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Background and Purpose

Hamstring strain injury (HSI) is a particularly significant problem in track and field
events. In recent years, it has been recommended that the Nordic hamstring exercise
(NHE) be included as part of an HSI prevention program, along with warm-up. However,
NHE has low compliance because of various disadvantages. Therefore, we focused on
Single-leg Romanian Deadlift (SLRDL) as an alternative to NHE. The purpose of this
study was to examine the effect of the SLRDL on the risk of HSI.

Study Design
Cohort study

Methods

Male and female high school track athletes were recruited to participate across control
and intervention seasons. The intervention added the SLRDL (3 sets x 3 reps) to the
standard warm-up. An athletic trainer recorded HSI based on established criteria and
athlete-hours. HSI incidence per 1000 athlete-hours and severity (by return-to-training
time) were compared between seasons. Athletes filled out a compliance questionnaire
after the intervention season. Risk ratios (RR) were examined for each severity of HSI
between the control season and the intervention season.

Results

Seventy-seven athletes from one high school track and field team participated. The risk
of mild to moderate HSI was reduced between the control and intervention seasons (RR =
0.34, 95% confidence interval [CI]: 0.12-0.94) but no there was no significant effect on
severe cases (RR = 2.84, 95% CI: 0.30-27.28). Compliance with SLRDL was 98.67%,
indicating its potential as an easily implemented prevention program.

Conclusions

Despite the effect of the SLRDL in reducing the risk of mild to moderate NHE, the lower
intensity of the SLRDL compared with NHE might have limited its effectiveness in
reducing the risk of severe HSI. Further research is recommended to optimize HSI
prevention programs, considering the use of the SLRDL as an introductory measure
rather than a complete alternative to the NHE.
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Level of Evidence
3

INTRODUCTION

Hamstring strain injury (HSI) is a common injury associated
with various sports,12 with severe HSI often requiring
greater than two months to return to play (RTP).3 Fre-
quently, it occurs in activities involving explosive lower ex-
tremity movements, such as high-speed sprinting,4 and is
a particularly significant problem in track and field events.
The highest incidence of HSI is observed in international
track and field competitions, excluding the long-distance
events.> Furthermore, a survey of track and field athletes
competing in the European Athletics Championships re-
ported that 48% of them have experienced HSIs throughout
their careers.® HSI is the leading acute injury among young
and junior athletes.” In addition, HSI is an injury with a
high recurrence rate.® In other words, HSI is highly preva-
lent within track and field, and young athletes should ad-
dress the risk of HSI in their early competitive careers.

Several previous studies investigated various methods of
reducing the risk of HSI. In recent years, the Nordic ham-
string exercise (NHE) has been recommended as part of
an HSI prevention program, along with warm-up, stretch-
ing, stability training, strengthening, and functional move-
ments (sport-specific, agility, and high-speed running).4
The NHE is an exercise focused on eccentric contractions
of the hamstrings,” and strong evidence has been reported
to reduce the risk of HSI.10 However, the NHE has the
following disadvantages: 1) delayed-onset muscle soreness
and knee joint pain after the NHE,!! 2) decreased ham-
string electromyography (EMG) amplitudes and eccentric
torque after performing the NHE,2 and 3) declined sprint-
ing performance after the NHE.13 These factors lead to low
NHE compliance,!4 and interventions with poor compli-
ance do not reduce the HSI risk.!>16 In addition, youth
athletes with long playing histories have lower compliance
with prevention programs,!? so earlier intervention is re-
quired. However, injury prevention strategies for youth ath-
letes have focused on passive strategies such as rule and
environmental adjustments, and there is limited evidence
for strategies that rely on behavioral change in athletes.!8
Furthermore, youth athletes have low compliance with pre-
vention programs that are athlete-led and do not have the
support of coaches.1? With this background, methods other
than the NHE should be considered to reduce the risk of HSI
in youth track and field athletes.

Therefore, this study focused on the Single-leg Roman-
ian Deadlift (SLRDL), a single-leg exercise that generates
greater hamstring muscle activity than the double-leg
deadlift?0 and, like the NHE, promotes an eccentric ham-
string contraction.2! Furthermore, the SLRDL is advanta-
geous because it is easy to perform without requiring part-
ners or equipment like NHE. Furthermore, unilateral
exercise is an effective warm-up exercise because sprinting
is a movement with repeated take-off for each leg.22

A previous study reported that the SLRDL performed
during warm-up can counteract the increase in the stiffness

of the hamstring muscle and decrease in eccentric muscle
strength caused by sprint training.23 Furthermore, it is
known as a common track and field warm-up exercise.24 For
these reasons, the SLRDL could easily be implemented as
a prevention program for HSI in the track and field. How-
ever, whether SLRDL can reduce the risk of HSI remains un-
clear. To address this question, this study aimed to examine
the effect of the SLRDL on the risk of HSI. The hypothesis
was that the SLRDL compliance would be high and that the
SLRDL can reduce the risk of HSI.

MATERIALS AND METHODS

STUDY DESIGN

This cohort study of high school track and field athletes
was conducted by the same staff (coach and athletic trainer)
over two seasons: the control season (January 1, 2022 to
December 31, 2022) and the intervention season (January 1,
2023 to December 31, 2023). During the intervention sea-
son, the SLRDL was added to the warm-up, and the annual
competition schedule did not differ from the control sea-
son. An athletic trainer who was a certified strength and
conditioning specialist and physical therapist instructed
the athletes in the SLRDL and recorded the incidence of HSI
and time to RTP. At the end of the intervention season, the
athletes were given a questionnaire regarding the SLRDL
implementation (Figure 1).

SUBJECTS

The participants were high school athletes on the track and
field team. Athletes with a history of HSI were excluded.
Daily training mainly comprised sprint training. The ath-
letes had strength and conditioning sessions once or twice
a week throughout the season. The sessions consisted of
squats, bench presses, and Olympic weightlifting (snatch)
at 70-90% of the one repetition maximum, and plyometric
training. There were no major changes to the annual com-
petition schedule or training program between the two sea-
sons. This study was conducted in compliance with the De-
claration of Helsinki and received approval from the ethics
committee of the author’s affiliated institution. If the par-
ticipant was under 18 years of age, the subject and parent
received an explanation, including the risks of the study,
before participating in the testing. Written informed con-
sent was obtained and signed by all participants (and a par-
ent if appropriate).

PREPARATORY LECTURE

Lectures were given to athletes and coaches on the effec-
tiveness of eccentric exercises in reducing the risk of HSI
and how to perform SLRDL before starting the SLRDL inter-
vention.
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Control season(2022)
40 players

Intervention season(2023)
37 players

Graduate
12 players

Referent Program

New freshmen
9 players

Intervention Program

30 min warm-up
*Jog

* Static stretch
*Dynamic stretch
*Sprint drill
*Short dash

Figure 1. The Experimental set-up.

WARM-UP PROTOCOL

During the control season, athletes performed a warm-up
routine before practices and competitions with the follow-
ing activities: 1) jog, 2) static stretch, 3) dynamic stretch,
4) sprint drill, and 5) short dash. The detailed menu within
each session was adjusted for each athlete. The athletes
spent about 30 min during the warm-up before moving on
to practice and competitions in specialized events. In the
intervention season, the same warm-up program was im-
plemented, but the SLRDL was additionally implemented at
any time during the dynamic stretch.

SINGLE-LEG ROMANIAN DEADLIFT

The SLRDL was performed following the methods of Weaver
and Kerksick?> and McCunn et al.26 To begin, the athlete
stood on one leg with the core stabilized. In the descending
phase, the knee joint of the loaded leg was slightly flexed,
and the hip joint flexed while keeping the spine neutral.
The hip and knee joints of the unloaded leg are maintained
in extension, and the body is tilted so that the spine is par-
allel to the floor as much as possible. The distance of the
athlete’s movement depends on the athlete’s flexibility of
the hamstrings. Once the lowest point of the movement
was reached, the athlete returned to the start position
while contracting the hamstrings and gluteus maximus
muscles. The athlete maintained balance by placing the
hand opposite of the load leg on a wall or handrail to sta-
bilize the movement (Figure 2). The athletic trainer in-
structed the athletes to avoid spinal movement, hip rota-
tion, and abduction of the loading leg during the SLRDL.
With reference to previous research,23 The athletes were
instructed to perform SLRDL for three sets of three repe-
titions on each leg per warm-up session. The coaches and
athletic trainers checked to ensure that the athletes were
performing the SLRDL, but did not check or record how
many repetitions they performed.

30 min warm-up (Include SLRDL)
*Jog

* Static stretch

*Dynamic stretch

*Sprint drill

*Short dash

Figure 2. Single Leg Romanian Deadlift (SLRDL).

HSI SURVEILLANCE

The athletic trainer recorded the instances of HSI that oc-
curred throughout the seasons. The trainer recorded the
athlete hours (AH) to determine the athlete’s activity. AH
were calculated as the number of practice or competition
days multiplied by the number of athletes participating on
that day and the number of activity hours. Based on the
study by Chebbi et al.,2”7 HSI was defined as acute (sud-
den-onset injury) pain in the posterior thigh that occurred
during practice or competition and resulted in immediate
termination of play and inability to participate in the next
practice or competition. Injured athletes underwent clinical
examination by an orthopedic surgeon and, if necessary,
magnetic resonance imaging or ultrasonography was per-
formed. Furthermore, the time to RTP following HSI injury
was recorded. The RTP criterion was defined as the time to
return to full training (TRFT), i.e., the time that confirmed
the ability to complete in unrestricted training sprint ef-
forts at full pace in spikes.3 Rehabilitation after HSI was
based on a report from British Athletics.28 In this protocol,
the average TRFT for severe HSI with intratendinous injury
was 48 days. However, this previous study did not find any
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significant differences in TRFT for other HSI types. There-
fore, this study combined mild and moderate HSI. Based on
the above, HSI with a TRFT of 1-47 days was classified as
mild to moderate, and those with a TRFT of >48 days were
classified as severe.

QUESTIONNAIRE

After completing the intervention season, questionnaires
were sent to the athletes to gather their feedback. The
questionnaire was administered after explaining that it was
not related to the selection of athletes for competitions.
The athletes were then asked to indicate their compliance
with the SLRDL exercise during practices and competitions
throughout the year and to indicate the frequency of SLRDL
performance from 0 to 7 days per week.

STATISTICAL ANALYSES

Data were analyzed using SPSS version 22.0 (IBM Corpora-
tion, New York, NY). The initial analysis of injury incidence
was calculated by dividing the total number of HSIs by the
exposure time and reported as injury rates per 1,000 AHs.
An unpaired t-test and a chi-square test were conducted
for the comparison of the athletes at baseline. In addition,
pre- and post-intervention risk ratios (RR) were obtained
for each severity of HSI (mild to moderate, severe, total). To
control for the overall Type I error rate, data were tested
in a prespecified hierarchical order, with a significance level
of 5%. After the survey, a post-hoc power analysis was con-
ducted using G*Power version 3.1.9.6 (Heinrich Heine Uni-
versity Diisseldorf, Germany).

RESULTS

In total, 77 athletes from one high school track and field
team participated in the study: 40 from the control season
(21 men; 19 women, aged 16.8 *+ 0.9 years) and 37 from
the intervention season (16 men; 21 women, aged 17.0 #
0.7 years). Twenty-eight athletes (14 men; 14 women, aged
17.3 £ 0.5 years) were carried over from the control season
to the intervention season, with 12 graduating and nine
enrolling. These athletes specialized in short-distance run-
ning, jumping, and combined events (excluding long-dis-
tance running), and the percentages of each were 75.0%,
17.5%, and 7.5% in the control season and 70.3%, 21.6%,
and 8.1% in the intervention season, respectively.

No significant differences were found in the baseline
information. In the control season, 15 HSIs occurred in
25,011 AH, and in the intervention season, eight HSIs oc-
curred in 26,445 AH; the risk of HSI per 1,000 AHs was 0.60
and 0.30 in the control and intervention seasons, respec-
tively. Data for each season are shown in Table 1. The re-
sults demonstrated that the risk of mild to moderate HSI
severity was significantly reduced postintervention, with a
RR of 0.34 (95% confidence interval [CI]: 0.12-0.94). How-
ever, change in the risk of severe HIS in the intervention
was not statistically significant, with a risk ratio of 2.84
(95% CI:0.30-27.28) (Table 2). The post-hoc power analysis

Table 1. The result of HSI surveillance.

Control Intervention
Total AHs 25011 26445
Injury incidence per 1000 0.60 0.30
AHs
Training AHs 22065 23538
Competition AHs 2946 2739
Training injuries 9 5
Competition injuries 6 3
Total injuries 15 8
Total reinjuries 4 2
Injuries per 1000 total AHs 0.60 0.30
Injuries per 1000 training 041 021
AHs
Injuries per 1000
competition AHs 204 110

21.14

Average TRFT days 28.71days

AH= athlete hour, TRFT= time to return to full training.

indicated power of 0.903. The questionnaire revealed that
the frequency of the SLRDL was 5.92 exercise sessions (*
0.28) per week. Compliance was 98.67%, given that practice
or competition sessions were six times/week.

DISCUSSION

This study investigated whether adding the SLRDL exercise
to the warm-up routine could reduce the risk of HSI inci-
dence in high school track and field athletes. The findings
revealed that the addition of the SLRDL could reduce the
risk of mild to moderate HSI, despite the absence of a sig-
nificant effect for reducing the risk of severe HSI. Further-
more, SLRDL showed high compliance. To the best of the
authors’ knowledge, this is the first study that examines the
efficacy and compliance of the SLRDL as an intervention in
reducing the risk of HSI.

The mechanism of HSI risk reduction using the SLRDL
must be considered. Low hamstring eccentric force and
short muscle fiber length have been associated with a high
risk of HSL.29 Eccentric training of the hamstrings has been
shown to increase the hamstring eccentric muscle strength
and muscle fiber length,30 a mechanism by which eccentric
training can reduce the risk of HSI. SLRDL is an exercise
that generates eccentric contractions in the hamstrings?!
and may reduce the risk of HSI for the same reason. In ad-
dition, Schuermans et al.3! measured EMG during sprint-
ing at the beginning of the season in soccer players and re-
ported that players who suffered an HSI during the season
had less EMG activity in the gluteus maximus muscle than
those who did not. Therefore, increasing the activity of the
gluteus maximus may reduce the risk of HSI. The SLRDL is
an exercise that promotes high muscle activity in the glu-
teus maximus muscle in addition to the hamstrings.32 Con-
sidering a physiological response called “resistance prim-
ing,” a temporary increase in muscle strength following
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Table 2. Risk ratios before and after intervention.

Control Intervention
Number Risk per Number Risk per o
of HSI 1000 AHs of HSI 1000 AHs RR 95%Cl
Mild to 14 0.56 5 0.19 0.34 0.12 - 0.94
moderate
Severe 1 0.04 0.11 2.84 0.30 - 27.28
Total 15 0.60 8 0.30 0.50 0.21 - 1.19

HSI: hamstring strain injury, AH: athlete hour, RR: risk ratio, 95%CI: 95%confidence interval

resistance training,33 use of the SLRDL during warm-up
may increase the activity of the gluteus maximus muscle
and reduce the risk of HSI. Furthermore, it has been re-
ported that the SLRDL during warm-up can inhibit the de-
cline in hamstring muscle strength caused by repetitive
sprints23; thus, the SLRDL may also activate the ham-
strings. In conclusion, the SLRDL was able to reduce the
risk of mild HSI. Possible long-term mechanisms may in-
clude structural changes and improvement in eccentric
strength in the hamstrings, and short-term mechanisms
may be activation of the hamstrings and gluteus maximus
during sprint. However, none of these specific outcomes
were not investigated in this study.

Clearly, higher compliance with preventive interventions
increases the effectiveness of HSI risk reduction. Ripley et
al.,16 in a systematic review of studies on the reduction
of HSI risk with hamstring eccentric exercises, reported a
reduced risk of HSI when exercises were performed with
a compliance >50.1%. The compliance rate in this study
was 98.67%, which is sufficiently high for an intervention
to be effective. Regarding compliance with interventions
to reduce the risk of HSI, van der Horst et al.l4 reported
the importance of factors such as athletes’ knowledge and
consensus among the team staff as necessary factors to in-
crease adherence. In this study, the athletes and coaches
were provided information about hamstring eccentric train-
ing in reducing the risk of HSI, and consensus was obtained
before the intervention was implemented. Therefore, the
SLRDL intervention in this study is believed to maintain
high compliance. According to van der Horst et al.l4 time
consumption was also identified as a factor influencing
compliance. Compared with NHE, which requires a partner
and equipment, the SLRDL is an exercise that can be easily
performed by the athlete alone. Furthermore, the volume of
SLRDL per session in this study was small, with only three
sets of three repetitions. Therefore, the compliance with
the SLRDL in this study is considered high, likely because
of its low time consumption.

Although NHE has been shown to reduce the risk of HSI
regardless of severity,34 the current study revealed no pre-
ventive effect of the SLRDL on HSI of higher severity. A
study reported that the NHE has the capacity to increase
eccentric muscle strength and muscle fiber length, regard-
less of training volume.35 Moreover, a significant increase
in muscle strength and fiber length was observed with in-
creased intensity of the NHE.36 Thus, the intensity of ec-
centric training may be important in reducing the risk of

HSI. Compared with the NHE, the SLRDL has lesser inten-
sity with less generated muscle force in the hamstrings.2!
Furthermore, this study investigated the SLRDL performed
using a body weight load, and the intensity was therefore
inconsistent among athletes. Consequently, the SLRDL in-
tervention in this study may not have been effective in re-
ducing the risk of severe HSI because of its low intensity.

This study has some limitations. The present study de-
sign is the similar design used in previous studies.2’-37
However, this research design is an observational study,
and the athletes were not randomly selected for the study.
While this approach reflects the reality of athletes in a clin-
ical setting, it is essential to note that various factors that
could affect the results of the study have not been con-
sidered. Some athletes underwent a control season and an
intervention season consecutively, but separating athletes
with and without intervention within the same team at the
same time could create a sense of inequality, making it an
unrealistic approach. Furthermore, it is important to men-
tion that at the end of any season, some senior athletes
leave the team, while new athletes join. Thus, it seems that
there are no substantial changes in the overall age range
or training history of the team. In the future, the authors
would like to increase the number of subjects and con-
duct analyses with the intervention period matched. Sec-
ond, further research is needed to verify whether the SLRDL
causes structural and strength changes in the hamstrings
to validate the mechanisms discussed. Third, the effect of
resistance priming in the warm-up routine is influenced by
the strength level and training history.38.3% However, this
study could not examine the strength level and training
history of each athlete. Furthermore, HSI is an injury that
more frequently occurs in senior athletes than in junior
athletes®7; future research should be conducted on various
categories of athletes to examine the effects of muscle
strength level and training history. Finally, there are po-
tential concerns about the results because this the training
volume of the SLRDL was not strictly controlled. It is possi-
ble that the SLRDL may also have a risk reducing effect on
HSI, just like NHE,35 regardless of the training volume. A
future study could investigate the relationship between the
training volume of the SLRDL and the risk reducing effect
on HSI.
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In this study, introducing SLRDL to warm-up for high
school track and field athletes reduced the risk of mild to
moderate HIS, and compliance was high. Despite its ad-
vantages in compliance, the lower intensity of SLRDL com-
pared with NHE might limit its effectiveness in reducing
the risk of severe HSI. However, further research is recom-
mended to optimize HSI prevention programs, using SLRDL
as an introductory measure rather than a complete alterna-
tive to NHE.
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