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Abstract

:

(1) Background: It is a matter of curiosity what effect the blood flow restriction (BFR) method, which is usually combined with low-intensity resistance exercises, will have when used with high-intensity eccentric exercises. (2) Methods: The present study examined the effects of combining BFR with nordic hamstring exercises (NHEs) on hamstring muscle strength, bilateral deficit (BLD), and training volume. Thirty young female volleyball players, who trained three times a week, participated voluntarily in the study. These players were stratified into three groups, each comprising ten individuals: a control group (CG), an NHE group, and an NHE + BFR group. Hamstring muscle strength and BLD values were determined using an H-BORD device, while training volume was measured in terms of sets and repetitions. (3) Results: Statistical analysis revealed that there were no statistically significant differences in non-dominant and dominant leg peak torque parameters in the exercise groups (F = 2.65; p = 0.097; ηp2 = 0.17; F = 1.15; p = 0.0334; ηp2 = 0.084), while the total training volume was lower in the NHE + BFR group. (4) Conclusions: As a result, it was seen that adding the BFR method to NHE did not provide additional gains. However, due to the low training volume of BFR + NHE, it may be recommended to apply BFR together with NHE to athlete groups.
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1. Introduction


Resistance exercises are commonly used as the primary method for stimulating muscle adaptations and enhancing strength. Although the intensity variable in resistance exercises remains a subject of debate, the literature suggests a range of 60−80% of the one-repetition maximum (1RM) intensity for hypertrophy development [1]. Trainers and physical therapists dedicated to achieving physiological adaptations and optimizing performance consider numerous variables and stay abreast of novel methods when formulating training programs [2]. In recent years, the blood flow restriction (BFR) method has gained popularity, especially in the context of strength development [3], and has become a method frequently integrated into training regimens [4,5]. The underlying principle of this method is to achieve maximum benefits through use of low-intensity exercises. The BFR method is applied by using cuffs that are wrapped around the thigh region for the lower extremity and around the proximal part of the arm for the upper extremity. With the pressure exerted by these cuffs, arterial blood flow is restricted without completely cutting it off, thereby limiting venous return and creating an anaerobic environment similar to that achieved during high-intensity exercises [6]. The preferred intensity for loading, typically falling within the range of 20−40% of the 1RM, is commonly associated with resistance exercises. The existing literature has demonstrated that this approach can yield results comparable to those achieved with high-intensity resistance exercises [7]. However, it is important to consider that the BFR method may not provide sufficient stimulation, especially in players in good physical condition. Therefore, it is recommended that the BFR method not serve as the primary strength program but rather be integrated with traditional resistance exercises [5,8].



Cook et al. (2014) contributed a unique perspective to the literature by exploring the application of the BFR method during high-intensity exercises in well-trained players. The study indicated that a combination of the BFR method with high-intensity exercises could lead to greater gains in the athlete population compared to low-intensity BFR applications [9]. One specific exercise, the nordic hamstring exercise (NHE), is characterized by its eccentric and high-intensity nature [10]. Notably, the NHE’s slow eccentric contraction places significant stress on the myosin heads bound to actin, resulting in their separation and the subsequent elongation of cross-bridges. This mechanism serves as a stimulus for muscle activation, distinguishing it from concentric exercises [10,11]. While there is a limited number of studies in the literature regarding the combination of the BFR method with high-intensity exercises, there exists a curiosity about the potential effects of applying the NHE at maximal intensity and eccentric contraction when combined with BFR in trained players. In light of all this information, the intended aim of this study is to examine the effect of combining the BFR method with the NHE on hamstring muscle strength in young female volleyball players. We hypothesized that combined NHE and BFR application would induce a superior effect on muscle strength and lower the workload (training volume) compared to the NHE-only group.




2. Materials and Methods


2.1. Study Design and Participants


In determining the sample size, the ‘Test family: t test; Statistical test: Means: Difference between two dependent means (matched pairs)’ was used. It was estimated that the force value of 219 ± 38 would be 243 with a 10% difference. With a 5% error rate and 80% power, it was calculated using G*power 3.1.9.2 program that at least 24 participants are required to participate in the study. At the beginning of the study, a total of 45 young female players playing volleyball were reached. After applying the exclusion criteria (those with a history of lower extremity injury [n = 6], those with a current hamstring muscle injury [n = 4], and those who declined to participate [2]), a total of 12 players were excluded at the initial stage of the study and the research was started with a player group consisting of 33 young female volleyball players (NHE [n = 11], NHE + BFR [n = 12], CG [n = 10]). At a later stage, 3 more participants (NHE [n = 1], NHE + BFR [n = 2]) who were determined not to participate in training regularly were excluded from the study. The process was followed with 10 participants in each group and analyses were carried out by performing post-test measurements. These players held licenses for at least three years, underwent training sessions three days a week, engaged in competitions one day a week, and had no previous lower extremity injuries in the past three months (Table 1). The study obtained ethical approval from the Non-Invasive Clinical Research Ethics Committee of Nigde Omer Halisdemir University with decision number 2023/27 dated 11 May 2023. This study was conducted in accordance with the principles of the Helsinki Declaration. Prior to measurements, participants were provided with a detailed presentation about the study procedure and informed consent forms were obtained from their parents.




2.2. Study Procedure


A total of thirty women volleyball players volunteered to participate in the study and they were stratified into three groups: NHE group (n = 10), NHE + BFR group (n = 10), and CG (n = 10). The CG continued their regular volleyball training while the other two groups, in addition to volleyball training, performed NHE on three designated days of the week. The NHE + BFR group, unlike the NHE group, performed the exercises in combination with the BFR method. The study was completed in a 9 week period with pre-test and post-test measurements. Measurements were taken in the first week and the last week. The training programs were implemented for 6 weeks, excluding the 1-week anatomical adaptation period. The training volume was calculated by multiplying the number of sets by the number of repetitions in the NHE and NHE + BFR groups during the 6 weeks of training. While calculating the training volume, the steps described in the exercise protocols section were observed by the researcher and noted based on the number of repetitions successfully performed by the participant. In order to determine the specific effects of the NHE in the study, the training loads and rest intervals of all participating players during their routine volleyball training sessions were set to be similar to each other (Figure 1). In addition, routine volleyball training was based especially on technical and tactical exercises during this period.




2.3. Evaluation of Hamstring Muscle Strength


The hamstring muscle strength (peak torque), average power, and bilateral deficits (BLD) were assessed using the H BORD device (IVMES, TR, Ankara, Turkey). The reliability and validity tests of the new portable nordic hamstring test device were performed [12]. Additionally, the strength tests were conducted on a day when the players did not engage in any exercise for the past 24 h and completed their meals at least three hours prior to the test. Players underwent both pre-tests and post-tests in the same order, time, and conditions.




2.4. Applied Tests


The hamstring muscle strength of the participants was evaluated with the H BORD device. The ankles of the participants were fixed with bands, and it was confirmed that the body of the H BORD device started moving with both knees, with the body in the same plane as the knee, and the arms in the air with the palms facing forward (Figure 2). Afterwards, the participants continued the movement until the last point they could reach in this position, keeping the knees fixed on the mechanism and slowly letting themselves go forward, without changing their position, with the body in the same plane as the knee. If the participant was able to do so, she came back to the starting point without touching anything and continued the second attempt without interruption. If the participant could not return to the starting position after the forward swing movement, the swing continued until both palms touched the ground, and she took the position again for the second trial by using her hands for support. During this movement, the measurement was calculated in Newton meters (Nm) using the sensors located on the ankles of the H BORD device, and the peak torque of the hamstring, average power, and the BLD values of both legs were recorded. The best grade out of two attempts was included in the study.




2.5. Exercise Protocols


2.5.1. NHE Protocol


In the study, players underwent the NHE using the H BORD device. Anatomical adaptation training was carried out the week after the pre-test was applied to the players to ensure the correct execution of the movement. This period was excluded from the experimental process, and subsequently, a 6 week normal training period was started. This training was conducted three days a week. To prevent any misleading increase in training volume due to the incorrect application of the NHE exercise, a 40-degree angle was marked next to the exercise device, and researchers verified this angle as a reference. The number of repetitions performed by the players when they reached this predetermined angle was counted as a successful repetition. The repetitions continued as long as the participant followed the determined steps at a 40-degree angle. The number of repetitions in which the participant could not reach a 40-degree angle was considered unsuccessful, and when this situation was repeated 2 times in a row, the number of successful repetitions until this point was recorded by the researcher. At the specified angle, players were allowed to use their arms and hands to dampen the fall and allow their chest to touch the surface, and immediately returned to the starting position by pushing the ground with their hands [13]. Two groups, the NHE and NHE + BFR groups, performed NHE in the form of three sets of repetitions until failure with a 2 min rest between sets. This exercise protocol was conducted three days a week after the warm-up protocol, specifically on days without volleyball training for six weeks.




2.5.2. NHE + BFR Protocol


An H+ Cuff brand (Hplus Cuff Curve 2.0, Innovative Therapy Solutions, LLC, Santa Clara, CA, USA) curve series cuff was used for the BFR method. It is a 10 cm wide pneumatic cuff type with manual pressure control, cuff pressure ranges of up to 300 mmHg, a precision measuring pump with ±3 mmHg accuracy, and a hand indicator with smart valve technology.



It has been stated that the absolute pressure that occurs after the cuff is attached to the circumference of the limb in exercises performed with the BFR method may lead to a vascular restriction in different degrees from person to person, depending on individual blood pressure, anthropometric characteristics, and cuff width [14]. Considering this situation, LOP was determined with the help of Doppler to determine the participant’s limb occlusion pressure (LOP). The cuff was tied to the proximal part of the participants’ thigh in the position where the motion form would be applied, and it was inflated with an inflation pump to 50 mmHg for 30 s and then reset for 10 s. Subsequently, the inflation–deflation cycle was continued with increments of 10–20 mmHg, gradually increasing the pressure until the pulse was no longer detectable. During this process, the audible signal of the pulse was listened to using a Doppler probe placed on the tibialis posterior artery. The LOP was determined as the point where the audible pulse signal was no longer detected. In the NHE + BFR group, the exercise sessions were performed at a number of repetitions equivalent to 70% of the individually determined LOP, up to three sets until failure with a 2 min rest between sets. The commonly used repetition scheme in the BFR method is typically 30-15-15-15, which has been reported to provide sufficient repetition volume for most individuals to induce the necessary adaptations [6]. However, in our study, we employed a repetition method where the participants performed repetitions until the failure set, reaching a point where they could no longer complete a repetition [15,16,17]. It has been suggested that performing repetitions until a failure set is necessary to induce strength adaptations in certain populations, such as players [6].





2.6. Analysis of Data


In this study, the normal distribution assumption of quantitative variables was examined through visual methods (histograms and probability plots) and analytical methods (Shapiro–Wilk test). As the quantitative variables exhibited a normal distribution, they were expressed in terms of mean and standard deviation. To analyse the results of different protocols (NHE, NHE + BFR, and CG), as well as pre and post-test measurements and the protocol by time interaction effect, a repeated-measures two-way ANOVA test was employed. Mauchly’s sphericity test was used to assess the homogeneity of variances, and a Greenhouse–Geisser correction was applied as needed. Partial eta squared (ηp2) values were calculated to determine the effect size between groups. ηp2 was examined as an index of effect size interpreted as 0.01 = small, 0.06 = medium, and 0.14 = large. In the case of statistically significant differences among the study protocols, multiple comparison analyses were conducted using the Tukey method. A significance level of p < 0.05 was considered.





3. Results


In the exercise groups, a statistically significant difference was found from pre-test to post-test in the dominant leg peak torque parameter (Time F = 52.31; p = 0.000, ηp2 = 0.68), while no difference was observed in the CG. There was no statistically significant difference between the groups (F = 2.65; p = 0.097; ηp2 = 0.17). A statistical difference was found in the group by time interaction. According to the Bonferroni correction, this difference is attributed to a significant increase in the NHE and NHE + BFR groups compared to the CG (F = 7.54; p = 0.003; ηp2 = 0.38).



A statistically significant difference was observed in the non-dominant leg peak torque parameter when comparing pre-test and post-test measurements across all groups (Time F = 87.27; p = 0.000, ηp2 = 0.777). However, there was no statistically significant difference observed among the groups themselves (F = 1.15; p = 0.0334; ηp2 = 0.084). Furthermore, a significant statistical difference was identified in the interaction between group and time. Applying the Bonferroni correction revealed that this difference is primarily attributed to a significant increase in the NHE + BFR group compared to the CG (F = 6.03; p = 0.007; ηp2 = 0.326). The findings of the pre-test to post-test comparisons in the dominant leg average power parameter in the exercise groups were statistically significant (Time F = 62.56; p = 0.000, ηp2 = 0.71), while no difference was observed in the CG. There was no statistically significant difference between the groups (F = 3.097; p = 0.063; ηp2 = 0.199). A statistical difference was found in the group by time interaction. According to the Bonferroni correction, this difference is attributed to a significant increase in the NHE and NHE + BFR groups compared to the CG (F = 7.54; p = 0.003; ηp2 = 0.38).



A statistically significant difference has been found between the pre-test and post-test measurements in the non-dominant leg average power parameter in the exercise groups (Time F = 77.75; p = 0.000, ηp2 = 0.75), with no discernible variation detected in the CG. Notably, no statistically significant differences manifested among the groups themselves (F = 1.65; p = 0.211; ηp2 = 0.117). Conversely, a statistical difference was found in the group by time interaction. According to the Bonferroni correction, this difference is attributed to a significant increase in the NHE and NHE + BFR groups compared to the CG (F = 9.88; p = 0.001; ηp2 = 0.44).



A statistically significant difference has been found from pre-test to post-test in the bilateral difference parameter in the NHE + BFR group (Time F = 8.554; p = 0.007, ηp2 = 0.25), while no difference was observed in the NHE and CG. There was no statistically significant difference between the groups (F = 0.933; p = 0.407; ηp2 = 0.07). No statistically significant difference was found in the group by time interaction (F = 0.216; p = 0.792; ηp2 = 0.018). When looking at the percentage (%) improvement levels, the highest improvement is observed in the NHE + BFR group (Table 2).



When examining the training volume, a linear increase in the number of repetitions was observed from the first week to the last week in both the NHE and NHE + BFR groups (Figure 3a). At the end of the 6 week period, the total training volume was determined as 3484 repetitions in the NHE group and 2317 repetitions in the NHE + BFR group (Figure 3b).




4. Discussion


The precise assessment and enhancement of muscle strength balance holds considerable significance in the realm of enhancing athletic performance, devising effective training regimens, mitigating injuries stemming from muscular deficiencies in players, and aiding in post-injury rehabilitation [18]. In this regard, many exercises have been incorporated to target the development of hamstring muscles. Among these exercises, the NHE is known for its effectiveness in increasing hamstring muscle strength and reducing hamstring injury incidence [19,20].



4.1. Peak Torque Average Power


In this study, the NHE was implemented in conjunction with the BFR method, and its impact on strength enhancement was meticulously assessed. It revealed a noteworthy disparity in the increases observed in peak torque and average power within both the NHE + BFR and NHE groups, whereas no discernible difference emerged in the CG. According to the Bonferroni correction, this difference is attributed to a significant increase in the NHE and NHE + BFR groups compared to the CG. The addition of the BFR method to the NHE did not result in a higher level of improvement in peak torque and average power increases.



In the context of resistance exercises conducted using BFR methodology, existing literature primarily recommends employing a load intensity falling within the range of 20% to 40% of an individual’s one-repetition maximum (1RM). This specific intensity range has been associated with positive outcomes [6]. Conversely, it has been observed that load intensities below 20% tend to result in minimal hypertrophic effects [21]. However, studies have also been conducted using load intensities above 50% of one RM, and conflicting results exist in the literature regarding this matter. Cook et al. (2014) stated that applying the BFR method at high intensities may yield greater gains compared to low-intensity BFR methods in trained players [9]. Conversely, other research has indicated that load intensities exceeding 50% of the 1RM do not significantly augment the effects of the BFR method [22]. Furthermore, an investigation discovered that performing squat exercises using the BFR method at 80% of the 1RM did not yield additional strength improvements [15]. Our study’s findings align with the aforementioned research, as the BFR exercises implemented in our study were executed at maximal intensities. Both the NHE group and the NHE + BFR group exhibited increased hamstring strength. This suggests that employing the BFR method at maximal effort may suffice for achieving desired strength enhancements, and the incorporation of BFR may not significantly contribute to additional strength gains. The observed discrepancies in the literature may, in part, be attributed to various application variables within the BFR method, including cuff type, cuff pressure, exercise selection, and others.




4.2. Bilateral Deficit


In this study, another parameter examined is the BLD. An increase in the BLD can lead to a decrease in sports performance and an increase in the risk of sports injuries. This is often due to the underutilization or inadequate training of certain body parts or sides [23]. In the BLD measurements, a statistically significant improvement in favour of the post-test was only observed in the NHE + BFR group compared to their pre-test. However, no significant difference was found between the groups. While there are limited studies in the literature investigating the effects of the BFR method on BLD, these studies have reported similar findings to our study, indicating a decrease in the BLD ratio [24,25].



It is believed that the lack of a significant improvement in the BLD ratio in the NHE group in our study may be due to the exercise being applied concentrically to both the dominant and non-dominant sides. In a concentric exercise, the dominant side may be more active in order to preserve strength compared to the non-dominant side. On the other hand, the significant improvement observed in the NHE + BFR group may be related to the recruitment of muscle fibre types in the limb experiencing strength loss, which is one of the development mechanisms of the BFR method. Due to the restrictive cuff pressure in the BFR method, the by-products of muscle contractions such as H+ ions, ATP, and inorganic phosphates that cannot exit the limb through the venous system [26] can lead to early neuromuscular fatigue [27,28]. In the presence of this increase in the neuromuscular fatigue, high-threshold motor units are active to maintain muscle strength and complete the set. Therefore, the restriction applied in the BFR method leads to a greater need for the activation of more motor units to compensate for the loss of strength caused by the lack of oxygenation in the affected area [6]. The activation of type II fibres seems to play a significant role in the observed strength development with the BFR method [29,30]. It is thought that the BFR method can produce more improvement in the non-dominant side, which has a greater loss of strength during NHE compared to the dominant side, thanks to the mechanism described above, and this situation will result in an improvement in BLD. In the CG, although there is no statistically significant difference between the pre-test and the post-test measurements, the difference is 48.0%. This reveals that there was a high level of difference in a few people in the CG in the post-test, but this situation was not reflected in the general group.




4.3. Training Volume


Another parameter examined in the study is the training volume. It was stated that the effects of training volume should be taken into account when interpreting the data on hypertrophy results in strength training. Training volume has been identified as a significant driver of muscle hypertrophy, following a dose–response relationship [31]. It has been suggested that lower-intensity exercises result in higher training volumes compared to higher-intensity exercises [1]. In our study, both groups were evaluated under equal conditions in terms of volume by implementing repetitions until failure. The training volume in the study was calculated based on the number of sets multiplied by the number of repetitions due to the nature of the NHE exercise being performed with body weight. When examining the training volume data of the NHE + BFR and NHE groups, a linear increase was observed in both groups from the first to the last week. In many studies investigating the NHE, it has been reported that the applied number of repetitions reaches an average of 8 to 12 repetitions towards the end of the training [10]. In our study, this increase was observed at a lower level in the NHE + BFR group compared to the NHE group (Figure 3).



There are two studies in the literature that support this finding. Libardi et al. (2015) compared a high-intensity exercise group with a BFR + low-intensity exercise group in a leg press exercise targeting the lower extremities [32]. In this study, exercise volume (sets × repetitions × lifted weight) increased in both groups over 1–12 weeks. This increase was significantly lower in the BFR group by 41% in the first 6 weeks and 34% in the second 6 week period. Another study that supports our findings compared four groups (low intensity, moderate intensity + BFR, high intensity + BFR, high intensity). It was stated that exercise volume (sets × repetitions × lifted weight) increased in all groups. When examining the weekly increase in exercise volume, it was observed that the high-intensity exercise group without the BFR had the highest level of exercise volume, while the groups using the BFR experienced a decrease in exercise volume due to increased cuff pressure.



When a certain volume is reached, maximum protein synthesis occurs during exercise. This is dependent on the protein synthesis, metabolic stress, or the ability of exercise volume to activate high-threshold motor units. It has been noted that if exercise volume is sufficient, protein synthesis can occur regardless of exercise intensity. In the BFR method, even though exercise intensity is low, the pressure and stress created by the cuff lead to neuromuscular fatigue and an early sense of fatigue [29]. The lower exercise volume observed in the NHE + BFR group in our study can be explained by the mechanism of neuromuscular fatigue [27]. While both groups completed the number of repetitions until failure, it is thought that the BFR method affects fatigue times depending on the mechanism mentioned above. Thus, it is believed that the perceived fatigue determined by the number of repetitions occurred earlier in the NHE + BFR group due to the early onset of neuromuscular fatigue. Additionally, it has been reported that reducing the repetition volume of the NHE does not have a negative effect on strength compared to high-volume training groups. These findings support the idea that lower NHE volumes may be more suitable for players, potentially reducing the risk of hamstring injuries and improving intervention compliance [10].





5. Conclusions


This study found that implementing the BFR method during the NHE did not result in additional strength gains in players. However, upon a closer examination of training volume, it became evident that the NHE + BFR group achieved similar strength development with fewer repetitions compared to the NHE group. Consequently, the BFR method was found to produce equivalent strength gains with a reduced workload. This observation holds particular significance, especially during transitional phases of annual training planning for athlete groups or in periods characterized by exceptionally high training intensity. Incorporating exercises with the BFR method, which involves lower training volumes and reduced fatigue, may be a beneficial recommendation. This approach can enhance training variety and facilitate multidimensional development.



The study’s findings are expected to provide valuable insights for athlete populations that have increasingly adopted the BFR method in recent years. It is worth noting that the application of the BFR method to various populations and the presence of numerous variables (such as cuff type, cuff width, pressure determination method, exercise intensity, number of repetitions, frequency, movement structure, type of combined exercises, and materials used) have led to diverse outcomes in the literature, even when addressing the same objectives. While many studies involve the application of maximal loads using external weights, our study’s lack of significant differences between groups in maximal loading with body weight may be attributed to the aforementioned variables. Therefore, it is suggested that future studies with a methodology similar to ours consider varying these factors, as this could lead to different outcomes. Consequently, further research in this area is essential to expand our understanding and knowledge.




6. Limitations


The main limitation of the study is that only volleyball branch and female athletes were included in this study.



It is thought that there is a need to conduct similar studies on different age groups and men in different sports branches.
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Figure 1. Study design. 
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Figure 2. Measurement of hamstring muscle strength. 
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Figure 3. The training volume of NHE and NHE + BFR groups. The training volume data are displayed as the number of repetitions. (a) Weekly training volume; (b) 6 week total training volume. 
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Table 1. Demographic variables of the participants.
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	NHE
	NHE + BFR
	CG





	Age (years)
	15 ± 0.73
	15 ± 0.78
	15 ± 0.70



	Height (cm)
	166 ± 6.36
	163 ± 4.40
	160 ± 5.38



	Body weight (kg)
	57.30 ± 7.11
	52.80 ± 6.92
	56.20 ± 9.24










 





Table 2. Dominant and non-dominant hamstring peak torque, average strength development, and bilateral difference in the groups.
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Variable

	
Pre

	
Post

	
Δ

	
%

	
Two-Way Repeated ANOVA




	
M ± SD

	
M ± SD

	
TB-Tend

	
TB-Tend

	
Time

	
Group

	
Time*Group

	
Post Hoc Test






	
Dominant Leg Peak Torque (Watt)




	
NHE

	
144.6 ± 48.9

	
220.9 ± 30.5 *

	
76.3 ± 18.0

	
52.8

	
F = 52.31

	
F = 2.56

	
F = 7.54

	
NHE + BFR > CG




	
NHE + BFR

	
165.8 ± 38.2

	
241.1 ± 52.6 *

	
75.3 ± 14.3

	
45.4

	
p < 0.000

	
p < 0.097

	
p < 0.003

	
NHE > CG




	
CG

	
160.1 ± 28.5

	
171.6 ± 34.0

	
11.5 ± 5.5

	
7.1

	
ηp2 = 0.68

	
ηp2 = 0.17

	
ηp2 = 0.38

	




	
Non-dominant Leg Peak Torque (Watt)




	
NHE

	
135.1 ± 51.8

	
216.1 ± 26.2 *

	
81.0 ± 25.6

	
59.6

	
F = 87.27

	
F = 1.15

	
