stretch that can
occur in sports, such as dancing, gymnastics, and water
skiing (Ekstrand et al., 2012). These injuries occur in the
proximal free tendon of the semimembranosus muscle. In
contrast, sprint-type injuries often occurin sports thatinvolve
running and cutting, such as Australian football, American
football, soccer, and rugby (De Vos et al., 2014). Sprint-type
HMISs usually occur in the late swing phase during sprinting
when the hamstring submaximally stretches over the knee
joint before the foot hits the ground (Chumanov et al., 2011).

Hamstring muscle injuries typically occur along the
proximal musculotendinous junction but may also occur
anywhere in the muscle belly between the origin and insertion
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(Ropiaketal.,2012). The severity of the injury can be estimated
according to the number of days the athlete remains absent
from training sessions or matches and is classified into four
levels: minimal, 0-3 days; mild, 4-7 days; moderate, 8-28 days;
and severe, >28 days (Hagglund et al., 2018).

HMIs represent one-third of all muscle strains and
11% of all injuries. Approximately 14% of these HMIs can
result in re-injury (Dadebo et al., 2004). In a prospective
cohort study, Yeung et al. (2009) investigated the incidence
of HMIs in competitive sprinters, and they found that eight
of 44 sprinters had sustained hamstring injury over the
season at a rate of 0.9 per 1000 h of exposure. An analysis
of 23 European professional soccer teams from 2007 to 2011
revealed 516 HMISs, representing 11% of all injuries and one-
third of all muscle strains (Ekstrand et al., 2012; Dadebo et
al., 2004; Ekstrand et al., 2016).

In a longitudinal analysis of 36 clubs in 12 European
countries, 1614 HMIs were recorded from 2001 to 2014, and
while the overall prevalence of recorded injuries increased
by 2.3% every year, HMIs recorded a 4% increase per year
(Ekstrand et al., 2016).

The Nordic hamstring exercise (NHE) has been shown
to be effective in increasing eccentric strength. For example,
4-10 weeks of NHE can result in an eccentric strength
gain of approximately 11% to 21% with no significant
concentric strength gains, and after a 6-week intervention,
neural adaptations occurred, resulting in higher hamstring
muscle activation during the NHE (Delahunt et al., 2016). In
another study, a single NHE training session was followed by
an immediate shift (7.7°) in optimum knee flexion torque,
which was sustained for ten days post-exercise, and the peak
eccentric hamstring torque was unchanged following 4- and
6-week NHE interventions (Seymore et al., 2017). Moreover,
a 12-week NHE program decreased the rate of hamstring
injury by 65% to 70% (Lovell et al., 2018).

Changes in the architectural characteristics of the
biceps femoris long head (BFlh) after eccentric strength
training with NHE, followed by a detraining period, were
studied after eight weeks of NHE training. The findings
showed an increase in the fascicle length (FL) of BFlh by
32.9%, increased muscle thickness (MT), and a decrease in
the pennation angle (PA), whereas the 4-week subsequent
detraining showed a decrease in FL and MT as well as an
increase in PA. Therefore, the authors concluded that the
NHE causes alterations in the architecture of the BFlh, and
this change facilitates injury prevention and rehabilitation.

The NHE can be easily performed by any athlete
(Alonso-Fernandez et al., 2018) with different protocol
periods; pre-training protocols for 4 weeks (Brughelli et al.,
2010), 6 weeks (Seymore et al., 2017), 8 weeks (Aktug et al.,
2018), 10 weeks (Rey et al., 2017), or up to 12 weeks (Lovell
et al., 2018) all have similar effects, which is an increase in
the FL of BFlh that could be due to an increase in the length
of sarcomeres after eccentric strength training (Alonso-
Fernandez et al., 2018). Even the 4-week NHE protocol
was found to be effective in decreasing the risk factors
for hamstring muscle injury in young adults, and short-
term NHE training (4 weeks, twice a week, three sessions,
9-10 repetitions) with post-training assessments of knee
flexor and extensor strength and flexibility showed that the
training program reduced many HMI risk factors in young
adults (Ribeiro-Alvares et al., 2018).
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Al Attar etal. (2017) conducted a meta-analysis to evaluate
the effect of injury prevention programs that include NHE on
hamstring injury rates in soccer players and concluded that
these injury prevention programs are effective in decreasing the
risk of HMIs among soccer players, and per 1000 h of exposure,
the teams adopting injury prevention programs with NHE
showed a 51% reduction in HMIs than teams that did not adopt
any injury prevention measures. In a study of 40 amateur soccer
teams that compared the injury rates in teams performing NHE
and in others that did not, the authors concluded that adopting
the NHE for 13 weeks with regular training significantly
reduced injury rates (Van der Horst et al,, 2015).

Dunlop et al. (2020) published a worldwide survey of
131 soccer teams that reviewed the return-to-play (RTP)
criteria they were using to support their decision-making for
RTP, specifically if the athlete was ready to continue running
at high speed. The results showed that the majority of teams
assessed the absence of pain and hamstring strength; the
authors also mentioned that hamstring strength and training
load were reported more frequently than any other criteria
when they returned to full training.

Nevertheless, to our knowledge, there are no published
data in the literature regarding the awareness, opinions, and
implementation strategies in relation to NHE among athletes
in deferent sports. Therefore, the purpose of this survey was
to assess the awareness, implementation, and opinion of
NHE in relation to the prevention of HMIs among athletes
in different sports worldwide.

Materials and methods

Survey development

There are no validated questionnaires addressing athletes’
awareness, implementation, and opinion of NHE; therefore,
a survey to collect information on NHE awareness and
implementation among athletes and to evaluate their opinions
of NHE in preventing hamstring injury was developed. The
questionnaire was inspired by a review of the recent literature
on HMI prevention (Ribeiro-Alvares et al., 2018; Al Attar et
al.,, 2017; Van der Horst et al., 2015; Al Attar et al., 2019; Bahr
et al., 2015; Potier et al., 2009). It consisted of three sections:
awareness, implementation, and opinion. Each section
contained one closed question, except for the awareness
section, which had three closed questions. The questions
were formulated to obtain information about the efficiency
and effectiveness of the NHE program for athletes. Thus, the
questionnaire consisted of six questions covering the athletes’
demographics (sex, country), type of sports, awareness of NHE
(Yes or No), implementation of NHE (Yes or No), and the
athlete’s personal opinion about the effectiveness of the exercise
in preventing hamstring injury, which was rated on a scale of 0
(ineffective) to 10 (very effective).

The study protocols were approved by the Biomedical
Ethics Committee, Umm Al Qura University (approval
no. HAPOO02K012202011496). Informed consent was
obtained from all individuals included in this study.

Participants and sample size

An estimated 2 billion people globally play sports, as
either amateurs or professionals. Therefore, to achieve a 3%
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confidence interval (margin of error) at a 95% confidence
level, 1500 male and female amateur and professional
athletes from different countries worldwide were invited to
complete the online survey on NHE.

Administration and survey software

The survey was conducted using a web-based Google
Form (Alphabet Inc, Mountain View, CA) The survey was
framed in English, certified translated into 10 languages
(Arabic, Chinese, French, German, Italian, Japanese,
Portuguese, Russian, Spanish, and Turkish), and distributed
across different sports organizations worldwide. Data were
collected between June 2019 and June 2021. The structured
survey link explained the purpose of the study and sought
consent for participation in addition to providing an avenue
for communication in case the respondents had any queries.
All respondents were limited to one response, and the
responses were voluntary and anonymous.
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Statistical analysis

Responses were organized in Microsoft Excel 2010
(Microsoft Corporation, Redmond, WA, USA) and analyzed
using the Statistical Package for the Social Sciences (SPSS)
version 24.0 (SPSS Inc., Chicago, Illinois, USA). Pearson’s
chi-squared test was used for comparison of the percentage
values of the descriptive statistics. A p-value of <0.05 is
considered significant.

Results

A total of 1142 male and female amateur and professional
athletes from 152 countries completed the questionnaire
(response rate, 76%), yielding a confidence interval (margin
of error) of 2.9% at a 95% confidence level.

Participant distribution according to the type of sport

Thelargest number of participants were from four sports,
namely CrossFit, bodybuilding, football, and gymnastics,
followed by other sports (Figure 1).

80 100 120 140 160 180

Fig. 1. Number of survey participants from different sports

TM®B, 2021, Tom 21, N2 3

275



ISSN 1993-7989 (print). ISSN 1993-7997 (online). ISSN-L 1993-7989. Teopisa Ta meToanKa ¢i3nyHOro B1UxoBaHHs. Tom 21, N2 3

Awarness

l 100.0%

0.0%

Powered by Bing
© GeoNames, Microsoft, TomTom, Wikipedia

Fig. 2. Awareness of NHE worldwide

Table 1. Distribution of participants according to their
continent and gender

No %

Continent

Europe 453 39.7%
Asia 341 29.9%
Africa 125 10.9%
South America 96 8.4%
North America 75 6.6%
Australia 52 4.6%
Gender

Male 1041 91.2%
Female 101 8.8%

Table 2. Distribution of awareness and practice according
to the participant’s continent

Awareness  Ple- Opinion
. ment
Continent Range (Mean
0, 0, -
No % No % SD)
North America 51 68.0 31 60.8 6-9(7.9+£0.9)

Europe 296 65.3 258 87.2 5-10(8.6+0.9)
Africa 60 480 48 80.0 6-10(8.4+1.0)
Asia 172 504 127 738 5-10(8.3+1.1)
Australia 23 442 19 826 6-10(8.7+1.1)
South America 44 458 37 84.1 5-10(8.2+0.9)
Total 646 56.6 520 80.5 5—10(8.4+1.0)
P-value .001* .001* .001**

P: Pearson X2 test; #: One Way ANOVA;* P < 0.05 (significant)

Awareness of NHE

Among the participants who responded, 56.6% were
aware of NHE, while 43.4% were unaware. The highest
number of participants (n = 453) were from Europe, where
the awareness percentage was 65.3%, while North America
recorded the highest awareness percentage of 68% in
75 participants. The awareness percentages of the participants
from the other continents were as follows: Africa, 48.0% of
125 participants; Asia, 50.4% of 341 participants; Australia,
44.2% of 52 participants (Tables 1 and 2). A chart map was
used to indicate the awareness percentages by country, and
the map indicated minimal or no awareness of NHE among
participants in some countries (Figure 2).

Implementation of NHE

Among the participants who were aware of the NHE,
520 athletes were implementing the NHE in their training
(Table 2).

Opinions of NHE

Among the participants who implemented the NHE, the
total opinion for many participants from different continents
regarding the effectiveness of NHE was a mean of 8.4 + 1.0
out of 10. The opinion section of the survey included a
scale of efficacy from 0 (ineffective) to 10 (highly effective),
and most implementers of NHE found it to be effective in
reducing hamstring injury (Tables 1 and 2).

Discussion

In the literature, HMIs represent the most frequently
reported injuries, and the incidence of these injuries has
increased in the last decade with high rates of recurrences and
poor outcomes for athletes despite the adoption of preventive
measures and strategies and the extensive knowledge of the
mechanisms underlying these injuries (Van der Horst et
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al., 2018). Therefore, this study aimed to address athletes’
knowledge of well-established preventive protocols, such
as the NHE, which has proven to be effective for decreasing
injury rates by at least 50% (Al Attar et al., 2017). A cross-
sectional survey study was conducted to assess three new
criteria: athletes’ awareness of the NHE program, their
implementation of this program in their exercise routines,
and their opinions about the effectiveness of this program in
decreasing hamstring injury rates. Within the limitations of
the study, our results showed that most of the respondents
were from Europe and Asia (39.7% and 29.9%, respectively),
and the overall awareness of the NHE was 56.6% worldwide.
Moreover, football (soccer) athletes represented the third-
largest population of respondents (13.9%), after CrossFit
(15%) and body building (14.9%).

The highest awareness percentages were recorded
in North America and Europe (68% and 65.3% of the
respondents, respectively). This finding was not surprising
because these regions have highly developed sports
medicine systems that employ a number of measures to
ensure athlete safety, increasing their adoption of injury-
prevention protocols. Europe is considered the home of
injury prevention programs since Jan Ekstrand published
the first-ever injury prevention program in the literature for
professional football in 1982 (Ekstrand et al., 1982).

Surprisingly, the results of the current study showed
that Australia occupied the last place in participation,
representing only 4.6% of the overall sample size, and it
showed the lowest awareness percentage (44.2%). The
Australian literature is extraordinarily rich in publications
about the importance of injury prevention protocols and
their effectiveness in decreasing injury rates (Al Attar et al.,
2016) and even includes an evidence-based study for the
implementation of injury prevention studies in football (Al
Attar et al., 2018), confirming the presence of a gap between
research and actual practice. However, the low awareness
rate may also be attributable to the low response rate from
Australia in comparison to those from the other continents.

Despite the conventional logic that greater awareness
leads to greater implementation, the study results showed
some notable differences between the trends in awareness
and implementation. For example, despite showing the
highest awareness percentage, athletes from North America
showed a low implementation percentage of 60.8%, which
was the lowest among the continents assessed in this study.
In contrast, Europe, which showed the second-highest
awareness rate, showed the highest implementation rate
(87.2%). The implementation rates in other regions of the
world were similar and ranged between 73.1% and 84.1%.

In the assessments of effectiveness, all rating results
were similar with the highest mean value (8.7) obtained for
athletes from Australia. The lowest mean value (7.9) was
reported for athletes from North America. Despite showing
the highest level of awareness of NHE, North American
athletes showed the lowest level of NHE implementation,
which may be one reason for the low opinion of effectiveness
of NHE in athletes from this region. However, these low
levels of perceived effectiveness of NHE in North American
athletes have not been reported in the literature until now.

Bahr et al. conducted a survey study to determine the
efficacy, adoption, and implementation of the NHE program
among elite male soccer players in Europe from 2012 to
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2014, and although they obtained a response rate of 100%
across 150 club seasons, only 10% of the respondents
adopted a protocol; the extremely low adoption rate resulted
in a compliance rate that was too low to show any effect
on hamstring injury rates (Bahr et al., 2015). The evidence
from this study could explain the low effectiveness score
rated by North American athletes, which may be most
probably attributed to their low implementation percentages
for the preventive protocol. Thus, consistent with previous
literature, that a gap still exists between the awareness of
the injury’s occurrence and implementation of preventive
measures. Furthermore, Al Attar et al. (2021) found limited
implementation of the NHE in professional and semi-
professional soccer. An online survey was completed by
812 (88.3% male and 11.7% female) players and coaches. Of
these, 395 (48.6%) were aware of the NHE, and 355 (43.7%)
implement it in their current practice. Those implementing
NHE had a positive opinion about its efficacy in reducing
hamstring injuries.

This study had multiple limitations. It was not possible
to control the percentage of respondents worldwide and the
number of athletes responding from each country to obtain
the most representative results. Athletes in some countries
did not respond to the online survey, which affected the
overall percentages of those regions in comparison with
other regions of the world. Nevertheless, many of the results
reported herein do not have supporting data or explanations
in the existing literature; for example, North American
athletes showed the highest awareness of the NHE but also
showed an extremely low implementation rate. This study
thus presents the scope for new research on the topic of
NHE implementation in low-implementation regions, such
as Asia and North America. In addition to highlighting gaps
between awareness and actual implementation, this study
also revealed gaps in awareness in some regions, such as
Australia and South America. More research is needed on
the topics connecting the three factors, and region-specific
studies, instead of the global limited study conducted
herein, may be more useful to understand these trends.
Thus, the present study presents the scope for additional
research on these topics for different regions and indicates
the need for region-specific studies to understand the gaps
in implementation and awareness (or the effectiveness) of
the program.

Appropriate implementation of injury prevention
programs is an important factor that affects the health
of athletes; therefore, more research is needed to
increase awareness in regions, such as Asia, where both
implementation and awareness percentages were found to
be relatively low. Additional studies are also required to
evaluate the opinions regarding the effectiveness of the NHE
because this study showed that the actual effectiveness of the
NHE is low in some regions.

Conclusions

Most athletes around the world are aware of NHE and
are implementing it in their exercise training routine because
they find it effective in decreasing hamstring injury rates.
However, additional work must be done to educate athletes
about the importance of implementing this exercise because
the adoption percentages differ significantly worldwide.
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Athletes who adopt the NHE usually find it to be highly
effective in reducing hamstring injury rates.
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NMOTOYHA PEANI3ALIA HAYKOBO OBI'PYHTOBAHOI
BMPABU MO 3AMNOBITAHHIO TPABM NIAKOJIIHHOIO
cyxoxumna (CKAHAMHABCbKA BIMPABA HA NIAKOJNIHHE
CyXoXunna) CEPEA CMOPTCMEHIB Y BCbOMY CBITI

Becam Canex A. Ainp Arrap>3ABCPE

"YuiBepcuter YMm Anb Kypa
*YuiBepcuret CifHes
*basenbcbKmit YHiBepcuTeT

ABTOpPCHKMIT BKIAJ: A — Au3aitH gocnipkeHHs; B — 36ip ganux; C - crataHanis; D — migroroska pykormcy; E — 36ip kowrtis

Pedepar. Crarts: 7 c., 2 puc., 2 Tabm1., 29 mxKepernt.

Merta. CKaHJMHAaBCbKa BIIpaBa Ha MiJKOMiHHI CyXOXMI-
na (NHE) BusaBunacs YCHIIIHOIO Y 3MEHIIEHH] TpaBMI M s3iB
nigkoninnoro cyxoxmunia (HMI), sixa € opHiero 3 Hatimomm-
peHimux 0e3KOHTAaKTHUX TPaBM HIDKHIX KiHIIBOK. Lle 0co6-
JIMBO OPEYHO Y BUAAX CIIOPTY, AKi BUMArarTb IIPUCKOPEHHs,
MaKCHMaJIbHUX CIPUHTIB Ta Pi3KMX 3MiH HampsMKy 6iry Ta
CIIPUHTY, TaKUX AK GyTO0s Ta perdi. Lle [oCifKeHHs Malo Ha
MeTi OLiHNTY 00i3HAHICTD, peai3ariio Ta TYMKM CIIOPTCMEHIB
y BcboMy cBiTi mopo edexrnrocti NHE y 3anobiransi rpasm
MiIKOIIHHOTO CYXOKMJIJIA.

Marepianu Ta MeTogM. AHKETY /I CAMOCTIITHOTO pO3IIo-
BCIOJPKeHH: 0y11o posfano 1500 ciopTcMeHaM 3 pisHUX BUJIIB
ciopTy. ONNTYBaHHA CK/Ia[JaNOCs 3 MIECTY MNUTAHD, IIJ0 OXOIM-
JIIOIOTH KPaiHy, CTaTbh, BUJ CIIOPTY, 00i3HaHICTh, BUKOPUCTAHHA
Ta JIyMKU CIIOPTCMEHIB y BCbOMY CBIiTi 1110710 e(eKTUBHOCTI
NHE y 3ano6iransi TpaBMaM IigKomiHHOro cyxoxxmmis. Omm-
TyBaHH: Oy/I0 JOCTYIIHE feCsATbMa Pi3HMMI MOBaMIL.
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Pesynbrarn. Bcboro B onuTyBaHHi B3 yyacTb 1142 cnopr-
CMEHU 3 Pi3HIX BUAIB CIOPTY. biflbilie Ho0BMHYN CIOPTCMEHIB 641
(56%) 3nanu mpo NHE, i e 519 (45,4%) BipoBamxysamt NHE
Y CBOIX NOTOYHUX TPeHYBaIbHUX Hpolenypax. CropTcMenn, AKi
Brposagyiu NHE, BkasyoTh Ha e()eKTUBHICTD IpOrpami 3 OLiH-
Koo 8,4 + 13 10.

Bucnosku. Binbmicts cnoprcmenis swamu npo NHE ra
BIIPOBAJI)KyBa/N ii y CBOi TpeHyBa/bHi IPOLENYPH, OCKINIbKI
BBa)Ka/y, 1[0 BOHA eeKTMBHA y 3HIDKEHHI YacTOTH TPaBM
cyxoxuab. OfHaK HeOOXiTHO JJOK/IACTM JJOAATKOBMX 3YCHUIIb,
06 copmyBaTy 3HaAHHS CHOPTCMEHIB IIPO BAX/IMBICTH BM-
KOHAHHA i€l BIIpaBM Ta il eeKTUBHICTD y 3a1106iraHHi TpaBM
CYXOXKUJIIA.

Kinro4oBi cmoBa: M'A31 MiKOMIHHOTO CYXOXXW/I/IA, TPaB-
M1 M’5I3iB, CIIOPTCMEH, OUTYBAHHSI, aHKeTYBaHHL.
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