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Background  
The Nordic hamstring exercise (NHE) is useful for preventing hamstring strain injuries. 
However, its adoption rates in the sports field are currently low, necessitating a safe and 
efficient introduction. 

Hypothesis/Purpose  
The purpose was to examine the relationship between the eccentric force during the NHE 
and the one repetition maximum of deadlift. It was hypothesized that the eccentric force 
during the NHE would be correlated with the one repetition maximum (1RM) of the 
deadlift. 

Study design   
Cross-sectional study. 

Methods  
Healthy student rugby players with no history of hamstring tears were recruited to 
participate. The peak eccentric forces during the NHE, which is the vertical peak force on 
the part holding the leg, were measured in both legs, while gradually leaning forward to a 
prone position over three seconds. The 1RM of deadlift was calculated from the weight 
that could be raised three times during a deadlift (x kg) using the estimated formula (x kg 
/ 0.93). The correlation between the left and right peak eccentric forces during the NHE, 
the total left and right forces, and the 1RM of the deadlift was examined using 
Spearman’s rank correlation coefficient, with all values corrected for body mass. 

Results  
During the NHE, the peak eccentric force of the right and left legs and the total peak 
eccentric force of both legs were 3.8 ± 1.1 N/BM, 3.8 ± 1.2 N/BM, and 7.6 ± 2.1 N/BM, 
respectively. The 1RM of deadlift was 1.9 ± 0.3 kg/BM. Weak correlations (r = 0.34–0.37) 
were found between the 1RM of the deadlift and the peak eccentric force in the right and 
left legs and the total peak eccentric force of both legs. 
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Conclusion  
The present study revealed a weak correlation between the peak eccentric force during 
the NHE and 1RM of deadlift 

Level of Evidence    
2c 

INTRODUCTION 

Hamstring strain injury (HSI) is a common injury in sports 
involving sprinting.1‑3 For the prevention of HSI, sufficient 
muscle strength (especially eccentric muscle strength) is 
considered important to control the powerful external load 
on the hamstring that occurs from the end of the swing 
phase to ground contact during the sprinting.4,5 Recently, 
many studies have suggested a relationship between eccen
tric hamstring strength and HSI,6‑8 and it is generally ac
cepted that hamstring eccentric exercises are important for 
HSI prevention and rehabilitation in sports. 

The Nordic Hamstring Exercise (NHE) is a typical ham
string eccentric exercise, and NHE training provides ben
efits such as increased eccentric hamstring strength and 
lengthening of muscle fascicle length that can reduce the 
risk of hamstring strain injury.9‑11 In their systematic re
view, Van Dyk et al. concluded that the programs that in
clude the NHE reduce hamstring injuries by up to 51%.12 

However, the NHE as a HSI prevention exercise has a low 
adoption rate, with only approximately 13% in men’s pro
fessional football teams in Europe adopting this exercise.13 

Low compliance may be related to athletes’ experience of 
muscle stiffness and soreness after NHE training. To elimi
nate these potential barriers to adopting NHE as a preven
tive exercise for HSI, it is important to develop appropri
ate exercise strategies in order to implement the NHE safely 
and efficiently. 

NHE performance is generally evaluated by the eccentric 
force during NHE, which is the vertical force on the part 
holding the leg,14,15 and eccentric force during NHE is con
sidered useful for predicting HSI risk.16,17 Previous authors 
have reported a small or no correlation between eccentric 
force during NHE and eccentric knee flexor torque mea
sured by an isokinetic dynamometer,18,19 suggesting that 
some factors other than eccentric knee flexor strength con
tribute to NHE performance. Interestingly, during NHE, not 
only knee joint torque but also hip joint torque occurs, 
and muscle activity of the hip and trunk extensors, such 
as the erector spinae and gluteus maximus, is also ob
served,20‑22 indicating the importance of hip and trunk ex
tensor strength during NHE performance. The deadlift is 
a classic strength training used to strengthen the hip and 
trunk extensors,23‑25 and similarities to NHE in hamstring 
muscle activity during exercise have also been reported26; 
however, the similarity of peak force between the two ex
ercises has not yet been determined. Clarifying the rela
tionship between eccentric force generated during the NHE 
and the one repetition maximum (1RM) of deadlift, which 
reflects the hip and trunk extensor strength, will provide 
new insights into the importance of hip and trunk extensor 
strength during the NHE, and may also help demonstrate 

the usefulness of deadlift as an appropriate exercise to per
form before progressing to NHE. 

Therefore, in the present study, the relationship between 
the eccentric force during the NHE and the 1RM of deadlift 
was examined. It was hypothesized that the eccentric force 
during the NHE would be correlated with the 1RM of dead
lift. 

MATERIALS AND METHODS 

PARTICIPANTS 

Forty-nine healthy young rugby players, who were the top 
players in their region, were recruited for the present study. 
Participants habitually performed resistance training, in
cluding of the knee flexors two to three times a week for 
at least one year, and had sufficient experience with NHE. 
None of the participants had experienced hamstring strain 
or knee-joint injury. A sample size calculation was per
formed using G*Power 3.1.9.6. Assuming a two-tailed test 
for the population correlation coefficient with an expected 
correlation coefficient of 0.4, a significance level of 5%, and 
a power of 80%, the required sample size was calculated to 
be 44 cases. This study was approved by the institutional 
ethics committee and was conducted in accordance with the 
principles of the Declaration of Helsinki. The study pro
cedures and potential risks were explained to the partici
pants, and each provided written informed consent before 
participating in the study. 

EXPERIMENTAL DESIGN 

This cross-sectional study was conducted over a single day. 
After the warm-up, the participants performed the NHE 
and 1RM deadlift, as explained below. The two tests were 
performed in random order with adequate rest between the 
two. 

ECCENTRIC FORCE DURING THE NHE 

For eccentric force evaluation, each participant was placed 
in a kneeling position on a custom-made NHE device (4As
sist Inc, Tokyo, Japan) with each ankle secured above the 
lateral malleolus with an ankle brace attached to a load cell 
sensor (Figure 1). The force acting on the ankle brace in 
the vertical direction was quantified using a load-cell sen
sor. Force data were synchronized and transferred at 1,000 
Hz from a PowerLab16/35 data acquisition and analysis sys
tem (AD Instruments, Bella Vista, NSW, Australia) to a per
sonal computer (VersaPro; NEC Corporation, Tokyo, Japan). 
Each participant was instructed by the examiner to gradu
ally lean forward from the initial kneeling position at 90° 
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Figure 1. Measurement setup for eccentric force during       
the Nordic hamstring exercise.     

knee flexion to a prone position over three seconds, with 
the arms crossed at the chest and hip joints fully extended, 
and the ankle was passively secured in the dorsiflexed posi
tion. Before testing, the participants practiced the NHE two 
to three times. To standardize the velocity of movement, 
the participants were instructed to lean forward at a con
stant angular velocity, as indicated by a metronome. Eccen
tric force data was corrected for body mass (N/BM), and the 
peak eccentric force of both legs and the total peak eccen
tric force of both legs were used for further analyses. 

1RM DEADLIFT PERFORMANCE 

Before testing, the participants performed three rounds of 
warm-up trials with submaximal effort. The 1RM of the 
deadlift was calculated from the weight that could be raised 
three times (x kg) using the estimation formula (x kg / 0.93) 
and corrected for body mass (kg/BM) 

STATISTICAL ANALYSES 

The Shapiro–Wilk test was used to assess the normality of 
the measures. Since some parameters were not normally 
distributed, Spearman’s rank correlation coefficients were 
used to examine the relationships between the peak ec
centric force during the NHE and the 1RM deadlift perfor
mance. The following correlation criteria were adopted: 0, 
none; r < 0.4, weak, r < 0.7, moderate; r < 0.9, strong; 1, per
fect.27 Statistical significance was set at p < 0.05. Statistical 
analyses were performed using the SPSS software version 
27 (SPSS Inc., Chicago, IL, USA). 

RESULTS 

Participant’s physical characteristics are shown in Table 1. 
Table 2 presents the variables in peak eccentric force during 
NHE and 1RM of deadlift. Figure 2 shows the correlations 
between the peak eccentric force during the NHE and the 
1RM of the deadlift. Notably, a weak but significant corre
lation was found between the 1RM of the deadlift and the 
peak eccentric force in the right (r = 0.34, p = 0.02) and left 

Table 1. Participant’s physical characteristics.    

　
Mean ± SD 

(MIN − MAX) 

Age (years) 18.7 ± 1.2 (16−20) 

Body mass (kg) 82.0 ± 15.2 (55.4−128.2) 

Height (m) 1.73 ± 5.7 (1.6−1.88) 

MIN= minimum, MAX= maximum 

Table 2. Characteristics of all variables of interest       

　
Mean ± SD 

(MIN−MAX) 

Peak NH-force (N/BM) 

Right leg 3.8 ± 1.1 (2.1−6.5) 

Left leg 3.8 ± 1.2 (1.8−6.7) 

Total of both legs 7.6 ± 2.1 (4.3−13.0) 

1 RM of dead lift (kg/BM) 1.9 ± 0.3 (1.0−2.6) 

MIN= minimum, MAX= maximum, N= Nordic hamstring, RM= repetition maximum, SD= 
standard deviation, BM= body mass 

Figure 2. Correlations between the one repetition      
maximum of deadlift and peak eccentric force during         
Nordic hamstring exercise among the 49 study        
participants; r (95% confidence intervals) and p-values        
of Spearman’s rank correlation coefficient are shown        
in each figure.    

legs (r = 0.37, p = 0.01) and the total peak eccentric force of 
both legs (r = 0.36, p = 0.01). 

DISCUSSION 

The present study found weak correlations between the 
peak eccentric forces during NHE and the 1RM of a deadlift 
(r = 0.34–0.37). These results support the hypothesis. 

Previous authors have reported a limited correlation be
tween the eccentric force during NHE and eccentric knee 
flexor strength measured using an isokinetic dynamome
ter.18,19 van Dyk et al. found a weak correlation (r = 0.35) 
between eccentric force during NHE and eccentric knee 
flexion torque at 60 ̊ /s, and the authors previously reported 
no correlations between the peak eccentric torque during 
NHE and peak eccentric knee flexion torque (r = 0.24).18 

Taken together, this would indicate that NHE performance 
is not expected to reflect only knee flexor strength. Previ
ous authors have indicated that hip joint torque was about 
half the knee joint torque,22 and muscle activity of the both 
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the hip and trunk extensors20‑22 occurred during the NHE. 
In addition, exercises emphasizing hip extension improve 
eccentric force during the NHE,10,28 suggesting an asso
ciation between eccentric force during NHE and hip and 
trunk extensor strength. However, to the best of the au
thors’ knowledge, no previous study has considered the re
lationship between the eccentric force during NHE and hip 
and trunk extensor strength. This was the first study to ex
amine the relationship between eccentric force of the ham
strings during NHE and the 1RM of deadlift, which both 
reflect hip and trunk extensor strength, and may provide 
new insights into the importance of hip and trunk extensor 
strength in NHE. 

In the present study, the correlation between eccentric 
force during NHE and the 1RM of deadlift was weak (r = 
0.34–0.37). The eccentric force during the NHE reflects the 
exerted muscle force during an eccentric muscle contrac
tion, whereas the 1RM of deadlift reflects the exerted mus
cle force during a concentric muscle contraction. This dif
ference in contraction mode may be reflected in the weak 
correlation. The degree of correlation between the eccentric 
force during the NHE and 1RM of deadlift was similar to 
that reported in a previous study between the eccentric 
force during the NHE and eccentric knee flexor torque mea
sured using an isokinetic dynamometer (r = 0.35).19 Thus, 
lower-extremity muscle strength may not be a crucial factor 
in determining NHE performance. Previously, it was shown 
that individuals who were able to lean their bodies forward 
closer to the floor during NHE were able to exert greater ec
centric force during NHE,18 suggesting the importance of 
ability to control NHE movements. Trunk extensor muscle 
activity has been observed during NHE21,22 and is thought 
to play an important role in controlling NHE movements. 
In the future, it will be necessary to examine not only the 
magnitude of lower limb muscle strength but also the mag
nitude of muscle activity in the trunk muscles during the 
NHE and whether the muscle activity patterns of the ham
string, trunk muscle group, and hip extensor muscle group 
during NHE affect the eccentric force produced during NHE. 

The effectiveness of NHE for the prevention of HSI has 
been made clear in previous studies12; however, even in 
soccer, which has a very high incidence of NHE, the adop
tion rate of NHE for prevention is remarkably low (13%).13 

As transient muscle damage to the hamstrings has been re
ported after the NHE,29 there are potential barriers, such 
as post-training muscle stiffness and soreness, which may 
contribute to a lower adoption rate. As it is difficult to con
trol the NHE intensity and load on the muscles, the safe 
and efficient implementation of NHE in a phased training 
program requires exploring the exercises that may be per
formed before progressing to the NHE. Previous authors 
have suggested that the deadlift may be an appropriate ex
ercise to consider for progressing to the NHE. The dead
lift is typically considered for hip extensor muscle strength 
training. The electromyographic (EMG) activity of the ham
string during a deadlift is reported to be approximately 
20–30% less than that observed during the NHE,26,30 and 
EMG activity above 60% of maximal voluntary isometric 
contraction was observed in the erector spine and lumbar 

multifidus during a deadlift, which are also active during in 
NHE.23,24 Moreover, Boyer et al., examined the muscle ac
tivation ratios of semimembranosus (SM/Hamstring), semi
tendinosus (ST/Hamstring), biceps femoris (BF/Hamstring) 
in total hamstring muscle activation as an index of the con
tribution of each muscle to the global activation of the 
hamstrings, and reported that the SM/Hamstring (r = 0.66; 
p = 0.005), ST/Hamstring (r = 0.42; p = 0.05), and BF/Ham
string (r = 0.60; p = 0.01) activation ratios were moderately 
correlated between NHE and stiff-leg deadlift.26 These re
sults indicate that the muscle activation patterns during 
the two exercises are similar within participants and sup
port the idea that the deadlift may be an appropriate ex
ercise for progressing to the NHE. However, the present 
study showed only a weak correlation between peak eccen
tric force during the NHE and 1RM of the deadlift. There
fore, the similarity between the two exercises in peak force 
may play only a limited role in supporting the idea that the 
deadlift is an appropriate exercise to perform before pro
gressing to the NHE. Considering the difficulty of the ex
ercise and the load on the hamstring, the deadlift is often 
considered safer than NHE, but further studies are required 
to clarify its usefulness as an appropriate exercise to per
form before progressing to NHE due to the differences in 
muscular action. 

Some limitations of this study must be addressed. Al
though the 1RM of deadlift was measured in this study, 
variations in exercise form between individuals may have 
affected the contribution of each joint. To reduce form vari
ation, it was necessary to select an exercise that is easier 
to standardize, such as the stiff-leg deadlift, which empha
sizes hip extension. As the relationship between the ex
erted muscle force and deadlift is based on the force exerted 
during different contraction modes, it may be necessary 
to examine the relationship when the contraction mode is 
the same. In addition, the 1RM of deadlift is not a mea
sure of pure trunk and hip extensor strength; therefore, it 
will be necessary to examine the relationship between hip 
extensor strength and trunk extensor strength in single-
joint movement, and the eccentric force occurring during 
the NHE to clarify the contributions of trunk and hip exten
sor strength during the NHE. 

CONCLUSION 

The results of the present study indicate that weak corre
lations exist between the peak eccentric force during the 
NHE and the 1RM of deadlift (r = 0.34–0.37). These results 
may play only a limited role in supporting the idea that the 
deadlift is an appropriate exercise to perform before pro
gressing to the NHE. 
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