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Article 
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Abstract: Nordic exercises are widely used to improve physical performance and prevent injuries; 
however, their applicability across different sports remains unclear. Objective: This study examined 
the effects of Nordic exercises on the lower limbs and their relationship with absolute strength and 
vertical jump performance across various sports disciplines (soccer, athletics, basketball, sport 
climbing, cycling, and taekwondo). Methods: We conducted a quasi-experimental study involving 
122 athletes (mean age 18.2 ± 3.2 years), who were not in pre-competitive or competitive periods, 
distributed across the following disciplines: soccer (n = 24), sprinting/athletics (n = 20), sport climbing 
(n = 20), basketball (n = 24), taekwondo (n = 14), and cycling (n = 20). Participants were randomly 
assigned to a control group (CG) n = 57 with regular training and an experimental group (EG) n = 65 
that performed Nordic Hamstring Exercises (NHE). The effects of a 7-week NHE program were 
assessed on absolute strength (measured with a dynamometer) and vertical jump performance (Vert). 
A mixed-design repeated measures ANOVA was used, considering the factors time, group, and sport 
discipline, with a significance level set at p<0.05. Results: Both groups (CG and EG) presented 
homogeneous baseline values for absolute strength (dominant and non-dominant sides) and vertical 
jump (p>0.05). The EG exhibited significant gains in dominant-leg strength (from 12.4 kg to 14.5 kg), 
non-dominant side strength (from 11.1 kg to 13.8 kg), and vertical jump (from 42.4 cm to 45.8 cm), 
with statistically significant differences between pre- and post-tests (p< 0.01). No relevant changes 
were observed in the CG. The repeated measures ANOVA confirmed a significant time × group effect 
in all three variables (p< 0.01), although no significant time × sport × group interaction was found. 
The largest strength gains occurred in strength were observed in sport climbing, basketball, and 
athletics, and in vertical jump in soccer. Conclusion: Absolute strength improvements were most 
notable in sport climbing, basketball, football and sprinting. Vertical jump performance improved 
notably in soccer, sprinting/athletics, climbing and basketball. These results justify incorporating 
NHE into youth athletes’ training, tailored to the specific demands of each sport. 

Keywords: Nordic exercise 1; hamstring strength 2; vertical jump performance 3; absolute strength 4; 
lower limb 5.  
 

1. Introduction 

A primary goal of sports training, conditioning, and physiotherapy is to design strategies and 
periodization models that optimize physical preparedness and athletic performance [1,2]. The 
existing literature highlights the importance of improving absolute strength and establishing 
effective injury prevention models across different sports disciplines. Currently, several interventions 
based on specific physical stimuli are being discussed, showing both positive and negative results in 
the enhancement of these capacities. Sudies suggest that 62% of athletes sustain injuries, 92% of which 
involve the lower limbs. Among them, about 33% are hamstring-related injuries, underscoring the 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 April 2025 doi:10.20944/preprints202405.1523.v3

©  2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202405.1523.v3
http://creativecommons.org/licenses/by/4.0/


 2 of 18 

 

urgent need to implement specific prevention and monitoring strategies to reduce the risk of such 
injuries in athletic populations [3]. 

Key strategies include addressing muscular deficits, enhancing strength, preventing injuries, 
and facilitating return-to-sport progression. This latter area has been more extensively investigated 
in sports such as soccer, due to its high physical demands and the elevated prevalence of muscular 
injuries in the posterior thigh region. A recent study reviewing the prevalence of injuries in 
basketball, handball, and volleyball players reported that, in basketball, muscular strains occur in 
21.2% of elite male players. In the case of female players, lower limb injuries accounted for 29.03% of 
all reported cases. Similarly, among professional NBA players, the most common injuries were also 
concentrated in the lower extremities [4–6]. 

Understanding the physical demands of each sport, strength and conditioning programs are 
designed specifically [5]; tailored to technical demands like jumping, sprinting, and directional 
change. It is essential that both strength training and the development of other physical capacities are 
appropriately aligned with the programming of elite athletes. Furthermore, evidence emphasizes the 
importance of proper planning, including training duration and periodization characteristics. 
Variations have been identified in the execution time of motor tasks, the mode of exercise application, 
and even the suitability of physical stimuli—factors that must be tailored according to the biological 
principles of training required for optimal preparation [7–9].  

Elite and recreational athletes routinely perform explosive movements that place high demands 
on the hamstrings. Various authors have addressed this topic, emphasizing the need to target muscle 
groups that experience high levels of tension, eccentric loading, functional activity, and injury risk 
following high-intensity athletic demands [10–12]. One of the most affected muscle groups are the 
hamstrings, for which several programs have been developed using specialized and specific 
protocols. Notable interventions include the NHE, FIFA 11+, and core stability training, all of which 
improve performance and reduce injury risk [13–15]. 

Eccentric training generates greater muscular tension, contributing to muscle strengthening, 
reducing the incidence of injuries, increasing fascicle length, and minimizing asymmetries in the 
lower limbs [16]. Evidence suggests that the risk of hamstring injury is mainly associated with a 
previous injury history and a wider age range among athletes [17–19]. Running-based activities 
heighten hamstring injury risk due to their anatomical role and antagonistic relationship with the 
quadriceps. From a biomechanical perspective, their dual action on the knee and hip—known as the 
“Lombard Paradox” implies that while the quadriceps and hamstrings act simultaneously, they exert 
opposing effects on muscle length, thereby increasing the risk of injury. Additionally, it is important 
to highlight that the hamstrings play a key role in deceleration during walking, running, and high-
speed directional changes. However, further research is recommended to explore the correlation 
between these functional roles and injury risk [20–22]. 

In taekwondo, trained skills focus primarily on kicking techniques, which is why most injuries 
are localized in the lower limbs [23]. To prevent these injuries and improve performance, it is 
recommended to implement a training program with appropriate exercise dosing, with a primary 
goal of strengthening the lower extremities [24]. In athletics, both hamstring volume and strength are 
associated with improved sprint acceleration performance [25]. Moreover, it has been shown that 
lower limb strength training programs require time and consistency to be effective in reducing the 
risk of injuries [26]. In sport climbing, although predominant physical demands focus on the upper 
limbs, adequate hip mobility, aerobic endurance, hamstring and back strength, and vertical jump 
capacity are also required. These demands may vary depending on the specific subdiscipline 
practiced [27,28]. In basketball, eccentric strength is considered a key factor for rapid and efficient 
deceleration. A cross-sectional study demonstrated that athletes with higher levels of NHE strength 
exhibited better deceleration skills as well as improved jumping performance [29]. Finally, in cycling, 
the repetitive knee motion requires coordinated activation of the hamstrings and quadriceps, 
functioning as agonist and antagonist, respectively. This makes it necessary to include training 
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strategies focused on preventing muscular imbalances, with an emphasis on comprehensive lower 
limb strengthening [30]. 

This study analyzes the effects of the NHE on absolute strength and vertical jump performance, 
aiming to understand its impact according to the specific demands of sports such as soccer, 
sprinting/athletics, basketball, sport climbing, cycling, and taekwondo. Musculoskeletal damage to 
the hamstrings is common across various sports disciplines [19], and has been especially studied in 
soccer players, according to the most recent reviews [20,31]. However, there is still limited 
information regarding the incidence and behavior of these injuries in other sport modalities. 
Currently, NHE protocols have been incorporated into both physiotherapy programs and athletic 
training routines, with the aim of enhancing eccentric strength and preventing hamstring injuries. 
Their application has shown multiple benefits and is widely recommended [11,32–34]. Nevertheless, 
although NHE is considered the gold standard for hamstring injury prevention in soccer, its 
effectiveness in other sporting contexts is not yet fully established. A recent systematic review 
evaluated the impact of NHE on sports performance and injury prevention, demonstrating 
improvements in knee flexor strength and suggesting that a high-volume protocol followed by low-
volume maintenance might be more appropriate for implementation in team sports and 
rehabilitation settings, particularly when combined with a comprehensive physiotherapy program. 
[35–37] 

2. Materials and Methods 

This was a quasi-experimental pre and post-test study [34]; designed to evaluate the effects of 
NHE on vertical jump performance and absolute strength in athletes. The NHE protocol was applied 
over a 9-week intervention, which included one week of initial assessment (pre-test), seven weeks of 
training, and one week of final assessment (post-test). 

2.1. Participants 

In 2022, participants were recruited via federations and sports clubs, with these inclusion 
criteria: a) Athletes registered in federations or sports clubs in the province of Imbabura, Republic of 
Ecuador; b) Athletes with at least 12 months of consistent experience in their respective sport 
discipline; c) Aged between 16 and 28 years; d) Athletes or their legal guardians who signed the 
informed consent form; e) Not currently in a competitive phase or approaching one, according to the 
training macrocycle for each discipline; f) In good health (no musculoskeletal or respiratory 
conditions), with a normal Body Mass Index (BMI) as recorded in the databases of the respective 
sports clubs; g) No participation in an NHE or similar protocol within the six months prior to the 
intervention. 

A total of 166 eligible athletes were registered. The sample size was calculated for a finite 
population, with a 5% margin of error and a 95% confidence level, resulting in an initial sample of 
122 participants [38]. During the process, the sample was increased to 130 participants to account for 
potential dropouts. The graphical protocol is detailed in Figure 1.  

The sample was classified into two independent groups: a CG, which continued with their 
regular training according to their sport discipline, and an EG, to which the NHE were added as part 
of their routine. Both groups were required to present homogeneous values in vertical jump 
performance and absolute strength of both the dominant and non-dominant limbs. The latter was 
assessed bilaterally to avoid biased results (Table 2) 

During the evaluation and intervention process, some athletes were excluded for the reasons 
outlined in Figure 1. In the end, the CG consisted of 57 athletes and the EG included 65 athletes (mean 
age: 18.2 ± 3.2 years), representing the following disciplines: soccer (n = 24), sprinting/athletics —100 
and 200 meters— (n = 20), sport climbing (n = 20), basketball (n = 24), taekwondo (n = 14), and cycling 
(n = 20). The characteristics of these groups are detailed in Table 2. 

Groups were randomized using Microsoft Excel 2021’s automated randomization function. Each 
participant was assigned a number, which remained hidden until the draw was completed. At the 
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time of group assignment, the participants were identified and randomly subdivided into two 
independent groups: CG (n = 57) and EG (n = 65). 

 
Figure 1. Flow diagram of participants. 

2.2. Instruments 

Instrument 1: Vertical Jump – Reliability coefficient: 0.97. The VERT vertical jump device, 
equipped with G Windth of Nickel technology, was used to determine jump height in centimeters 
[39]. 

Instrument 2: Absolute Strength – Lower limb dynamometer: A CRANE SCAL electronic leg 
scale was used to assess strength levels, providing values in kilograms and newtons. The device 
demonstrates excellent validity for lower limb movements (ICC > 0.9) and moderate intra- and inter-
rater reliability (ICC > 0.75) [40].  

2.3. Procedures 

Before the study began, potential participants were contacted, informed of the research 
objectives, and provided written informed consent. Athletes were recruited asynchronously to 
exclude those in competitive phases or nearing major events, ensuring protocol adherence. 

The study followed the Declaration of Helsinki, with guaranteed data anonymity and 
confidentiality. 

Seven physiotherapists all with prior experience in a pilot study of 60 multi-sport athletes were 
trained to administer pre- and post-test evaluations [10]. Port-specific trainers collaborated with 
physiotherapists to implement the intervention protocol and post-test following a standardized 
training session [41]. The intervention adapted a published NHE protocol for athlete-specific needs 
and replicability. 

The research process was divided into three phases: 
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1. Pre-test phase: 
a. Athletes were grouped by sport at their training facilities for study briefing and consent. b. 

Randomization assigned participants to CG or EG using a standardized draw. c. Pre-test evaluations 
occurred at training sites (Monday post-rest weekend), with coach/athlete approval. d. Pilot data 
indicated 13 minutes per athlete for evaluations. 

2. NHE Training Phase 
a. Starting position: 

• Kneel on a padded surface, torso upright and facing forward. 
• A partner/therapist stabilizes the ankles."Kneel on a padded surface. 

b. Activation & Descent: 
• Stabilize the trunk by contracting glutes, core, and back muscles. 
• Keep arms unsupported (extended or relaxed). 
• Lean forward slowly, extending knees without hip flexion to maximize eccentric hamstring 

loading (Figures 2–3).Contract the glutes, core, and back muscles to stabilize the trunk. 

 

Figure 2. NHE training execution. 

 

Figure 3. Group NHE training session guided by the physiotherapist. 

3) Post-test phase: 
Post-test evaluations were administered to all athletes (CG and EG) after the 7-week 

intervention, replicating pre-test procedures. 
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For both the pre-test and post-test assessments, a standardized 20-minute warm-up was 
conducted, which included: 

• Standardized 20-minute warm-up (pre- and post-test): 
• General-to-specific joint mobility (proximal-to-distal, upper/lower limbs). 
• Ground-level jogging.  
• Squats, deadlifts, and bridges: 3 sets × 10s tension/10s rest. 
• Quadriceps/hamstring stretching: 2 sets × 10s hold. 

Three trials per test were averaged. Vertical jump was assessed on Day 1; dynamometer-based 
strength on Day 2. 

2.4. NHE Training Protocol (Table 1) 

The EG completed NHE sessions before regular training for 7 weeks. 
Each session included the standardized 20-minute warm-up (identical to testing) and a 5-minute 

cool-down. 
The NHE protocol followed the training plan outlined in Table 1: 
1. Volume Progression: 
⦁ Weeks 2–4: 2 sets/session. 
⦁ Weeks 5–8: 3 sets/session. 
2. Repetition Scheme: 
⦁ Increase by 2 reps/week until Week 6, then maintain. 
3. Eccentric Tension: 
⦁ Start: 2s eccentric hold; progress to 5s. 
4. Rest & Duration: 
⦁ 2-minute inter-set rest; total session: 23–25 minutes. 
Physiotherapists and coaches collaboratively monitored EG/CG athletes. The CG maintained 

unmodified training routines throughout. 

Table 1. NHE training protocol. 

Weeks 1  2 3 4 5 6 7 8 9 

Warm-up- 
minutes 

 
 
P 
R 
E 
- 
T 
E 
S 
T 

 15 15 15 15 15 15 15  
 
P 
O 
S 
T 
- 
T 
E 
S 
T 

Serie  2 2 2 3 3 3 3 

Repetitions  5 6 8 10 12 12 10 

Eccentric 
tensión in 
seconds 

 2 2 3 3 5 5 3 

Rest in 
minutes 

 2 2 2 1 1 1 1 

Cool-Down 
in minutes 

 5 5 5 5 5 5 5 

Total time 
in minutes  

 23 23 23 24 25 25 24 
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2.5. Statistical Analysis 

A database was created and processed using a statistical software package. The qualitative 
variable gender is presented as frequencies (f) and percentages (%), while the quantitative variables 
— age; initial and final strength of the dominant and non-dominant sides; initial and final vertical 
jump height — are reported as mean values and standard deviations (±). 

Normality was confirmed via Kolmogorov-Smirnov tests, justifying parametric test. An 
independent samples t-test was used to compare mean values between the control and experimental 
groups at both baseline and post-intervention phases. A paired samples t-test was used to assess 
within-group differences (pre- and post-intervention) for both experimental and control groups 

To analyze the effects of the intervention on absolute strength (dominant and non-dominant) 
and vertical jump, A 2-way mixed ANOVA assessed intervention effects, with: Within-subject factor: 
Time (pre/post); between-subject factors: Group (EG/CG) and Sport (6 disciplines); interactions 
tested: Time×Group (TG), Time×Sport×Group (TSG); Effect sizes: ηp²; p<0.05. 

3. Resultados 

There were no statistically significant differences in baseline dominant-side strength between 
the CG and the EG, with a mean value of approximately 12.4 kg. Similarly, the non-dominant side 
strength showed no significant intergroup differences, presenting an average of 11.1 kg. Vertical 
jump performance ranged between 40.5 and 42.4 cm in both groups, with no statistically significant 
differences observed. These findings, presented in Table 2, indicate homogeneity between the 
independent samples across the primary study variables.  

Table 2. Initial characteristics of the athletes. 

The EG received the intervention for 7 weeks, generating significant differences between the 
initial and final values: The absolute strength of the dominant side initially registered averages of 
12.4kg, and at the end of the intervention there was an increase of 14.5kg, with significant differences 
(p<0.01). The absolute strength of the non-dominant side presented mean values of 11.1kg, and after 
the intervention time it increased to 13.8kg, likewise with significant differences between means 
(p<0.01). Vertical jump height increased from an initial average of 42.4 cm to 45.8 cm following the 
intervention with a significant difference observed between pre- and post-test measurements 

     

Variable EG CG t value p 

Age 18.2 ±3.2 18.6 ±3.4 0.44 0.6 
Gender   
  Female 23.0% 22.1% - - 
  Male 30.3% 24.6% - - 
Experience (years) 3.6 ±4.11 3.7 ±3.89 0.1 0.5 
Dominant  
Absolute Strength I 12.4 ± 0.51 12.5 ± 0.48 1.19 0.5 
Non-dominant  
absolute strength I 11.1 ±0.42 11.5 ±0.48 0.56 0.7 
Vertical Jump 42.4±1.02 40.5±1.36 -1.1 0.7 

Absolute strength (A.S), I (initial), F (final), Vertical Jump (V.J), ± (standard deviation of 
the mean); (t student), p * (p <0.05) **(p < 0.01), experimental group (EG) ; control group 
(CG) 
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(p<0.01). In contrast, the CG showed no statistically significant differences between pre- and post-test 
values in any of the three variables assessed (Table 3). 

Table 3. Comparison of initial and final intergroup strength. 

Group Experimental Control 

Charact

eristics 
Pretest Posttest t value p Pretest Posttest  t value p 

Domina

nt A.S 

12.4 

±0.51 

14.5±0,9

8 
-3.47 ** 

12.5 

±0,48 

12.52±0.

48 
-0.18 0.85 

Non-

domina

nt A.S 

11.1±0.4

2 

13.8±0.8

1 
-2.8 ** 

11.5±0.4

8 

11.61±0.

44 
-0.33 0.74 

Vertical 

Jump 

42.4±1.0

2 
45.8±1.5 -4.5 ** 40.5±1.4 39.8±1.2 -1.3 0.17 

Absolute strength (A.S), Vertical Jump (V.J), ± (standard deviation of the mean), t (t 

student), p * (<0.05) **(<0.01) 

An important mean difference is evident between the vertical jump and the absolute strength of 
the final dominant and non-dominant side, when comparing the results between independent groups 
(p<0.05), as described in Table 4. 

Table 4. Final characteristics of absolute strength and vertical jump 
between independent groups  

Characteristics       CG      EG 
t 
value 

p  

Dominant A.S 12.52±0.48 14.5±0.98 -2.22 **  

Non-dominant A.S 11.61±0.44 13.8±0.81 -1.7 **  

V.J 39.84±1.21 45.8±1.5 -3.59 **  

Absolute strength (A.S), Vertical Jump (V.J), ± (standard deviation of the 
mean), t value (t student), p * (<0.05) **(< 0.01), experimental group (EG) ; 

control group (CG) 

 

 

The absolute strength values measured in kilograms on the dominant and non-dominant sides 
in the EG showed a slight increase, particularly in the disciplines of sport climbing, basketball, 
football and sprinting (Figures 3 and 4). An increase in mean vertical jump height was observed in 
the EG corresponding to sport climbing, basketball, sprinting, and football, indicating performance 
improvements across these disciplines following the intervention  (Figure 5). 
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Figure 3. Dominant Absolute Strength. 

 

Figure 4. Non-Dominant Absolute Strength. 
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Figure 5. Vertical Jump. 

In Table 5, the repeated measures ANOVA shows that there was a significant difference in the 
three variables: dominant absolute strength (F=6.6; p=<0.01; ηp²=0.044); non-dominant (F=8.3; p<0.01; 
ηp²=0.07); and explosive strength (F=19.03; p<0.01; ηp²=0.14); These results highlight a meaningful 
effect of the time × group (T×G) interaction, suggesting that the intervention contributed to 
performance gains over time in the experimental group.  However, the time × sport discipline × 
group (T×S×G) interaction did not yield statistically significant differences in any of the three 
variables, indicating that the effect of the intervention varied across sports and did not follow a 
consistent pattern. This variability suggests that sport-specific factors may influence the 
responsiveness to eccentric strength training protocols. 

Table 5. ANOVA repeated measures for dominant, non-dominant absolute 
strength and vertical jump. 

Strength Effect F p ηp² 

S.A Dominant T*G 6.63 ** 0.04 
 T*S*G 2.74 0.9 0.01 

S.A no Dominant T*G 8.3 ** 0.07 
 T*S*G 0.91 0.5 0.04 

V.J T*G 19.03 ** 0.14 

 T*S*G 1.6 0.175 0.06 

Absolute strength (S.A), Vertical Jump (V.J)T*G ( time: pre y post-test *EG, CG); 
T*S*G (time: pre y post-test *Sport*E,G  C.G ) p  * (p <0.05) **(p <0.01)  

4. Discussion 

The aim of this study was to examine the effects of NHE on the lower limbs, specifically focusing 
on their relationship with absolute strength and vertical jump performance. This investigation was 
framed within the physical demands of various sports, including football, track and field, basketball, 
sport climbing, cycling, and taekwondo. To ensure sample homogeneity, inclusion criteria were 
applied, and statistical tests, such as the Student’s t-test, were performed, confirming the absence of 
significant differences prior to the intervention. The majority of participants exhibited right-side 
dominance. Notably, this study integrated multiple sports disciplines within a single analysis, aiming 
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to assess whether the effects of NHE are statistically significant and practically applicable across 
different sports. 

The findings of this study align with existing scientific literature regarding the benefits of NHE 
for enhancing lower limb muscle strength, particularly in athletes recovering from injury. The Danish 
Society of Sports Physical Therapy (DSSF) [42], endorses the use of NHE to improve muscular 
strength and reduce injury risk, citing their adaptability in terms of load and training volume. 
Numerous studies emphasize the efficacy of NHE in increasing eccentric strength in both male and 
female athletes. In this study, the intervention protocol was standardized across sexes, with identical 
training volume, load, and frequency. Nonetheless, the need for future research involving larger, sex-
stratified samples is recognized to explore possible gender-specific responses to the intervention 
[37,43]. 

According to Capaverde et al. [44], age does not significantly affect the outcomes of Nordic 
training protocols, thereby supporting their applicability across both adolescent and adult 
populations (p = 0.12). In line with these findings, the present study involved participants with a 
mean age of 18 years, ranging from 16 to 28, which reinforces the relevance of the intervention across 
a broad age spectrum. It is important to acknowledge, however, that body mass index (BMI) was not 
analyzed in this study. This decision was based on the fact that all participants were affiliated with 
sports federations or clubs and were under ongoing nutritional supervision by qualified 
professionals [45–47].  

In this study, the CG exhibited an average absolute strength of 12.5 kg (118 N), with no 
statistically significant change observed (p>0.05). In contrast, the EG reached an average of 14.5 kg 
(143 N), indicating a statistically significant improvement (p<0.05). These findings align with those of 
Vianna et a [48], who reported a significant increase in absolute strength (p<0.01) among female 
football players following an eight-week Nordic hamstring exercise program. This reinforces the 
effectiveness of the intervention in enhancing hamstring strength. 

With regard to vertical jump performance, Villarreal et al [49] suggest that this capacity can be 
enhanced through plyometric training programs that include bodyweight exercises and change-of-
direction drills. Rønnestad and Mujika [50], attribute these improvements to neuromuscular 
adaptations, specifically the increased recruitment angles of motor units, which contribute to greater 
knee joint stability during jumping. In the present study, a significant increase in vertical jump height 
was observed in the experimental group, rising from 42.4 cm to 45.8 cm (p< 0.01). 

Considering that our study included the evaluation of various sports disciplines, it is important 
to emphasize that each of them involves specific physical capabilities. On the field of play, athletes 
display distinct characteristics—such as strength, endurance, or speed—depending on the demands 
particular to each discipline. Although absolute strength significantly improved in sport climbing, 
basketball, sprinting, and football, no relevant changes were observed in the other disciplines. These 
findings align with Whyte et al. [51], who reported increases of up to 19% in both dominant and non-
dominant limbs, although the interaction effects were not statistically significant. Nonetheless, these 
findings carry clinical implications, suggesting that Nordic hamstring exercises are beneficial for 
interventions targeting the hamstrings [52].  

Most existing research has predominantly focused on football. A key strength of our study is the 
inclusion of a diverse range of sports disciplines, allowing for broader applicability of the findings. 
Notably, a slight decrease in absolute strength was observed in taekwondo athletes, which may be 
attributed to the specific demands and training modalities of that discipline. Cardozo and Moreno-
Jiménez [53,54], advocate for the implementation of sport-specific parameters and more precise 
assessment tools to enhance the accuracy of strength evaluation across different athletic contexts. 

In terms of vertical jump performance, NHE led to height increases in most disciplines, 
supporting Whyte’s [54] conclusion that these exercises enhance eccentric isokinetic strength and 
help reduce the risk of hamstring injuries. However, no significant improvements were found in 
cycling or taekwondo. 
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The study's limitations include the inability to attribute the observed strength gains solely to the 
Nordic exercises, as both the control and experimental groups continued with their regular training 
programs. While no significant changes were recorded in the control group, slight improvements in 
absolute strength and vertical jump were noted. Caution is advised when prescribing and 
implementing NHE, as these exercises, despite appearing simple, are technically demanding 
especially for individuals who do not train regularly or follow a structured program. 

Additionally, due to the limited sample size, the results should be interpreted with caution. 
Future studies are recommended with larger samples, sex-based comparisons, and more detailed 
analyses such as electromyographic evaluations before and after the intervention. 

This study explored disciplines like taekwondo, cycling, basketball, sprinting/athletics, and 
sport climbing—fields where research on the application of NHE is limited. As such, this study 
provides both a theoretical and methodological foundation for future interventions in these sports. 
However, further research is needed to address limitations such as the lack of imaging tests to assess 
hypertrophy and other physiological adaptations resulting from the training. 

5. Conclusiones 

The athletes in this study had a mean age of 18.2 years and were divided into two independent 
groups, consisting of male and female participants, with homogeneous characteristics at the start of 
the study. After a 7-week training intervention, the results indicated that the EG showed a significant 
improvement in both vertical jump height and absolute strength from the pre-test to the post-test 
assessments. In contrast, the CG exhibited no significant changes.  

The NHE has demonstrated a positive effect on both absolute strength and vertical jump 
performance, with significant improvements noted in sports such as climbing, basketball, football, 
and sprinting—disciplines that involve substantial eccentric hamstring movements. A closer 
examination of the effects by sport discipline revealed notable enhancements in both dominant and 
non-dominant leg strength in climbing, basketball, football, and sprinting/athletics. Additionally, 
vertical jump performance showed improvements in football, sprinting, and climbing. These findings 
are consistent with the biomechanical demands of these sports, all of which rely heavily on eccentric 
actions of the hamstring muscle. 

Overall, a significant interaction was observed between time (pre-test and post-test) and group 
(EG and CG) across the three variables studied, confirming the effectiveness of the intervention in 
enhancing lower limb performance over time. However, no significant interactions were found 
between time, sport discipline, and group, indicating that the magnitude of improvement varied by 
sport. This suggests that the specific physiological and biomechanical demands of each discipline 
played a key role in influencing the response to the training. 

It is recommended to incorporate NHE in alignment with the periodization and planning of 
strength training. While NHE are widely regarded as fundamental for hamstring development, their 
necessity may vary depending on the specific demands of each sport disciplin 

The icorporation of NHE should be considered during the final stages of rehabilitation, as they 
may serve as a Return to Play (RTP) criterion to ensure that the physical and physiological demands 
of the hamstring muscles are met. 

5.1. Practical Applications 

1) As described in this study, after applying a NHE protocol to athletes from various sport 
disciplines, the focus was placed on improving absolute strength and vertical jump. The findings 
indicate that not all sports lead to gains in these physical capacities. 

2) In this context, physicians, physiotherapists, and other professionals knowledgeable about the 
protocol can tailor the strength training program to suit the athlete's current phase within the 
macrocycle. 
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3) Based on the results, vertical jump performance improved in most of the studied disciplines, 
except in cycling and taekwondo; therefore, its application may be more appropriate for sports where 
Nordic stimulation has demonstrated positive effects. 

4) With respect to absolute strength, the implemented protocol showed positive effects 
particularly in basketball and soccer. 

5) The scope of the 7-week Nordic training protocol appears to have limited effects; thus, the 
observed improvements may be temporary or influenced by load management within each 
macrocycle. 
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