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Abstract

The semitendinosus (ST) muscle is primarily used during Nordic
hamstring exercise (NHE), which is often prescribed for preventing hamstring injury, though the biceps femoris long head (BFlh)
muscle that is more susceptible to injuries. Thus, this study aimed
to identify the modulation of BFlh muscle activity with different
knee flexion angles during NHE using an inclined platform. Fourteen male athletes performed NHE and maintained their position
at maximum inclination (NH). Subjects also performed isometric
NHE using a platform inclined to 50° (ICL) and 40° (ICH), and
the knee flexion angle was controlled to 50° and 30°. The electromyography (EMG) activity of the BFlh, ST, semimembranosus,
gluteus maximus, elector spinae, and rectus abdominus muscles
was determined during each exercise. The EMG of the ST was
higher than that of the BFlh during NHE and the highest of all
muscles in all exercises (p < 0.05). Moreover, the activity of the
BFlh tended to be higher than that of the ST for ICH than for ICL,
regardless of the knee joint angle. The activity of the BFlh becomes equivalent to that of the ST during NHE at a knee flexion
angle of less than 50°. These results indicate that performing NHE
at a shallow knee flexion angle will enhance the activity of the
BFlh muscle.
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Introduction
Hamstring strain injury (HSI) is one of the most common
injuries during various sports events, such as track and field
athletics (Yeung et al., 2009), soccer (Ekstrand et al.,
2011), and rugby (Brooks et al., 2006). In addition to its
high incidence rate, HSI has a high recurrence rate of approximately 30% (Heiser et al., 1984; Orchard and Best,
2002). Thus, preventing initial and recurrent HSI is necessary for improving athletic performance.
HSI commonly occurs during the late swing phase
of high-speed running (Schache et al., 2009), and its incidence rate during sprinting can reach 70% in soccer players
(Ekstrand et al., 2012) and 93% in sprinters (Askling et al.,
2014). In cases of sprint-type HSI, the biceps femoris long
head (BFlh) muscle is more vulnerable than both of the
other biarticular hamstring muscles, which are the semitendinosus (ST) and semimembranosus (SM) muscles
(Brosseau et al., 1997; Ditroilo et al., 2013). HSI mostly
occurs in the BFlh muscle during the terminal phase of the
leg swing and/or during the initial stance phase. During the
late swing phase, the electromyographic (EMG) activity of
the BFlh muscle is greater than that during other phases
(Higashihara et al., 2015). The EMG activity of the BFlh is
also higher than that of the ST during the initial stance

phase (Higashihara et al., 2018). In addition to its high
muscular work rate, the length of the BFlh muscle peaks
during the late swing phase and develops maximal force
while undergoing a forceful eccentric contraction to decelerate the shank for the foot strike (Chumanov et al., 2011).
These BFlh muscle dynamics during sprinting are thought
to represent the possible mechanism of HSI.
The key concept for preventing sprint-type HSI has
been the development of eccentric strength contractions in
hamstring muscles (Petersen et al., 2011; Opar et al., 2015;
Van Der Horst et al., 2015; Timmins et al., 2016). Nordic
hamstring exercises (NHE) are usually prescribed as
warm-up exercises and for rehabilitation to prevent HSI. A
number of studies have provided evidence that NHE prevents HSI by improving eccentric strength (Brooks et al.,
2006; Gabbe et al., 2006; Arnason et al., 2008; Petersen et
al., 2011) and elongating the fascicle length of the BFlh
muscle (Bourne et al., 2017a).
Contrary to these studies, several studies have implied that NHE is insufficient for preventing HSI. A reason
for this might be that the ST muscle is more activated than
the BFlh muscle during NHE, though the BFlh muscle is
more vulnerable to injury (Fernandez-Gonzalo et al., 2016;
Bourne et al., 2017b; 2018; Messer et al., 2017). To date,
many studies have suggested that the dominant articulation
during exercise influences the activation of each hamstring
muscle. Hip-dominant exercises, such as 45° hip extension
(Bourne et al., 2017b; Bourne et al., 2018) and the Romanian dead lift (Ono et al., 2011), activate the BFlh muscle
more than knee-dominant exercises, such as NHE and legcurl exercises (Ono et al., 2010; Bourne et al., 2018). In
contrast, other recent studies have reported that the BFlh
muscle is activated even during knee-dominant exercises,
such as leg curls (Hirose and Tsuruike, 2018) and NHE,
more than the ST muscle (Hegyi et al., 2019). One of the
possible factors for these discrepant findings involves knee
joint angle and muscular length during exercises. Heygi et
al. found that the EMG activity of the BFlh muscle was
higher than that of the ST muscle during later phases (94%
to 98%) during NHE, meaning that the EMG of BFlh muscle is higher than that of the ST muscle at a shallow knee
flexion angle during NHE (Hegyi et al., 2019). Similarly,
Hirose and Tsuruike reported that the BFlh muscle works
more at a knee flexion angle of 30° during a prone leg curl
exercise than the ST muscle, while the ST muscle works
more than the BFlh muscle at knee flexion angles of 90°
and 120° (Hirose and Tsuruike, 2018). Furthermore, the result of previous study indicates that the greater EMG activity of the ST relative to the BFlh muscles decreases when
the length of hamstring muscles is elongated by
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maintaining increased hip flexion during NHE (Šarabon et
al., 2019).
In contrast, previous studies of knee-dominant exercises averaged the EMG activity obtained from a whole
range of motion during exercise (Ono et al., 2010; Bourne
et al., 2017b). However, in cases of NHE, many subjects
have a break-point angle, which indicates that they are not
able to maintain muscular contraction up to a shallow knee
flexion angle (0° knee flexion angle). Even trained soccer
players can maintain eccentric contractions until reaching
a knee flexion angle of approximately 40°(Lee et al., 2018).
However, the break-point of male college students was at
a knee flexion angle of only approximately 60° (Ditroilo et
al., 2013).
These findings led us to hypothesize that the BFlh
muscle might become more activated than the ST muscle,
even during NHE, by modulating the knee flexion angle.
Particularly, we considered that the activity of the BFlh
muscle might exceed that of the ST muscle at a shallow
knee flexion angle. Thus, the primary purpose of this study
was to investigate the activity of the BFlh muscle compared to that of the ST and SM muscles during conventional NHE and knee-angle modulated NHE, and clarify
the angle-relationship of muscular activity for each of the
hamstring muscles in isometric contractions during NHE.
As a secondary aim, we investigated the differences in activity of each hamstring muscle at different exercise intensities by changing the platform inclination.
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Experimental protocol
Subjects were prohibited from performing exhausting
physical activity that may affect NHE performance for 24
h prior to the experiment. Before experimental exercise,
subjects performed approximately 5 min of warm-up
(static and dynamic stretch on hamstrings, hip, and lower
back for 2 min, respectively; 10 repetitions of prone knee
curl). Then, subjects performed two bouts of 5 s maximum
isometric contraction (MVIC) with monitoring by a
handheld dynamometer (MT-100W, SAKAI medical Co.,
Tokyo) in the prone leg curl with knee flexion angles set at
30, 60, and 90, hip extension, back extension, and sit-up
to collect the maximum EMG data for calculating normalized EMG activity. Subjects performed two bouts of 5 s
isometric NHE followed by isometric NHE using the customized inclined platform (IC), with inclination set at 50
(low intensity; ICL) and 40 (high intensity; ICH) (Figure
1). When performing ICL and ICH, the knee flexion angle
was set at 50 (ICL50, ICH50) and 30 (ICL30, ICH30). In
such cases, the knee angle shows an anatomical angle, and
an angle of 0 of knee flexion indicates an extended knee.
Subjects had at least 40 s between each bout and 2 min between exercises for resting. The order of the knee flexion
angle and inclination of the platform was randomly assigned to minimize motor learning and fatigue effects.

Methods
This study was designed as a controlled laboratory study.
All data were collected from August 20 to September 17,
2019, in the Faculty of Sport Sciences, Waseda University.
Participants
The subjects in this study were 14 amateur male athletes
who engaged in strength training at least twice per week
(age: 21.2 ± 1.5 years; height: 170.0 ± 4.1 cm; weight: 65.6
± 4.9 kg). Prior to recruitment, the sample size was analyzed (G*Power 3.1.9.4, Heinrich Heine Universität
Düsseldorf, Germany). An F test and repeated-measures
analysis of variance of three groups (BFlh, ST, and SM
muscle groups, in which the gluteus maximus (GM), erector spinae (ES), and rectus abdomens (RA) were analyzed
with five exercise variations) was conducted, given an effect size of 0.25, α error probability of 0.05, and a power
of 0.95, with a correlation among repeated measures of 0.5
and a nonsphericity correlation ε of 0.1. The total sample
size required was 39, with 13 subjects per group. Consequently, we additionally recruited 16 male volunteers from
college sports club teams from August 5 to September 4,
2019. The exclusion criteria were as follows: having a history of HSI and anterior cruciate ligament injury at the
measured limb, a recent history of lower limb injury within
6 months prior to the experiment, and a current history of
lower back and hip pain. This study was approved by the
ethics committee of the Waseda University (Approval No.
2019-171). Subjects were fully informed about the study
and provided written informed consent.

Figure 1. Performing Nordic Hamstring exercise while using
an incline platform. Each figure shows ICL50 (a), ICL30 (b),
ICH50 (c), and ICH30 (d). The knee joint angle and trunk angle compared to the arbitrary horizontal line are shown in each figure. Note: Thin
and trunk angles compared to the ground differ among subjects because
of the difference in subjects’ length of foot and tibia while the difference
was very small.

When performing NHE, the subject kneeled with their ankle and hip set at 0, and both knees were placed on the
folded stretch mat at hip-width. The examiner held the subject’s ankle while pressing their knees on the subject’s
plantar surface; then, the subject leaned forward as far as
they could while maintaining a position in which their arms
crossed across their chest for 5s. The examiner started to
record EMG data when subjects started leaning forward,
then ended recording when subjects finished keeping their
upper body for 5 s.
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When performing ICL and ICH, subjects kneeled
on the inclined platform to maintain their upper-body at a
vertical position to the floor with their toes of both feet
placed approximately 10 cm from the end of the inclined
platform, both knees at hip-width, hips set at an angle of
0, and arms crossed across their chest. An examiner stabilized the subject while holding the ankle and pressing the
foot stabilizer pad on the subject’s plantar surface, and another examiner put the stationary arm of the manual goniometer, which was set at 130 (50 of knee flexion) of 150
(30 of knee flexion) on the fibula (the line between lateral
malleolus and fibular head). Then the subject leaned forward from an initial position to a position where the thighs
(the line between lateral condyle and greater trochanter)
reached at the moving arm; this position was kept for 5 s.
The examiner started to record EMG activity when subjects
started to lean forward their upper-body, then ended recording when subjects finished keeping their upper-body
in that position. We used EMG data during 5 s from the end
of recorded EMG data (Figure 2).
In this experimental condition, the angle of the tibia
to the floor was influenced by the length of the foot and the
tibia. However, the individual difference in foot size (average: 27.0 ± 0.5 cm, range; 26.5 to 28.0 cm, coefficient of
variation; 1.9%, 95% CIs; 26.6 to 27.3 cm) and tibial
length, measured between the proximal and distal medial
malleolus of the tibia (36.2 ± 0.6 cm, 35.2 to 37.4 cm, coefficient of variation; 1.7%, 95% CIs; 35.8 to 36.6 cm), was
not remarkable.
During the prone leg curl, NHE, and inclined NHE,
the knee flexion angle was monitored using a handheld goniometer. The stationary arm and the moving arm were
placed on the skin according to a tape marker placed on a
greater trochanter, and the prominence of the femoral lateral condyle, the fibular head, and the lateral malleolus was
assessed. Examiners also visually confirmed if the hip joint
angle was set at a neutral position in the sagittal and horizontal planes. If the hip angle was not kept at a neutral position, the subject performed an additional trial.
EMG
EMG activities of the BFlh, ST, and SM muscles, GM, ES,
and RA were measured using pre-amplified bipolar surface
electromyogram silver electrodes with a bar length of 30
mm, a width of 1 mm, and a distance of 20 mm between
active recording sites (Biolog DL-5000, S & ME Co., Tokyo, Japan). EMG electrodes were routed through the
EMG mainframe, which amplified (100 ×) and band-pass
filtered (20-500 Hz) the signals and digitized them at a 2
kHz sampling rate. Skin impedance was reduced by shaving the hair around the electrode site and wiping the skin
with rubbing alcohol before applying electrodes. Electrodes were placed on each target muscle based on the following landmarks: the midpoint of the line between the ischial tuberosity and the medial epicondyle of the tibia (for
the ST), the midpoint between the ischial tuberosity and the
lateral epicondyle of the tibia (for the BFlh), the midpoint
between the sacral vertebrae and the greater trochanter (for
the GM), two finger-widths lateral from the spinous
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process of the L1 vertebra (for the ES), and 2 cm lateral
from the midline of the umbilicus (for the RA). Additionally, the accurate placement of the electrodes was validated
by the palpation of the muscle bellies by two skilled
healthcare specialists (certified athletic trainers) and by ensuring that a clean EMG signal was measured from each
muscle. This study redacted the root mean square (RMS)
from raw EMG data during the middle 2 s of the 5 s exercise for further analysis. Then, RMS data were normalized
as a percentage of the maximum isometric values (NEMG).

Figure 2. A representation of typical raw EMG signals during
ICL50. The window of broken line shows the period when subjects performed isometric NHE. The data within the window of the solid line were
used for analysis. BFlh: biceps femoris long head, ST: semitendinosus,
SM: semimembranosus, GM: gluteus maximus, ES: elector spinae, RA:
rectus abdomen, EMG: electromyography, ICL50: Nordic hamstring with
50 degree of incline platform at 50° of knee flexion angle, NHE: Nordic
hamstring exercise.

Statistical analysis
The intra-class correlation coefficients (ICCs) and the coefficient of variation (CV) of the RMS data of each muscle
between trials in corresponding exercises were analyzed.
The data of ICCs and CV is shown in Table 1. Then, the
calculated ICC was evaluated as “almost perfect (ICC >
0.81),” “substantial (ICC = 0.61 to 0.80),” or “moderate
(ICC = 0.41 to 0.60)” according to a previous study (Landis
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and Koch, 1977). Consequently, all RMS data of each muscle were evaluated as “almost perfect,” except for the RA
at ICL50 and ICH50, the GM at ICH50, and ES at ICH30.
The average value and standard error for each of the
exercises were calculated. A two-way repeated-measures
ANOVA design was used to compare the NEMG of each

muscle across different exercises (SPSS version 26.0,
IBM, New York, NY, USA). Where appropriate, Tukey’s
post hoc test was used to assess observed differences.
Moreover, η was analyzed, and the mean difference with a
95% confidence interval (CIs) was reported. The statistical
significance level was set at 0.05.

Table1. Intra-class coefficient (ICC) and coefficient of variation (CV) of EMG data between trials.
BF
ST
SM
GM
ES
RA
ICC [2,1]
0.858
0.905
0.963
0.874
0.843
0.970
NHE
CV (%)
11.2
11.2
8.4
19.2
13.4
14.8
ICC [2,1]
0.937
0.817
0.927
0.956
0.952
0.646
ICL50
CV (%)
14.6
14.1
13.7
9.9
13.1
12.6
ICC [2,1]
0.978
0.992
0.988
0.915
0.989
0.995
ICL30
CV (%)
11.5
5.2
8.0
10.5
8.7
12.7
ICC [2,1]
0.875
0.851
0.917
0.646
0.856
0.647
ICH50
CV (%)
14.9
12.4
13.0
15.8
15.2
11.7
ICC [2,1]
0.954
0.935
0.910
0.966
0.718
0.978
ICH30
CV (%)
13.2
10.9
14.1
15.0
15.6
14.2

Results
A significant two-way interaction was observed between
muscles and exercises (F [8,104] = 3.45, η = 0.45, p <
0.05). The NEMG of the ST muscle was higher than that
of the BFlh muscle during NHE (mean difference: 19.5%,
95% CIs [6.9%, 32.1%]; p < 0.05), whereas there were no
differences between the ST and SM muscles, or between
the BFlh and SM muscles. In contrast, there were no differences among the BFlh, ST, and SM muscles during any
other exercises (Figure 3).
The NEMG of the ST muscle was significantly
higher during NHE than during ICL50 (54.4%, [38.1%,
70.6%]), ICL30 (27.1%, [7.5%, 46.7%]), ICH50 (55.9%,
[41.1%, 70.8%]), and ICH30 (26.7%, [6.8%, 46.5%]) (all
p < 0.05). Moreover, the NEMG of the ST was lower during ICL50 than during ICL30 (-27.2%, [-42.4%, -12.0%])
and ICH30 (-27.7%, [-42.7%, -12.6%]) (p < 0.05). A

similar trend was observed between ICH50 and ICL30 (28.8%, [-43.7%, -13.9%]) as well as ICH30 (-29.2%, [44.2%, -14.3%]) (all p > 0.05).
The NEMG of the BFlh muscle during ICL50 was
lower than that during NHE (-36.2%, [-50.5%, -22.0 %]),
ICL30 (-28.4%, [-43.1%, -13.8%]), and ICH30 (-39.4%, [57.0%, -21.8%]) (p < 0.05). Similarly, the NEMG of the
BFlh muscle was lower during ICH50 than during NHE (25.3%, [-36.4%, -14.2%]), and ICH30 (-28.5%, [-46.0%, 11.0%]) (both p < 0.05).
Moreover, the NEMG of the SM was lower during
ICL50 than during NHE (-40.4%, [-55.5%, -25.2%]),
ICL30 (-26.6%, [-38.4%, -14.9%]), and ICH30 (-29.4%, [42.2%, -16.6%]) (p < 0.05). Similarly, the NEMG of the
SM was lower during ICH50 than during NHE (-40.2%, [54.0%, -26.4%]), ICL30 (-26.4%, [-37.5%, -15.4%]) and
ICH30 (-29.2%, [-39.5%, -19.0%]) (all p > 0.05) (Figure
3).

Figure 3. Comparison of the NEMG (%) of BFlh, ST, and SM muscles among NH, ICL50, ICL30, ICH50, and
ICH30. *, †, and ‡ represent a significant difference (p < 0.05) when NH, ICL30, and ICH30 are compared. § represents a significant
difference (p < 0.05) between ST and BFlh.
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Figure 4. Comparison of the NEMG (%) of GM, ES, and RA muscle among NH, ICL50, ICL30, ICH50, and
ICH30. *, †, and ‡ represent a significant difference (p < 0.05) when NH, ICL30, and ICH30 are compared. ** represents a significant
difference (p < 0.05) between ES compared to GM and RA.

EMG activity of GM, ES, and RA
A significant two-way interaction was observed between
muscle and exercise (F [8,104] = 13.55, η = 0.07, p < 0.05).
For the ES muscle, the NEMG was higher during NHE
than during ICL50 (42.9%, [30.5%, 55.4%]), ICL30
(16.2%, [5.1%, 27.3%]), ICH50 (44.1%, [32.6%, 55.6%]),
and ICH30 (15.8%, [4.3%, 27.3%]) (all p < 0.05). Moreover, the NEMG of the ES was lower during ICL50 than
during ICL30 (-26.8%, [-36.8%, -16.7%]) and ICH30 (27.2%, [-37.1%, -17.3%]) (both p < 0.05). Moreover, ES
was lower during ICH50 than during ICL30 (-27.9%, [37.8%, -18.0%]) and ICH30 (-28.3%, [-38.3%, -18.4%]) (p
< 0.05). The NEMG of the RA was higher during NHE
than during ICH50 (10.6%, [-3.6%, 24.7%]) (p < 0.05).
There was no difference in the NEMG of the GM across
exercises (Figure 4).
Moreover, the NEMG of the ES was higher than
that of the GM (64.8%, 24.9%, 50.9%, 23.8%, and 50.4%,
respect tively) and RA (62.5%, 29.6%, 51.1%, 29.0%, and
52.4%, respectively) during NHE, ICL50, ICL30, ICH50,
and ICH30 (all p < 0.05; Figure 4).

inclination of platform. To the best of our knowledge, no
previous study has demonstrated that the NEMG of the
BFlh and ST muscles can be modulated by changing the
knee flexion angle; however, the activity may not be modulated by work load during NHE.

BFlh/ST and SM/ST NEMG ratios
As shown in Figure 5, the BFlh/ST ratio and SM/ST ratio
had a correlation with knee joint angle during NHE (r = 0.48 and -0.43, respectively; p < 0.05).

Discussion
This study investigated the effect of different knee flexion
angles during NHE with the inclined platform on BFlh
muscle activity. The main finding of this study was that the
NEMG of the BFlh and SM muscles became equivalent to
that of the ST muscle at a shallow knee flexion angle during NHE with an inclined platform, whereas the ST muscle
worked more during conventional NHE than the BFlh muscle. Furthermore, there were no inter-load differences in
the EMG activity of all muscles during isometric NHE at
an equivalent knee joint angle by modulating the

Figure 5. A scatter plot of BFlh/ST and SM/ST corresponding
to the knee joint angle. ● and △ show BFlh/ST and SM/ST, respectively. The broken line and solid line show the linear regression of a knee
angle with BF/ST (y = -0.0208x + 3.5587, r = -0.47) and SM/ST (y = 0.0241x + 3.7886, r = -0.45) (p < 0.05), respectively. The ratio over 1.0
means that the NEMG of BF or SM is higher than that of ST (solid horizontal line).

The finding that the NEMG of the ST was higher
during conventional NHE than during BFlh was in line
with that in previous studies (Ono et al., 2010; Bourne et
al., 2018). However, even during conventional NHE, the
BFlh muscle work is equivalent to that of the ST muscle at
a shallow knee flexion angle with an inclined platform.
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Moreover, even when using an inclined platform, the
NEMG of the BFlh at a knee flexion angle of 30 (ICL30;
63.5 ± 5.6%, ICH; 74.5 ± 7.0%) reached the same level as
that during NHE (71.3 ± 5.9%) and other preferred
exercises for HSI prevention, such as stiff-legged dead lift
with 10‒12 RM weight (38‒55%) (Bourne et al., 2017b;
Iversen et al., 2017). While several studies referred to the
limitation of the NHE in terms of the lack of activation of
the BFlh muscle, which is the most susceptible muscle to
HSI (Bourne et al., 2017b, 2018), the finding of the present
study suggests the usefulness of NHE for HSI prevention
(Brooks et al., 2006; Gabbe et al., 2006; Arnason et al.,
2008; Tsaklis et al., 2015) when the knee angle is set to a
shallow flexion angle.
This study could not provide a clear underlying
mechanism related to this result. As speculated in a previous study (Hegyi et al., 2019), one possible mechanism
may be that the BFlh muscle works more for hip extension
than the ST or SM muscle to keep the upper body straight
during NHE at a shallow knee flexion angle. The GM and
hamstring muscles might generate internal hip extension
torque to keep the pelvis and upper trunk straight during
NHE (Narouei et al., 2018). Additionally, the ES muscle
also works to keep the upper body straight during NHE
(Narouei et al., 2018). However, the activity of the GM was
small regardless of the exercise condition, and no inter-exercise difference was observed. In contrast, an altered center of mass (COM) in the upper body can cause differences
in ES muscle activity between different knee joint angles
during NH, ICL, and ICH. Theoretically, the COM of the
upper body is away from the knee joint (which acts as the
fulcrum during NHE) when the angle between the floor
(horizontal line) and thigh-trunk line increases. The angle
between the floor (horizontal line) and thigh-trunk line of
ICL30 (115) and ICH30 (125) will be greater than that of
NHE (approximately 100-120). However, there was no
significant inter-task difference in GM. Moreover, the activity of ES was significantly lower during ICL and ICH
than during NHE regardless of the knee joint angle. The
mechanism is still unclear, and this trend has led us to speculate that the required effort for hamstring muscles to keep
the thigh to trunk straight will be greater during ICL30 and
ICH50 than during NHE. As previously reported, the relative activity of BFlh to ST muscles is higher in hip extension than knee flexion (Bourne et al., 2018; ); thus, the activity of the BFlh muscle was equivalent to that of the ST
muscle in ICL30 and ICH30, while the EMG activity of the
ST muscle was higher than that of the BFlh muscle. In contrast, the above mechanism may not be responsible for differences in the EMG of the BFlh muscle relative to the ST
muscle among NHE, ICL50, and ICH50 because the angle
between floor (horizontal line) and thigh-trunk line is almost the same in all inclinations (NH; 100-120, ICL50;
95, ICH50; 105). Although we could not provide the exact reason of this trend, one possible lying mechanism may
be the change of the length in hamstring muscles. For instance, the finding of previous studies indicates that the
peak EMG of the ST muscle was obviously greater than
that of BFlh muscle in NHE, while the difference between
the two muscles was less significant or the BFlh muscle
activity was greater than the ST muscle activity when the
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hamstring muscles were lengthened using NHE with a
flexed hip (Šarabon et al., 2019; Marušič and Šarabon,
2020) and a glider (Marušič and Šarabon, 2020).
Additionally, other previous studies speculated the lying
mechanism of the differences in EMG activity between the
BFlh and ST muscles across different knee angle from
morphological features (Makihara et al., 2006; Higashihara
et al., 2019) and the moment arm (Hirose and Tsuruike,
2018). Further research for investigating the mechanism of
our findings from various factors is warranted.
In contrast, the fact that the EMG activity of ES was
greater during NHE than during ICL and ICH implies that
subjects performed the over-extension of the trunk to
shorten the distance between the COM and the knee joint
to decrease the load applied to the hamstring muscles. As
shown in Figure 2, the high NEMG of the hamstring muscles during NHE implies that high muscle activity was required to keep the knee-to-trunk region straight. However,
subjects were required to keep their hip joint straight, leading to an extension of their lumbar region; this was the only
strategy to decrease the high load applied to their hamstring
muscle. The findings of this may reflect that performing
NHE with an inclined platform enables athletes to maximize their hamstring activity with less compensational activity of GM and ES. This finding might contribute to maximizing compliance with NHE to increase its effectivity in
preventing HSI (Lacome et al., 2020).
This study found no inter-load difference in NEMG
activities between ICL and ICH in all hamstring muscles
during NHE with an inclination platform when the knee
flexion angle was set at an equivalent angle. However, the
type of task was different. Hirose and Tsuruike (2018) reported that the increment of applied external loads (manual
resistance from 20% to 40% MVIC) increases EMG activity in BFlh, SM, and ST muscles during prone leg curl. Accordingly, the increment of a slope angle from 50 to 40
may not be sufficient to modulate hamstring activity. Furthermore, even the lying mechanism is still unclear, and the
above report also suggested that there was no significant
difference in the relative EMG activity of the BFlh, SM,
and ST muscles; this suggestion supports the finding of this
study, which indicates that performing NHE with an inclination platform even at low inclination angle with a shallow knee flexion angle (i.e., ICL30) may activate the BFlh
and ST muscle; this is an alternative to conventional NHE.
This study has several limitations. The reliability of
this study may limit our finding in some extent. In case of
BFlh during NHE, the CV of this study must be acceptable
(11.2%) although the value is lower than that of previous
study (4.4%) (Marušič and Šarabon, 2020). However, the
means of their NEMG values appeared to reach the ceiling
effect, ranged between 113.9 and 124.4% NEMG, leading
to less CV value while the mean values of our study was
71.9% NEMG in BFlh during NHE (Figure3), leading to
larger standard deviations across the subjects in the present
study. We did not monitor the knee flexion angle by means
of electrogoniometers. Although manual goniometers yield
highly reliable data (Brosseau et al., 1997;,Piriyaprasarth
and Morris, 2007), further research will be needed with
digital measurements. Moreover, the knee angle and load
with further changes in platform angle during eccentric
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NHE should be investigated in the future, and intervention
research is warranted to clarify the effectiveness of this approach for preventing BFlh muscle injury. In addition, as
shown in Figure 4, individual differences in the BFlh/ST
ratio exist. For instance, even at a 50 knee flexion angle,
the ST muscle worked more than the BFlh muscle in two
of four trials. Thus, additional research with a focus on individual characteristics is required. Finally, even the influence of the biceps femoris short head (BFsh) muscle activity will be less apparent because EMG activity of the aforementioned muscle decreases and the activity of BFlh muscle increases at a shallow knee flexion angle compared to
that at a deep knee flexion angle (Onishi et al., 2002). Further investigations on how the activity of the BFsh muscle
influences our result are needed. Moreover, the difference
in the knee flexion angle between during NHE (80 to 60)
and during ICL/ICH50 was small; we need further studies
using more valid procedures such as a wire electrode to
verify this matter.
Although the study had several limitations, the findings of this study might have some implications for practical settings. For instance, even trained athletes are not able
to perform conventional NHE at a shallow knee flexion angle under 50. In this regard, using the inclined platform
can help athletes to perform NHE at a shallow knee flexion
angle. Helping perform NHE at a shallow knee flexion angle may indicate that this protocol assists athletes to perform eccentric exercise in lengthened positions; this has
positive effects on preventing HIS (Askling et al., 2013,
2014). Moreover, the finding of this study might assist in
providing a progressive program for preventing BFlh muscle injury. As a recent study suggested the importance of a
progressive prevention program for HSI (Presland et al.,
2018), the findings of this study may help healthcare specialists develop a progressive program for activating the
BFlh muscle by modulating the angle of the platform from
a greater angle, such as ICL.

Conclusion
This study clarified that the BFlh and ST muscles are
equally activated during NHE at shallow knee flexion angles with the inclination platform, whereas the ST muscle
worked more during conventional NHE than the BFlh muscle. Moreover, there was no load-dependent difference in
the EMG activity of hamstrings and that of trunk muscles
during NHE with an incline platform by modulating the inclination angle from 50 to 40. From these findings, we
conclude that performing NHE at a shallow knee flexion
angle while using an inclined platform might help prevent
HIS by activating the BFlh muscle as much as ST muscles.
Acknowledgements
We would like to thank to Mr. Furusho and Ms. Yoshimura for assisting
data collection. The experiments comply with the current laws of the
country in which they were performed. The authors have no conflict of
interest to declare. The datasets generated during and/or analyzed during
the current study are not publicly available, but are available from the
corresponding author who was an organizer of the study.

References
Arnason, A., Andersen, T.E., Holme, I., Engebretsen, L. and Bahr, R.
(2008) Prevention of hamstring strains in elite soccer: An intervention study. Scandinavian Journal of Medicine and Science in
Sports 18, 40-48.
https://doi.org/10.1111/j.1600-0838.2006.00634.x
Askling, C.M., Tengvar, M. and Tarassova, O. (2013) Acute hamstring
injuries in Swedish elite football: a prospective randomised controlled clinical trial comparing two rehabilitation protocols. British
Journal
of
Sports
Medicine
47,
953-959.
https://doi.org/10.1136/bjsports-2013-092165
Askling, C.M., Tengvar, M., Tarassova, O. and Thorstensson, A. (2014)
Acute hamstring injuries in Swedish elite sprinters and jumpers:
A prospective randomised controlled clinical trial comparing
two rehabilitation protocols. British Journal of Sports Medicine
48, 532-539. https://doi.org/10.1136/bjsports-2013-093214
Bourne, M.N., Duhig, S.J., Timmins, R.G., Williams, M.D., Opar, D.A.,
Al Najjar, A., Kerr, G.K. and Shield, A.J. (2017a) Impact of the
Nordic hamstring and hip extension exercises on hamstring architecture and morphology: Implications for injury prevention.
British Journal of Sports Medicine 51, 469-477.
https://doi.org/10.1136/bjsports-2016-096130
Bourne, M.N., Williams, M.D., Opar, D.A., Al Najjar, A., Kerr, G.K. and
Shield, A.J. (2017b) Impact of exercise selection on hamstring
muscle activation. British Journal of Sports Medicine 51, 10211028. https://doi.org/10.1136/bjsports-2015-095739
Bourne, M.N., Timmins, R.G., Opar, D.A., Pizzari, T., Ruddy, J.D., Sims,
C., Williams M.D. and Shield, A.J. (2018) An Evidence-Based
Framework for Strengthening Exercises to Prevent Hamstring
Injury. Sports Medicine 48, 251-267.
https://doi.org/10.1007/s40279-017-0796-x
Brooks, J.H.M., Fuller, C.W., Kemp, S.P.T. and Reddin, D.B. (2006) Incidence, risk, and prevention of hamstring muscle injuries in professional rugby union. American Journal of Sports Medicine 34,
1297-1306. https://doi.org/10.1177/0363546505286022
Brosseau, L., Tousignant, M., Budd, J., Chartier, N., Duciaume, L., Plamondon, S., O'Sullivan, J.P., O'Donoghue, S. and Balmer, S.
(1997) Intratester and intertester reliability and criterion validity
of the parallelogram and universal goniometers for active knee
flexion in healthy subjects. Physiotherapy Research International : the Journal for Researchers and Clinicians in Physical
Therapy 2, 150-166. https://doi.org/10.1002/pri.97
Chumanov, E.S., Heiderscheit, B.C. and Thelen, D.G. (2011) Hamstring
musculotendon dynamics during stance and swing phases of
high-speed running. Medicine and Science in Sports and Exercise 43, 525-532.
https://doi.org/10.1249/MSS.0b013e3181f23fe8
Ditroilo, M., De Vito, G. and Delahunt, E. (2013) Kinematic and electromyographic analysis of the Nordic Hamstring Exercise. Journal
of Electromyography and Kinesiology 23, 1111-1118.
https://doi.org/10.1016/j.jelekin.2013.05.008
Ekstrand, J., Hägglund, M. and Waldén, M. (2011) Injury incidence and
injury patterns in professional football: The UEFA injury study.
British Journal of Sports Medicine 45, 553-558.
https://doi.org/10.1136/bjsm.2009.060582
Ekstrand, J., Healy, J.C., Waldén, M., Lee, J.C., English, B. and Hägglund, M. (2012) Hamstring muscle injuries in professional football: The correlation of MRI findings with return to play. British
Journal of Sports Medicine 46, 112-117.
https://doi.org/10.1136/bjsports-2011-090155
Fernandez-Gonzalo, R., Tesch, P.A., Linnehan, R.M., Kreider, R.B., Di
Salvo, V., Suarez-Arrones, L., Alomar, X., Mendez-Villanueva,
A, and Rodas, G. (2016) Individual Muscle use in Hamstring Exercises by Soccer Players Assessed using Functional MRI. International Journal of Sports Medicine 37, 559-564.
https://doi.org/10.1055/s-0042-100290
Gabbe, B.J., Branson, R. and Bennell, K.L. (2006) A pilot randomised
controlled trial of eccentric exercise to prevent hamstring injuries
in community-level Australian Football. Journal of Science and
Medicine in Sport 9, 103-109.
https://doi.org/10.1016/j.jsams.2006.02.001

282

Hegyi, A., Lahti, J., Giacomo, J.P., Gerus, P., Cronin, N.J. and Morin, J.B.
(2019) Impact of hip flexion angle on unilateral and bilateral nordic hamstring exercise torque and high- density electromyography activity. Journal of Orthopaedic and Sports Physical Therapy 49, 584-592. https://doi.org/10.2519/jospt.2019.8801
Heiser, T.M., Weber, J., Sullivan, G., Clare, P. and Jacobs, R.R. (1984)
Prophylaxis and management of hamstring muscle injuries in intercollegiate football players. The American Journal of Sports
Medicine 12, 368-370.
https://doi.org/10.1177/036354658401200506
Higashihara, A., Nagano, Y., Ono, T. and Fukubayashi, T. (2015) Differences in activation properties of the hamstring muscles during
overground sprinting. Gait and Posture 42, 360-364.
https://doi.org/10.1016/j.gaitpost.2015.07.002
Higashihara, A., Nagano, Y., Ono, T. and Fukubayashi, T. (2018) Differences in hamstring activation characteristics between the acceleration and maximum-speed phases of sprinting. Journal of
Sports Sciences 36, 1313-1318.
https://doi.org/10.1080/02640414.2017.1375548
Higashihara, A., Ono, T., Tokutake, G., Kuramochi, R., Kunita, Y., Nagano, Y., et al. (2019) Hamstring muscles' function deficit during
overground sprinting in track and field athletes with a history of
strain injury. Journal of Sports Sciences 37, 2744-2750.
https://doi.org/10.1080/02640414.2019.1664030
Hirose, N. and Tsuruike, M. (2018) Differences in the electromyographic
activity of the hamstring, gluteus maximus, and erector spinae
muscles in a variety of kinetic changes. Journal of Strength and
Conditioning Research 32, 3357-3363.
https://doi.org/10.1519/JSC.0000000000002747
Van Der Horst, N., Smits, D.W., Petersen, J., Goedhart, E.A. and Backx,
F.J.G. (2015) The Preventive Effect of the Nordic Hamstring Exercise on Hamstring Injuries in Amateur Soccer Players: A Randomized Controlled Trial. American Journal of Sports Medicine
43, 1316-1323. https://doi.org/10.1177/0363546515574057
Iversen, V.M., Mork, P.J., Vasseljen, O., Bergquist, R. and Fimland, M.S.
(2017) Multiple-joint exercises using elastic resistance bands vs.
conventional resistance-training equipment: A cross-over study.
European Journal of Sport Science 17, 973-982.
https://doi.org/10.1080/17461391.2017.1337229
Lacome, M., Avrillon, S., Cholley, Y., Simpson, B.M., Guilhem, G. and
Buchheit, M. (2020) Hamstring eccentric strengthening program: Does training volume matter? International Journal of
Sports Physiology and Performance 15, 81-90.
https://doi.org/10.1123/ijspp.2018-0947
Landis, J.R. and Koch, G.G. (1977) The Measurement of Observer Agreement for Categorical Data. Biometrics 33, 159.
https://doi.org/10.2307/2529310
Lee, J.W.Y., Cai, M.J., Yung, P.S.H. and Chan, K.M. (2018) Reliability,
validity, and sensitivity of a novel smartphone-based eccentric
hamstring strength test in professional football players. International Journal of Sports Physiology and Performance 13, 620624. https://doi.org/10.1123/ijspp.2017-0336
Makihara, Y., Nishino, A., Fukubayashi, T. and Kanamori, A. (2006) Decrease of knee flexion torque in patients with ACL reconstruction: Combined analysis of the architecture and function of the
knee flexor muscles. Knee Surgery, Sports Traumatology, Arthroscopy 14, 310-317.
https://doi.org/10.1007/s00167-005-0701-2
Marušič J. and Šarabon N. (2020) Comparison of electromyographic activity during Nordic hamstring exercise and exercise in lengthened position. European Journal of Translational Myology 30,
8957. https://doi.org/10.4081/ejtm.2020.8957
Messer, D., Bourne, M., Williams, M. and Shield, A. (2017) Knee flexor
muscle use during hip extension and the Nordic hamstring exercise: An fMRI study. Journal of Science and Medicine in Sport
20, e125. https://doi.org/10.1016/j.jsams.2017.01.221
Narouei, S., Imai, A., Akuzawa, H., Hasebe, K. and Kaneoka, K. (2018)
Hip and trunk muscles activity during nordic hamstring exercise.
Journal of Exercise Rehabilitation 14, 231-238.
https://doi.org/10.12965//jer.1835200.600
Onishi, H., Yagi, R., Oyama, M., Akasaka, K., Ihashi, K., Handa, Y.
(2002) EMG-angle relationship of the hamstring muscles during
maximum knee flexion. Journal of Electromyography and Kinesiology 12, 399-406.
https://doi.org/10.1016/S1050-6411(02)00033-0
Ono, T., Higashihara, A. and Fukubayashi, T. (2011) Hamstring functions
during hip-extension exercise assessed with electromyography

Activity of biceps femoris muscle

and magnetic resonance imaging. Research in Sports Medicine
19, 42-52. https://doi.org/10.1080/15438627.2011.535769
Ono, T., Okuwaki, T. and Fukubayashi, T. (2010) Differences in activation patterns of knee flexor muscles during concentric and eccentric exercises. Research in Sports Medicine 18, 188-198.
https://doi.org/10.1080/15438627.2010.490185
Opar, D.A., Williams, M.D., Timmins, R.G., Hickey, J., Duhig, S.J. and
Shield, A.J. (2015) Eccentric hamstring strength and hamstring
injury risk in Australian footballers. Medicine and Science in
Sports and Exercise 47, 857-865.
https://doi.org/10.1249/MSS.0000000000000465
Orchard, J. and Best, T.M. (2002) The management of muscle strain injuries: An early return versus the risk of recurrence. Clinical
Journal of Sport Medicine 12, 3-5.
https://doi.org/10.1097/00042752-200201000-00004
Petersen, J., Thorborg, K., Nielsen, M.B., Budtz-Jørgensen, E. and
Hölmich, P. (2011) Preventive effect of eccentric training on
acute hamstring injuries in Men's soccer: A cluster-randomized
controlled trial. American Journal of Sports Medicine 39, 22962303. https://doi.org/10.1177/0363546511419277
Piriyaprasarth, P. and Morris, M.E. (2007) Psychometric properties of
measurement tools for quantifying knee joint position and movement: A systematic review. Knee 14, 2-8.
https://doi.org/10.1016/j.knee.2006.10.006
Presland, J.D., Timmins, R.G., Bourne, M.N., Williams, M.D. and Opar,
D.A. (2018) The effect of Nordic hamstring exercise training
volume on biceps femoris long head architectural adaptation.
Scandinavian Journal of Medicine and Science in Sports 28,
1775-1783. https://doi.org/10.1111/sms.13085
Šarabon N, Marušič J, Marković G. and Kozinc Ž. (2019) Kinematic and
electromyographic analysis of variations in Nordic hamstring exercise. Plos One 14, e0223437 https://doi.org/10.1371/journal.pone.0223437
Schache, A.G., Wrigley, T. V., Baker, R. and Pandy, M.G. (2009) Biomechanical response to hamstring muscle strain injury. Gait and
Posture 29, 332-338.
https://doi.org/10.1016/j.gaitpost.2008.10.054
Timmins, R.G., Bourne, M.N., Shield, A.J., Williams, M.D., Lorenzen,
C. and Opar, D.A. (2016) Short biceps femoris fascicles and eccentric knee flexor weakness increase the risk of hamstring injury in elite football (soccer): A prospective cohort study. British
Journal of Sports Medicine 50, 1524-1535.
https://doi.org/10.1136/bjsports-2015-095362
Tsaklis, P.V., Malliaropoulos, N., Mendeguchia, J., Korakakis, V., Tsapralis, K., Pyne, D. and Malliaras, P. (2015) Muscle and intensity
based hamstring exercise classification in elite female track and
field athletes: implications for exercise selection during rehabilitation. Open Access Journal of Sports Medicine 26, 209-217.
https://doi.org/10.2147/oajsm.s79189
Yeung, S.S., Suen, A.M.Y. and Yeung, E.W. (2009) A prospective cohort
study of hamstring injuries in competitive sprinters: Preseason
muscle imbalance as a possible risk factor. British Journal of
Sports Medicine 43, 589-594.
https://doi.org/10.1136/bjsm.2008.056283

Key points





Performing Nordic Hamstring exercise at a shallow
knee flexion angle will enhance the biceps femoris
muscle rather than the semitendinosus muscle
There is no significant inter-load difference in the
EMG activity of hamstring muscles across different
inclination platform angles when the knee joint angle is the same
Using an incline platform enables athletes with an
insufficient strength of hamstring muscles to perform Nordic Hamstring exercises at a shallow knee
angle.
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