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Influence of Resistance Training Variables 
and the Nordic Hamstring Exercise on 
Biceps Femoris Architectural Adaptations 
in Soccer Players: A Systematic Review
Javier Pecci, MSc,†*  Borja Sañudo, PhD,† Rodrigo Ramirez-Campillo, PhD,‡§  

and Eduardo Saez de Villarreal, PhD||

Context: Manipulation of resistance training variables influences the structural and functional adaptations of muscle, having 
a great impact on sport performance and hamstring injury prevention.

Objective: To analyze how the main resistance training variables affect the biceps femoris long head architecture in soccer 
players.

Data Sources: Five databases were searched from inception to January 2024.

Study Selection: Studies that included training intervention groups and measured muscle architecture adaptations before 
and after the training program in soccer players were included.

Study Design: Systematic review with meta-analysis.

Level of Evidence: Level 2.

Data Extraction: Muscle thickness, fascicle length, and pennation angle were extracted from included studies as main 
outcomes.

Results: Six studies and 12 training groups (168 participants) were analyzed. The effects of Nordic hamstring exercise 
(NHE) against soccer interventions, volume of training, and frequency of training as independent variables were analyzed. 
NHE significantly improved biceps femoris long head fascicle length (P = 0.01). Training twice a week did not show 
significant differences compared with training once a week. Higher volumes of training (ie, >290 repetitions) in a period of 
6 to 12 weeks with 57 repetitions per week demonstrated significant effects.

Conclusion: NHE lengthens the fascicle, especially if a sufficient volume (ie, >290 repetitions) and 2 days per week are 
performed. It is still unknown how the programming of some fundamental variables such as intensity, degree of effort, or 
exercise selection affects the muscle architecture of the biceps femoris long head.
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R
esistance training has been shown to substantially reduce 
injury risk as well as enhance sport performance.26,51 
One of the most important determining factors for 

strength production is muscle architecture, which is considered 
a good predictor of muscle function.28 Muscle architecture can 
be defined as the geometric characteristics of the fiber and/or 
tendon.14 It can be also defined as the number and orientation 
of the muscle fibers within a muscle.28 Muscle architecture has 3 
main components: muscle thickness, fascicle length, and 
pennation angle,28 and is usually observed by ultrasonography 
or magnetic resonance imaging (MRI).12 Muscle architecture can 
be modified through resistance training.49 However, it is 
important to note that adaptations derived from resistance 
training depend directly on the programming of variables, 
especially intensity, volume, exercise selection, degree of effort 
(ie, the number of repetitions actually performed in each set 
with respect to the maximum number that can be completed), 
or frequency.44

Furthermore, muscle architecture, and especially fascicle 
length, has been shown to be associated with injury risk in 
professional soccer players (ie, shorter fascicles are associated 
with higher injury risk).52 Hamstring injuries constitute a severe 
problem to the clubs, since injury rates have increased during 
recent seasons, constituting 24% of all injuries in soccer.10 In 
addition, the impact of injuries on team performance in soccer 
is well known.20 Therefore, efforts should be made to reduce 
the high injury incidence in this muscle group in soccer players. 
Consequently, several studies have studied the effects of 
resistance training programs to lengthen muscle fascicles and 
thus reduce hamstring injury risk.16,29,34 In this context, the 
Nordic hamstring exercise (NHE) is a very common strategy to 
enhance both eccentric strength levels as well as to increase the 
length of the fascicle in soccer players.34,54

Therefore, understanding how modifying resistance training 
variables affect derived adaptations can help optimize the 
training process and prevent hamstring injuries—the most 
common muscle injury in soccer players, especially the biceps 
femoris long head.19 These injuries are usually observed during 
high-speed running, with hip flexion and extended knee, thus 
increasing muscle strain.8 In this context, muscle architecture 
plays an important role in muscle excursion, and this could 
compromise the hamstrings in these elongated positions.28,53 
Thus, the aim of the present systematic review was to analyze 
how some of the most important resistance training variables 
(ie, intensity, frequency, exercise selection, and degree of effort) 
affect derived adaptations on muscle architecture (ie, muscle 
thickness, fascicle length, and pennation angle). The specific 
objectives were to: (1) analyze the effects of different types of 
loads (ie, heavy loads of ≥85% repetition maximum (RM) vs 
lower loads of <85% RM) on biceps femoris long head 
architecture; (2) study how different exercises (ie, hip-dominant 
vs knee-dominant hamstring exercises) affect biceps femoris 
long head architecture; (3) study the effectiveness of NHE in 
improving the biceps femoris long head architecture due to the 
large interest in the use of the NHE in resistance training 

programs to reduce injury risk and to increase eccentric strength 
of the hamstrings2,4,33; (4) explore adaptations in the long head 
architecture of the biceps femoris depending on the frequency 
of training (ie, 1 vs 2 or more days of training); (5) analyze the 
effects of different degrees of effort (ie, until muscle failure vs 
submaximal efforts) on the long head architecture; and (6) 
assess whether higher volumes of NHE produced greater 
adaptations in soccer players architectural properties.

METHODS

The PRISMA 2020 guideline was used for reporting the present 
systematic review with meta-analysis for search procedures, 
study selection, data collection, and analysis.38,39 The present 
study was registered on the International Prospective Register of 
Systematic Reviews (PROSPERO; registration number: 
CRD42022361415). A protocol for the present systematic review 
was not prepared previously.

Literature Search and Data Sources

Five databases were used for the search: PubMed, SPORTDiscus, 
Web of Science, PsycInfo, and CINAHL. The search included 
studies published up to January 2, 2024. The search strategy 
was: (football OR soccer OR player*) AND (exercise OR training 
OR strength) AND (“biceps femoris” OR hamstring*) AND 
(“muscle architecture” OR architectural OR “pennation angle” 
OR “fascicle length” OR “muscle thickness” OR “muscle stiffness” 
OR “cross-sectional area”). All citations were entered into the 
Rayyan Intelligent Systematic Review tool. Duplicates were 
excluded automatically, and the remaining studies were selected 
by title and abstract according to eligibility criteria. The 
reference lists of the selected studies were reviewed to find 
other potentially eligible studies.

Inclusion and Exclusion Criteria

The PICOS framework (patient population, intervention, 
comparative controls, outcomes, study type) was applied to 
formulate eligibility criteria.43 Studies were included if the 
following criteria were met: (1) patient population: all 
participants were soccer players (not beach soccer or futsal) 
involved in a competition (independently of the competitive 
level) and presented no injuries or no cardiovascular, metabolic, 
or musculoskeletal disorders and no history of doping or drug 
abuse, participants mean age was >16 years; (2) intervention: at 
least 1 group underwent a resistance training intervention based 
on lower limbs and resistance training interventions with 
hamstring exercises of at least 4 weeks16; (3) comparative 
controls: reporting pre-post intervention measurements, 
regardless of whether they compared with a control group or 
with another type of resistance training intervention; (4) 
outcomes: muscle architecture (ie, muscle thickness, fascicle 
length, pennation angle) of the biceps femoris long head was 
assessed through ultrasound images or MRI scans; (5) study 
design: randomized controlled trials, nonrandomized controlled 
trials, before-after (pre-post) studies or factorial study designs.1
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The exclusion criteria were as follows: (1) players changing 
their usual nutrition for the intervention (ie, which could affect 
the muscle mass adaptations); (2) electrical stimulation was 
used during the resistance training intervention; (3) no full-text 
was available and/or the authors did not provide the necessary 
data.

Study Selection

The initial search was conducted by 1 researcher. After 
duplicates were removed, the same researcher performed the 
screening of the title and abstract of the papers extracted from 
the databases. Then, 2 researchers independently selected the 
included studies after reading the full text. If no agreement was 
reached, a third researcher intervened and settled the dispute.

Data Extraction

A researcher conducted the extraction of means and standard 
deviations and sample size from the selected studies, and 
another researcher confirmed the data extraction. If necessary, 
the corresponding author of the present study contacted the 
authors of the studies in which this information was not detailed 
explicitly. In addition, the extracted data included participant 
characteristics; duration of intervention; selection of exercise for 
resistance training interventions; competitive level of 
participants; the measurement technique of muscle architecture; 
and the intensity (ie, load), frequency, total volume (ie, 
repetitions), and degree of effort of the resistance training 
interventions.

Quality Assessment

The methodological quality and the risk of bias of the included 
studies were assessed using the Tool for the assEssment of 
Study qualiTy and reporting in EXercise (TESTEX) scale, since it 
was specifically designed for exercise interventions.48 Two 
authors independently assessed study quality using 5 questions 
(eligibility criteria, random allocation, allocation concealment, 
similar baseline groups, and blinding of all assessors) with 1 
point for each question, and study reporting using 7 questions 
(outcome measures assessed in 85% of patients, intention-to-
treat analysis, between-group comparisons, point and variability 
measures, activity monitoring in control groups, relative exercise 
intensity remained constant, and exercise volume and energy 
expenditure) to give a total of 15 points. Disagreements were 
resolved by a third researcher. The following criteria were used 
to verify the risk of bias and quality of the studies: high quality 
and low risk of bias, ≥10 points; moderate quality and risk of 
bias, 7 to 9 points; poor quality and high risk of bias, 1 to 6 
points.7

Statistical Analysis

The software Review Manager (RevMan, Version 5.4, The 
Cochrane Collaboration, 2020) was used for statistical analyses. 
Effect sizes (ESs) between post- and pre-intervention 
measurements were assessed for each study using Hedges’ g 
with an adjustment for small sample bias23:
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ES was interpreted as small (0.1-0.3), medium (0.3-0.6), or large 
(>0.6).6 Mean differences were weighted according to the 
inverse variance-weighted average method.23 The CIs for the ES 
were computed at the 95% confidence level. We performed a 
randomized effect model in the analyses and heterogeneity 
among studies was assessed using I2 statistics with I2 values 
(ranging from 0% to 100%) considered low if I2 was <25%, 
moderate between 25% and 50%, and high if I2 was >50%.17 
Significance was set at P < 0.05.

Subgroup analyses were performed to evaluate the potential 
moderating variables. Regarding the measured outcomes, the 
cut-off point was established to distinguish heavy (≥85% RM) 
from lower (<85% RM) loads in terms of intensity. In the 
exercise selection variable, we aimed to evaluate the differences 
between those resistance training programs carried out primarily 
(≥50% of the training program) with hip-dominant exercises 
versus knee-dominant hamstring exercises due to the different 
muscle activation pattern produced in hamstring muscles.35,50 In 
addition, we aimed to compare the NHE versus only onfield 
training due to the popularity of this exercise in training 
interventions in soccer players.29,34 In regard to frequency of 
training, we aimed to compare the effects on muscle 
architecture of low frequency (1 day per week) versus higher 
frequency (≥2 days per week) of resistance training. Regarding 
the degree of effort, we aimed to compare the effects of training 
until muscle failure versus nonmuscle failure on muscle 
architecture. For volume variable, we analyzed the differences 
between high versus low volume of training based on the 
median of the volume (ie, repetitions) that the included 
resistance training interventions presented, since it is difficult to 
determine the cut-off point to establish what is high or low 
volume of training.

Sensitivity analyses were conducted omitting studies of low 
methodological quality to determine the robustness of the 
overall results.

RESULTS

Study Selection

Database search identified 275 results. After removing 
duplicates, a total of 168 studies were identified for title and 
abstract selection. This screening resulted in a total of 12 
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articles, of which 6 finally entered the systematic  
review.25,29,34,36,47,54 In addition, 250 studies from the reference lists 
were screened, but none met the eligibility criteria (Figure 1).

Characteristics of Studies and Interventions

The 6 included studies had at least 1 resistance training group. 
Table 1 shows the characteristics of the included studies. No 
studies exceeded a mean of >2 days per week of resistance 
training. Consequently, the comparison between low frequency 
versus higher frequency was actually a comparison between 
training 1 day per week versus training 2 days per week. Only 1 
study included female soccer players,54 who accounted for a total 
of 17 (11.2%) of the 152 players analyzed. The same study had a 
control group that served only as a measure of ultrasound 
reliability. The mean age of the participants ranged from 16.65 to 
24 years.47,54 One study included only a resistance training 
group,47 while 3 studies included 2 groups (2 resistance training 
groups or a control group),25,34,54 and 2 studies included 3 groups 
(2 intervention groups and 1 control group).29,36 Regarding 
measurement technique, it is important to note that all the 
included studies assessed muscle architecture through ultrasound 
images. Two studies conducted a randomized controlled trial,29,34 
2 studies conducted a block randomization because the sample 
belonged to 2 different clubs,36 or to achieve the same 
characteristics of strength, fascicle length, and competition level.25

Table 2 shows the characteristics of the resistance training 
interventions and the main results of the included studies. The 
duration of the interventions ranged from 6 to 12 weeks. The 

intensity (ie, resistance of the exercise) of the resistance training 
groups was the bodyweight due to the exercise (ie, NHE) 
performed in the interventions. Only 1 study performed a hip-
dominant exercise (ie, stiff-leg deadlift),25 whereas another included 
a training group whose intervention was based on acceleration and 
sprint drills.36 The median of the training volume of the included 
interventions was 290 repetitions across the training program.

It was possible to analyze the effects of the NHE versus control 
groups, the effects of low frequency versus higher frequency and 
the effects of high volume and low volume of training. It is 
important to clarify that control groups underwent a training 
intervention based on field exercises, but this intervention was 
not expected to alter the outcome measures adopted. 
Consequently, control groups should be understood as groups 
that perform only onfield training. The effects of different 
intensities and hip-dominant versus knee-dominant hamstrings on 
biceps femoris long head architecture were not able to be 
analyzed because all the included studies performed the NHE in 
the resistance intervention, so the relative load was the same in 
all the interventions (ie, bodyweight). The degree of effort was 
also not possible to analyze because no study conducted training 
until muscle failure or the degree of effort was not reported.

A total of 8 resistance training groups were analyzed for NHE 
versus control groups on muscle thickness, 11 for fascicle 
length, and 8 for pennation angle. A total of 7 resistance 
training groups were analyzed for low frequency versus higher 
frequency on muscle thickness, 10 for fascicle length, and 7 for 
pennation angle.

Figure 1. Flow chart of the study selection process.
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Study Methodological Quality Assessment 
and Evaluation of the Potential Risk of Bias

The TESTEX scale was used to evaluate the quality of the 
included studies and the potential risk of bias. According to this 
scale and the aforementioned qualitative assessment,7 the 
methodological quality of the included studies (Table 3) was 
high, suggesting a low risk of bias (11.33 ± 1.89). Two studies 
did not randomize intervention or control groups due to having 
only 1 group in the study due to the nature of the participants 
(elite male academy soccer players), which makes it impossible 
to isolate a group as a control group without training 
intervention,47 or due to the different competitive level of the 
recruited teams. Half of the included studies reported that all 
assessors were blinded.34,36,54

Pooled Data

Pooled data (ie, forest plots) are presented in the Online 
Appendix.

Sensitivity Analyses

Sensitivity analyses were not necessary as no study had low 
methodological quality and high risk of bias.

DISCUSSION

The present study assessed the effects of key resistance training 
variables, including intensity, training frequency, degree of 
effort, and volume on biceps femoris muscle architecture in 
soccer players. Although exercise selection was also considered, 
the included studies focused primarily on the NHE, with 1 
exception: a study that included both an NHE group and a 
sprint group, in addition to the soccer group.36 As a result, it 
was not possible to analyze the effects of hip-dominant versus 
knee-dominant exercises, meaning the results presented here 
reflect mainly the effects of the NHE. The results of the present 
systematic review showed that muscle thickness had a 
nonsignificant increase, pennation angle had a nonsignificant 
decrease after different NHE programs, whereas the fascicle 
length was significantly greater. As expected, only onfield 
training did not show significant pre-post adaptations. A 
previous meta-analysis showed similar results in healthy 
adults,16 demonstrating that eccentric exercise such as the NHE 
produces increases in muscle thickness and fascicle length, 
while pennation angle decreases after this type of exercise. 
Consequently, the results of the present systematic review 
appear to be consistent with previous findings.

Table 1. Characteristics of the included studies

Study (Year) Training Group n Competitive Level

Measurement 

Technique

Measured 

Outcomes

Lacome et al25 (2020) (1) High volume 10 Elite academy Ultrasound FL

(2) Low volume 9

Lovell et al29 (2020) (1) NHE before 10 Amateur Ultrasound MT, FL, PA

(2) NHE after 14

(3) Control 11

Medeiros et al34 (2020) (1) Low frequency 15 National Premier 

Division

Ultrasound MT, FL, PA

(2) High frequency 17

Mendiguchia et al36 (2020) (1) NHE group 12  

(2) Sprint group 10 Elite Division of Football 

Association of Porto

Ultrasound MT, FL, PA

(3) Soccer group 10  

Siddle et al47 (2022) (1) NHE group 17 Elite Academy Ultrasound MT, FL, PA

Vianna et al54 (2021) (1) NHE group 17 Group 1: Professional

Group 2: Amateur

Ultrasound FL

FL, fascicle length; MT, muscle thickness; NHE, Nordic hamstring exercise; PA, pennation angle.
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These results could have an important impact on injury 
prevention, especially due to the relationship between fascicle 
length and injury risk.3,52,53 In elite soccer players, short biceps 
femoris fascicles have been shown to increase the risk of 
hamstring injuries,52 therefore increasing the length of the 
biceps femoris fascicle through eccentric exercise such as the 
NHE could reduce the incidence of injury.29,34,52 One of the 
theories proposed most often to explain the relationship 
between muscle fascicle length and risk of injury is that the 
fascicle length reflects the number of sarcomeres in series, but 
only 1 study shows that the number of sarcomeres in series is 
not increased after eccentric exercise in humans.41 Nonetheless, 
the present study should be interpreted with caution, since the 
assessment of the number of sarcomeres is based on estimation 
that may be misleading.11,12 However, as previously stated,22 the 
present study has challenged the traditional recognition of the 
striation/sarcomere pattern in skeletal muscles, highlighting the 
complex interaction between serial sarcomere adaptation, 
sarcomere length, sarcomere length nonuniformity, and muscle 
properties. Therefore, it appears to present a well-constructed 
counterargument to eccentric-induced serial sarcomerogenesis. 
In this line, further research in the future is necessary for a 
better understanding of the adaptations in serial sarcomeres 
with more accurate methods. However, muscle excursion seems 

to be a very important factor, since muscle fiber length allows a 
greater excursion of a muscle and the length-tension 
relationship is optimized, thus increasing the capacity of 
producing strength at long muscle positions.28,55 In this line, it is 
important to highlight that the most common injury mechanism 
of biceps femoris long head is during the late swing phase of 
sprinting,24 in which this muscle suffers the largest peak 
muscle-tendon strain (greater than semitendinosus and 
semimembranosus) during the sprinting gate cycle.45

Recent studies have shown that method of estimation of 
fascicle length using prediction equations is not very 
accurate12,13 but is the most common measurement method used 
in studies evaluating muscle architecture using ultrasound 
imaging.52,53 Measurement through prediction equations, given 
the reduced field of view and resulting from the narrow width 
of the transducer, is not a very accurate method because muscle 
thickness is not constant along the muscle length and could 
follow a nonlinear pattern.12 Moreover, the fascicle is frequently 
curved,12 which casts doubt on the accuracy of estimation 
through prediction equations assuming a straight-line fascicle. 
This limitation can lead to greater fascicle estimations, a 
restricted region of interest analyzed, questionable mathematical 
extrapolations, and the omission of fascicle and aponeurosis 
3-dimensional (3-D) curvature.9,11,40 To shed some light on this 

Table 3. Methodological quality and risk of bias assessment of the included studies according to the TESTEX scale

TESTEX Scale Item

Lacome  

et al25  

(2020)

Lovell 

et al29 

(2018)

Medeiros 

et al34 

(2020)

Mendiguchia 

et al36  

(2020)

Siddle 

et al47 

(2022)

Vianna 

et al54 

(2021)

Eligibility criteria 1 1 1 1 1 1

Random allocation 1 1 1 1 - -

Allocation concealment 1 1 1 1 - -

Similar baseline groups 1 1 1 1 - 1

Blinding of all assessors - - 1 1 - 1

Outcome measures assessed in 85% of 

patients

2 2 2 1 3 3

Intention-to-treat analysis 1 1 1 1 1 1

Between-group comparisons 2 2 2 2 - -

Point and variability measures 1 1 1 1 1 1

Activity monitoring in control groups 0 1 0 1 0 0

Relative exercise intensity remained 

constant

0 1 1 1 1 1

Exercise volume and energy expenditure 1 1 1 1 1 1

Total 11 13 13 13 8 10
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issue, Núñez et al37 assessed the biceps femoris long head 
architectural properties through the extended field of view 
technique to obtain panoramic images. Since all included 
studies in the present systematic review analyzed the length of 
the fascicles with prediction equations, it is recommended that 
future studies measure the muscle fascicle through images in 
which the fascicle is viewed in its entirety. Therefore, results on 
the fascicle length reported in this study should be analyzed 
with caution because validity of the measurements could affect 
them.

It is important to note that only 1 study included a hip-
dominant exercise (ie, the bilateral stiff-leg deadlift) in the 
resistance training intervention.25 This fact may be surprising 
due to the greater and selective activation of the long head of 
the biceps femoris in hip-dominant exercises than in knee-
dominant hamstrings exercises.35,50 Another key component in 
reducing injury risk is the execution of exercises at high 
intensity, and therefore at high speed,30-32 due to the injury 
mechanism of the hamstrings, which suffer injuries in actions of 
high intensity such as sprinting.8,15,18 Therefore, the use of 
hip-dominant exercises and especially those performed at high 
velocities could produce greater improvements in muscle 
architecture and thus reduce hamstring injury risk. Future 
research could examine the effects of hip-dominant exercises 
versus knee-dominants in muscle architecture.

In the comparison between low training frequency (ie, 1 day 
per week) and higher training frequency (ie, ≥2 days per week), 
higher training frequency was limited to 2 training sessions per 
week due to the characteristics of the included studies (Table 2). 
Training twice a week did not result in significantly better 
adaptations on muscle architecture compared with training once 
a week. Nonetheless, it is important to highlight that higher 
frequency of training showed greater ES in all measured 
variables (ie, muscle thickness, fascicle length, and pennation 
angle), especially in muscle thickness and fascicle length. 
Nevertheless, strength adaptations were not the objective of the 
present study, but it has been demonstrated that even training 3 
times per week induces similar strength adaptations than 
training once a week, with significant differences in structural 
adaptations.46 The study by Medeiros et al34 compared the 
strength and architectural adaptations with a training frequency 
of once a week or twice a week and showed significant 
differences only in the concentric peak torque, whereas the 
eccentric peak torque, the conventional hamstring-to-quadriceps 
ratio, and functional hamstring-to-quadriceps ratio did not show 
significant differences, with no significant differences in muscle 
architecture. Therefore, it seems that training twice a week did 
not produce different strength and structural adaptations than 
training once a week, whereas training 3 times per week could 
produce significantly higher structural adaptations. This could 
have important implications for injury prevention due to the 
aforementioned relationship between muscle structural 
adaptations and injury risk. Thus, strength and conditioning 
coaches should assess whether they are interested in 
introducing 1 more day of training per week given the minimal 

differences in structural adaptations, and apparently no 
difference in strength levels. Nonetheless, it is important for 
coaches to consider that muscle thickness and fascicle length 
only improved significantly with 2 training sessions per week. 
They have to make this decision (ie, to implement 1 or 2 days 
of training) based on availability during the week and the 
fatigue that training could induce. To equalize both structural 
and strength adaptations, it seems that equalizing training 
volume is an effective strategy, despite the training frequency 
being different.21 In this line, high volume (ie, >290 repetitions 
along the training program) showed significant increases in 
fascicle length, whereas low volumes of training (ie, <290 
repetitions) did not show significant differences. Nonetheless, it 
is important to highlight that the duration of the training 
program in weeks could lead to different training density (ie, 
repetitions per week). In this line, the minimal dose in terms of 
training weeks for the high-volume group was that performed 
by Mendiguchia et al,36 with only 6 weeks of training and even 
showing the greatest ES, whereas the study conducted by Lovell 
et al29 performed 12 weeks of training and also showed one of 
the greatest ESs. On the other hand, the interventions included 
in the low-volume group ranged from 6 to 8 weeks (ie, with 
<290 repetitions along the training program), so the duration of 
the training program could not be as determinant as the number 
of repetitions performed. Surprisingly, the training density, 
defined as the number of repetitions performed per week, 
reached 57 repetitions per week across all high-volume groups, 
accumulating over 290 repetitions throughout the training 
program. In contrast, the low-volume groups performed <40 
repetitions per week. Therefore, when designing resistance 
training programs aimed at fascicle lengthening through the 
NHE, practitioners should aim for a total volume exceeding 290 
repetitions, ensuring a minimum weekly density of 57 
repetitions. Consequently, training frequency, volume of work, 
and density should be taken into account to design the training 
program. To ensure that significant increases in fascicle length 
are achieved, and thus the risk of injury is reduced, we 
recommend 2 days of training and >290 repetitions, with 57 
repetitions per week across the training program with at least 6 
weeks of training.

It is important to note that the present study has limitations, so 
our results must be interpreted with caution. The first and main 
limitation is the 2-dimensional (2-D) assessment method for 
measuring fascicle length of the biceps femoris long head due 
to the aforementioned issues regarding the validity of the 
extrapolation method used in the included studies. These 
limitations include: (1) the reduced field of view, as the narrow 
width of the transducer restricts the observable area, potentially 
leading to overestimations of fascicle length and a limited 
region of interest, which may affect measurement accuracy; (2) 
the reliance on mathematical extrapolations from 2-D images, 
which may fail to adequately represent the complex 3-D 
structure of muscle fascicles; and (3) the omission of 3-D 
curvature, as 2-D ultrasound methods do not account for the 
3-D curvature of fascicles and aponeuroses, potentially 
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introducing further inaccuracies. Another important issue is that 
the results of the present study should not be extrapolated 
directly to dynamic tasks, since the assessment of the 
improvements in fascicle length were conducted in a static 
position. As previously stated,36 more research is necessary to 
thoroughly understand the mechanisms driving these 
architectural changes (muscle-tendon interaction) and to verify 
the proposed hypotheses in dynamic, rather than just isolated 
and static, movements. In this line, this issue is more important 
to contrast given that the biceps femoris long head length is 
determined primarily by the tendinous tissue during dynamic 
tasks such as the NHE and is less influenced by fascicles, which 
operate more isometrically in knee-dominant exercises.27 An 
additional limitation is that soccer players from the different 
included studies did not have the same competitive level and 
thus their training status could be very different. Another 
limitation is the different volume in the resistance training 
programs included in the present systematic review (Table 2), 
because those training programs with higher volumes of 
training are the ones that can achieve the greatest adaptations. 
Another limitation is the wide range of weeks in which training 
programs were carried out (ie, 6 to 12 weeks), so it was difficult 
to give advice about the training program duration. In addition, 
this systematic review did not compare effects of the resistance 
training variables against similar control groups due to the 
analysis employed in this study (pre-post standardized mean 
difference) and the limited number of control groups (ie, 2). 
Given this limitation, the analysis used in the present study 
allows a comparison between intervention groups and control 
groups (test for subgroup differences) that would not allow an 
analysis to be carried out using the mean difference between 
intervention and control groups. Also, 6 studies may be too few 
to draw firm conclusions. This is why some of the desired 
objectives of the present systematic review could not be met. In 
addition, only 1 study included female soccer players, so the 
results of the present study are not conclusive in female players. 
It is important to note that meta-regression was intended to be 
performed to understand the variables that better explained the 
ES and to potentially explain causes of high heterogeneity 
together with analyses of the variables of resistance training (eg, 
wide range of intensities, volumes of training, etc). However, 
<10 studies were included in each comparison, so meta-
regression could not be performed.5,42 Finally, the evaluators of 
the included studies were not blinded in half of the included 
studies, so there is a risk of implicit assessment bias in these 
studies.

CONCLUSION

This systematic review showed that resistance training programs 
based on the NHE are effective strategy to enhance the length 
of the biceps femoris fascicle in soccer players, although muscle 
thickness and pennation angle showed a nonsignificant increase 
and a nonsignificant decrease, respectively. Training once or 
twice a week showed no significant differences in muscle 

thickness, fascicle length, or pennation angle adaptations, but 
training twice a week did maximize architectural adaptations. 
More than 290 NHE repetitions in a period of 6 to 12 weeks 
with at least 57 repetitions per week induced significant 
increases in fascicle length.
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