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ABSTRACT 
International Journal of Exercise Science 16(7): 1142-1153, 2023. Functional Fitness Training (FFT) is a 

very popular training method in recent years. However, the combination of aerobic and strength components of 
this training method raised the hypothesis of impaired strength and muscle structure when compared to Strength 
Training (ST). Thus, the study aimed to compare muscle architecture and strength between FFT and ST, and the 
relationship between muscle architecture and maximum strength performance. Males (28.46 ± 6.03 years), 
nonathletes, and practitioners for two years in FFT (n = 8) and ST (n = 8), in addition to males classified as physically 
active (n = 8) were recruited. Muscle architecture of the rectus femoris (RF) and vastus lateralis (VL) of the thigh 
were evaluated with the aid of B-mode ultrasound and maximum strength in the back squat through the one-
repetition maximum test. For muscle architecture, the fascicle length (FL), pennation angle (PAn), and muscle 
thickness (MT) were evaluated, in addition to the cross-sectional area (CSA). The FL, PAn, MT, and CSA of the RF 
and VL did not differ between the FFT and ST groups. Similarly, maximum strength did not differ between the FFT 
(152 ± 23.68 kg) and ST (151.88 ± 14.77 kg) groups. A significant relationship was observed between the PAn of the 
RF and the maximum strength (r =0.862; p =0.006) of FFT practitioners. The muscle architecture, CSA, and muscle 
strength do not differ between FFT and ST male practitioners, and PAn of the RF correlates with the maximum 
force for FFT practitioners. 
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INTRODUCTION 
 
Functional Fitness Training (FFT) is a training method that has grown in popularity recently 
(11). This training method combines components of aerobic, muscle strength, gymnastics, and 
plyometric exercises, which are performed in a circuit or interval model and at a high intensity 
(2). FFT-based training programs are primarily responsible for disseminating this training 
method and the growing scientific research (2,10,25). 
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Because of different exercises combination, with many of these exercises based on aerobic or 
muscle strength components, the question was raised about the possibility of an interference 
effect with the practice of FFT (34). The interference effect is understood as a phenomenon that 
occurs by the combination of aerobic and strength exercises in the same training session or close 
sessions and is related to the attenuation of gains in strength, power, and muscular hypertrophy 
of the lower limbs when compared to the isolated practice of  Strength Training (ST) (7,32). 
 
Since the muscle architecture can adapt to different types of training (12), it can be hypothesized 
that the interference effect could influence muscle morphology. Muscle architecture is a concept 
applied to the organization of skeletal muscle components such as fascicle length, pennation 
angle, and muscle thickness, which influence the muscle size, for example, the cross-sectional 
area (12,19). This muscular plasticity resulting from the training practice gives its practitioner a 
great performance (16,20) and becomes increasingly specific with the increase in the training 
level (7). 
 
It is known that ST is capable of generating specific adaptations in muscle architecture (19), and 
these adaptations can be negatively influenced in the presence of the interference effect (32). If 
FFT provides the appearance of this effect, the adaptations between these two training methods 
may differ, which could influence the physical performance of FFT practitioners. Given that this 
effect may be evident in more trained individuals (7,32), it is unknown whether there is a 
difference between the muscle architecture of experienced practitioners in FFT and practitioners 
trained only in ST. 
 
The literature presents the study by Mangine et al. (23) who compared the muscle architecture 
of experienced FFT practitioners with practitioners who combined ST and Aerobic Training. 
However, to our knowledge, comparisons with individuals who only practice long-term ST 
have not yet been reported. Therefore, this study aimed to compare muscle architecture and 
muscle strength between FFT and ST male practitioners, in addition to evaluating the 
relationship of muscle architecture with the performance of maximum lower limb strength. 
 
Faced with the possibility of the interference effect, our first hypothesis is that ST practitioners 
have higher mean muscle thickness and pennation angle values and lower fascicle length values 
than FFT practitioners. Regardless of the training method, FFT and ST practitioners perform 
exercises with high overloads that favour muscle hypertrophy, so our second hypothesis is that 
there will be no difference in cross-sectional area between FFT and ST practitioners. Recently, 
Pallarés et al. (31) observed that, in general, individuals who trained in full back squats 
performed better in the maximum strength test when compared to individuals who performed 
parallel squats. Therefore, our third hypothesis is that FFT practitioners present a greater load 
in the maximum strength test than ST practitioners. 
 

METHODS 
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Participants 
Volunteers who met the following inclusion criteria were selected: male, adults (> 18 years), 
practitioners of FFT, ST, and physically active individuals (PA) to compose the control group. 
Those who had injuries or physical limitations, used anabolic-androgenetic steroids, athletes, or 
who trained with the competition's aim were excluded. 
 
For volunteers practicing FFT, we followed the criteria of Mangine et al. (23). Participants should 
have at least two years of experience with the modality and practice at least 3 weekly sessions. 
For the ST group, participants should have at least 2 years of weight training practice and 
strengthen lower leg muscles at least twice a week. In the PA group, participants should be 
classified as active or very active according to the international physical activity questionnaire 
(24) and not practice FFT or ST. 
 
All participants considered eligible were informed about the risks and benefits of the study, and 
each participant provided written consent. This study was conducted in accordance with the 
Declaration of Helsinki, and the ethical standards of the International Journal of Exercise Science 
(28). All procedures were previously approved by the ethics and research committee of the 
Federal University of Santa Catarina (n° 51849421.6.0000.0121) 
 
For the sample size, information on the muscle architecture of the rectus femoris and vastus 
lateralis from previous studies was collected (8,22,23) and the effect size was calculated. Thus, 
considering the test's statistical power of 80%, effect size of 0.78, and significance level of 5%, a 
minimum number of 21 participants was obtained. 
 
Twenty-four males were included in the study (28.46 ± 6.03 years; 162 ± 6.73 cm): PA (n = 8), 
FFT (n = 8), and ST (n = 8). Regarding the physical training of the volunteers, the PA group was 
made up of running, cycling, and soccer practitioners, who practiced these activities for 
approximately 4.6 years, with a frequency of 4 times a week, with a duration of 100 minutes 
each session. Participants in the FFT group had 3.6 years of experience with this training method, 
with a frequency of 5 weekly sessions and a duration of 82.5 minutes for each session. 
Participants in the ST group had been practicing weight training for 4.5 years, with a frequency 
of 5 sessions per week, and a duration of 67.5 minutes in each training session. The 
characterization of the participants is presented in Table 1. 
 
Table 1. Characterization of the participants. 

Anthropometric characteristics PA (n = 8) FFT (n = 8) ST (n = 8) 

Age (years) 29.25 ± 8.24 27 ± 4.6 29.13 ± 6.12 
Height (cm) 173 ± 7.11 173.76 ± 7.55 175.91 ± 3.76 
Body mass (kg) 66.25 ± 6.95* 78.44 ± 9.6 82.50 ± 8.69 
Fat percentage (%) 11.50 ± 2.45 12.48 ± 4.5 12.89 ± 4.08 
Fat-free mass (kg) 58.25 ± 5.02* 68.36 ± 6.09 71.68 ± 6.19 
1RM test (kg) 87 ± 6.9* 152 ± 23.68 151.88 ± 14.77 

PA, physically active; FFT, Functional Fitness Training; ST, Strength Training; cm, centimeters; kg, kilograms; min, 
minutes. *Mean values lower than those of FFT and ST, p < 0.05. 
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Protocol 
Experimental design: For this cross-sectional study, three visits were made to the Biomechanics 
Laboratory. All study procedures were explained on the first visit, the consent form was signed, 
and the entire evaluation protocol was familiarized. The following evaluations were performed 
on the second visit: anthropometric, ultrasound, and maximum strength. On the third day, data 
reproducibility was performed in the ultrasound evaluations, and maximum strength. If the 
participant was not feeling well during a data collection day, the collection was rescheduled. All 
evaluations were performed at an interval of 48 hours. 
 
Anthropometry: Total body mass was assessed with the participant wearing appropriate 
clothing and in an orthostatic position on a digital scale (Filizola®, Brazil), while height was 
assessed using a stadiometer (Sanny®, Brazil). An experienced rater with level 2 certification 
from the International Society for the Advancement of Kinanthropometry (ISAK) measured the 
participants' skinfolds. Subscapular, triceps, suprailiac, and medial calf skinfolds were collected. 
With this information, the body density of the participants was calculated using the equation by 
Petroski and Pires Neto (33), which allowed the calculation of the percentage of fat using the Siri 
equation (36). Fat-free mass was calculated using the equation by Vanitallie et al. (38). 
 
Ultrasound: Muscle morphology was acquired through B-mode ultrasound images (model 
LOGIQ S7 Expert, General Electric, GE Healthcare, USA), on the dominant side of the 
participants, defined as the leg chosen to kick a ball (26). All images were acquired by an 
evaluator with 700 hours of experience in image acquisition and image processing was 
performed by an evaluator with 312 hours of experience in image analysis. 
 
The procedures for acquiring images for the cross-sectional area (CSA) were conducted as 
described by Lacerda et al. (21). This technique for assessing CSA was validated by Noorkoiv et 
al (29) by comparing the extended field-of-view ultrasound method with computed tomography 
(ICC: 0.95 - 0.99). First, the greater trochanter and the lateral epicondyle of the femur were 
identified and the femur length was measured, then, starting from the proximal region of the 
thigh, points 40, 50, 60, and 70% of the femur length were identified. Thus, the participants' 
anterior thigh region was marked in each of these percentages for image acquisition. After 5 
minutes of rest on a stretcher (5), two images were acquired in each of the percentages in the 
extended view mode with a 5 cm transducer. The settings used were: frequency of 10 MHz, 
image capture depth of 7 cm, and gain of 60 dB. Water-based gel was applied to the transducer 
head to achieve acoustic coupling, and extra care was taken to avoid muscle strain. Rectus 
femoris and vastus lateralis CSA were manually demarcated using ImageJ public domain 
software (V.1.52; National Institute of Health, USA). The average of the four percentages for 
each muscle represented the CSA for the statistical analysis. 
 
For muscle architecture, the same settings reported above were used. Then, the transducer was 
positioned longitudinally to the femur, oriented parallel to the muscle fascicles, and 
perpendicular to the skin (15). Two images were acquired at 50% of the femur length for the 
rectus femoris and vastus lateralis. Muscle thickness was determined as the distance between 



Int J Exerc Sci 16(7): 1142-1153, 2023 
 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
1146 

the muscle's deepest and most superficial aponeurosis (6). For the acquisition of muscle 
thickness, five measurements were taken along the image (one at each end, one central, and two 
intermediates), then the average between them was calculated. The fascicle length was 
estimated using the Fini and Komi equation (13) and understood as the length of the fascicular 
path between the superficial and deep aponeurosis. The pennation angle was defined as the 
angle between the deep aponeurosis and the fasciculus. 
 
Maximum force: The back squat exercise was used to assess maximum strength through the 
one-repetition maximum test (1RM). The 1RM test protocol was performed according to 
Vigotsky et al. (39) and the test was performed on the Smith machine (Freestyle, Righetto) to 
ensure the safety of the participants. The participants were asked to perform the parallel squat 
and, for the reproducibility of the data, the height of the safety device of the Smith machine, as 
well as the positioning of the participants' feet were marked. 
 
Before the test, a 5-minute warm-up was performed on an ergometric bicycle, followed by a 
specific warm-up on the Smith machine at 50% and 80% of the estimated 1RM. Then, the 
maximum load was determined in a maximum of 5 attempts with a 5-minute interval between 
them. After each successful attempt, the load was increased (or decreased in the case of an 
unsuccessful attempt) according to what the investigators and the participant considered 
feasible. The maximum load lifted was used for analysis, but the weight of the equipment bar 
was disregarded from the final load. 
 
Statistical Analysis 
Values are reported as mean ± standard deviation. The normal distribution of data was 
evaluated using the Shapiro-Wilk test. One-way ANOVA followed by post hoc Bonferroni was 
used to assess group differences. Effect size (ES) of comparisons was calculated and classified 
according to Hopkins (18): 0.0–0.2, trivial; 0.21–0.6, small; 0.61–1.2, moderate; 1.21 –2.0, large; 
and 2.1–4.0, very large. Pearson's correlation evaluated the relationship between the maximum 
load in the 1RM test and muscle architecture measurements. The magnitude of correlations was 
determined using the scale based on Cohen's classification (14): small (r2 = 0.01), medium (r2 = 
0.09), and large (r2 = 0.25). The adopted significance level was 5%, and the analyzes were 
performed in the statistical package for social sciences (IBM SPSS Statistics, USA). For data 
reproducibility, the Intraclass Correlation Coefficient (ICC), the typical error (TE), and the 95% 
confidence intervals (CI) were calculated.  
 

RESULTS 
 

Participants in the PA group had lower body mass (F = 7.904; p = 0.003; FFT, p = 0.028; ST, p = 
0.003) and lower fat-free mass (F = 11.155; p = 0.006; FFT, p = 0.008; ST, p = 0.001) when compared 
to the other groups. Participants in the FFT and ST groups did not differ among themselves for 
any of the general characterization measures (Table 1). 
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An excellent correlation was observed in all evaluated variables. Fascicle length (ICC: 0.99 (0.98-
0.99 CI); TE: 0.24 (0.20-0.30 CI)), pennation angle (ICC: 0.99 (0.98-0, 99 CI); TE: 0.31 (0.26-0.39 
CI)), muscle thickness (ICC: 0.99 (0.98-0.99 CI); TE: 0.02 (0.02-0.03 CI)), CSA (ICC: 0.99 (0.98-0.99 
CI); TE: 0.29 (0.24-0.36, CI)), and 1RM test (ICC: 0.99 (0.98-0.99 CI); TE: 0.96 (0.75-1.35 CI)). 
 
All muscle architecture information is presented in Figure 1. A significant interaction was 
observed for the rectus femoris's fascicle length (F = 3.737; p = 0.041). Participants of the PA 
group had similar values of fascicle length of the rectus femoris in relation to FFT (p = 0.05; ES 
= 0.22) and ST (p = 0.152; ES = 1.23). No significant differences were observed for any rectus 
femoris muscle architecture variable between the FFT and ST groups. No significant interaction 
was observed for the fascicle length of the vastus lateralis (F = 0.17; p = 0.84). The ES for fascicle 
length was “trivial” (FFT: 0.05; ST: 0.19) between the training groups and the PA group. About 
FFT and ST groups, a “small” ES was observed (ES = 0.27). 
 
A significant interaction was observed for the rectus femoris's pennation angle (F = 12.47; p < 
0.001). The FFT group (p = 0.003; ES = 1.76) and the ST group (p < 0.001; ES = 2.93) had a higher 
pennation angle compared to the PA group. No significant interaction was observed for the 
pennation angle of the vastus lateralis (F = 1.30; p = 0.29). The ES for pennation angle was 
“small” (FFT: 0.46) and “moderate” (ST: 0.75) between the training groups and the PA group. In 
relation to FFT and ST groups, a “small” ES was observed (ES = 0.36). 

A significant interaction was observed for muscle thickness (F = 11.4; p < 0.001) of the rectus 
femoris. The FFT group (p < 0.001; ES = 2.3) and ST groups (p = 0.04; ES = 1.41) had higher 
muscle thickness than participants in the PA group. No significant interaction was observed for 

Figure 1. Muscle Architecture 
and Cross-sectional area 
between the Physically Active 
(PA), Functional Fitness 
Training (FFT), and Resistance 
Training (RT) groups. 
*Difference between Physically 
Active and other groups, p < 
0.05. 
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the vastus lateralis muscle thickness (F = 1.70; p = 0.20). The ES for muscle thickness was 
“moderate” (FFT: 0.79; ST: 0.8) between the training groups and the PA group. In relation to FFT 
and ST groups, a “trivial” ES was observed (ES = 0). 
 
A significant interaction was observed for rectus femoris CSA (F = 7.329; p = 0.004). Participants 
in the FFT and ST groups had higher CSA of the rectus femoris when compared to participants 
in the PA group (FFT, p = 0.004, ES = 1.84; ST, p = 0.04, ES = 1.47). No significant differences 
were observed between FFT and ST groups (p = 0.93, ES = 0.4). A significant interaction was 
observed for vastus lateralis CSA (F = 6.933; p = 0.005). Participants in the FFT and ST groups 
had higher CSA of the vastus lateralis (FFT, p = 0.008, ES = 1.8; ST, p = 0.02, ES = 1.48) compared 
to PA group participants. No significant differences were observed between FFT and ST groups 
(p = 1, ES = 0.2). 
 
A significant interaction between groups was observed for maximum strength (F = 40.723; p < 
0.001). Participants in the FFT (p < 0.001; ES = 3.72) and ST groups (p < 0.001; ES = 5.62) achieved 
a greater load than the participants in the PA group. Between the training groups, no difference 
was observed for the maximum load in the 1RM test. 
 
The relationship between maximum strength and muscle architecture variables is presented in 
Table 2. A significant relationship was observed only for the pennation angle of the rectus 
femoris and maximum strength performance for participants in the FFT group. However, the 
fascicle length of the rectus femoris presented a “medium” ES for the FFT (r2 = 0.3), and ST (r2 = 
0.4) groups, "large" and "small" ES as observed for the FFT (r2 = 0.7) and ST (r2 = 0.02) groups, 
respectively, and the muscle thickness presented a “medium” ES for the FFT (r2 = 0.3) and ST (r2 
= 0.3) groups. For the vastus lateralis, “small” ES of the fascicle length was observed for the FFT 
(r2 = 0.1) and ST (r2 = 0.2) groups, respectively. For the pennation angle, “small” ES and 
“medium” ES were observed for FFT (r2 = 0.2) and ST (r2 = 3) groups, respectively, and the 
muscle thickness presented "small" ES as observed for the FFT (r2 = 0.02) and ST (r2 = 0.002) 
groups. 
 
Table 2. Relationship of maximum strength and muscle architecture variables. 

  Rectus femoris Vastus Lateralis 

  MT FL PAn MT FL PAn 

1RM test 

 Functional Fitness Training 

r 0.54 -0.55 0.862 0.17 -0.34 0.4 
p-value 0.16 0.15 0.006 0.68 0.4 0.32 

 Strength Training 

r 0.58 0.62 -0.17 -0.05 -0.5 0.51 
p-value 0.12 0.1 0.67 0.9 0.2 0.2 

MT = muscle thickness; FL = fascicle length; PAn = pennation angle 
 
DISCUSSION 
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The objective of the present study was to compare muscle architecture and muscle strength 
between FFT and ST male practitioners, in addition to evaluating the relationship of muscle 
architecture with the performance of maximum lower limb strength. The main findings of this 
study were that FFT and ST male practitioners do not differ from each other regarding the 
muscle architecture of the rectus femoris and vastus lateralis, as well as they do not differ 
regarding the performance of maximum strength in the back squat exercise. In addition, only 
FFT practitioners' pennation angle of the rectus femoris presented a relationship with maximal 
strength performance. Therefore, we rejected the first and third hypotheses, because muscle 
architecture and maximum strength did not differ between the FFT and ST groups, and we 
accepted the second hypothesis because the groups did not differ in relation to CSA. 
 
The practice of muscle strength exercises provides hypertrophic gains that can be inferred by 
different structural measures (37). Among these measures, there is muscle thickness, which is 
associated with CSA (35). In this sense, the higher muscle thickness values observed in the FFT 
and ST groups may be related to the increase in muscle dimensions (i.e., muscle hypertrophy) 
that was acquired through mechanical stress imposed by constant overloads over the years of 
training of these participants (9,20). 
 
These overloads imposed with the practice of strength exercises can also influence the pennation 
angle. It is believed that these stimuli lead to an increase in contractile material in the limited 
area of the aponeurosis, which affects the increase in the pennation angle (12,27). This scenario 
would explain the greater pennation angle of the rectus femoris and vastus lateralis observed in 
the FFT and ST groups. 
 
Specifically for the vastus lateralis, the absence of difference between groups for fascicle length 
may be related to the organization of pennation angle and muscle thickness. In the model 
presented by Jogerson et al. (19), the increase in muscle size may be accompanied by an increase 
in contractile material in parallel in the muscle fascicle. In this scenario, there would be no 
longitudinal increase, however, a radial increase in the fascicle, accompanied by an increase in 
the pennation angle of this structure. Therefore, this configuration would provide the absence 
of changes in the fascicle length, associated with the increase in pennation angle and muscle 
thickness, as observed in the FFT and ST groups. 
 
The reorganization of the components of the muscle architecture can lead to an increase in CSA, 
which is related to muscle hypertrophy (17). Hypertrophy can be operationally defined as an 
increase in the axial CSA of a muscle fiber or whole muscle (35). The increase in CSA results 
from the combination of concomitant or subsequent changes in muscle architecture, fiber type, 
and neural factors, which can influence the capacity to produce maximum force (37). Thus, we 
believe that the arrangement of the muscle architecture of the rectus femoris and vastus lateralis 
may have contributed to the higher CSA values in the FFT and ST groups in relation to the PA 
group. 
As for the maximum strength performance, we observed that the practitioners of the FFT and 
ST groups reached high loads in the 1RM test. These results are in agreement with the literature 
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that presents a good maximum effort performance as a result of the practice of these two types 
of training. Dexheimer et al. (10) and Meier, Rabel, and Schmidt (25), for example, evaluated 
males experienced in FFT and reported loads of 151 kg and 152.3 kg, respectively, for maximum 
strength assessed through the back squat. Similarly, Ormsbee et al. (30) and Alegre et al. (3) 
evaluated experienced males in ST and reported loads of ~151.4 kg and ~153.8 kg, respectively, 
after a 1RM test for the back squat. 
 
The performance in the maximum effort test can be related to different factors. For example, the 
insertion of high loads during training can provide neuromuscular adaptations that contribute 
to the musculature, increasing its strength production capacity (35). Another factor is related to 
the similarity of the exercise used in the maximum effort test and the insertion of this exercise 
during training since the continuous practice of this exercise can favor biomechanical 
adjustments that provide good performance during the test (4). 
 
Furthermore, some of the muscle architecture components may have contributed to strength 
gains, given the relationship observed in our study. As previously reported, the addition of 
sarcomeres may provide lower fascicle length associated with a higher pennation angle 
(12,19,27). The pennation angle is related to muscle thickness (1), and the combination of these 
structures can help in the force production capacity. In this sense, the existence of a positive 
relationship between maximum strength and muscle thickness and pennation angle is 
understood, as well as a negative relationship between fascicle length and maximum strength 
performance. 
 
Based on the findings of the present study, the practice of FFT does not seem to negatively 
influence the muscular adaptations and performance of its male practitioners, when compared 
to the practice of isolated ST, which weakens the possibility of the existence of an interference 
effect. Although our study presented relevant information, some limitations were identified and 
needed to be reported. The study was cross-sectional, which made it impossible to control the 
different exposures experienced by the participants, which may have influenced some muscle 
structures. The primary outcome of this study was the muscle architecture; therefore, neural 
factors were not evaluated, which also influence the production of muscle strength. The ST 
group did not consist of individuals who exclusively aimed at strength gains, so this may have 
affected the maximum strength performance of these participants. Additionally, our results are 
restricted to male practitioners. 
 
On the other hand, our study approached the actual context of different training centers, since 
it involved experienced practitioners who did not train for competition purposes. The 
performance test did not grant the participants advantages of any training method, since the 
back squat exercise is performed in a gym and FFT environments. In addition, comparisons of 
the muscle architecture of two training methods that are widely practiced nowadays were 
presented, which can help in the judgment of practitioners and training prescribers regarding 
the effects of these training methods on the musculature. 
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We believe that new information can be added to the literature. Therefore, future studies can 
compare the different training methods regarding the combination of morphological and neural 
aspects. In addition, to expand information regarding women practitioners of FFT, as well as to 
evaluate individuals with higher levels of training, such as athletes and competitors. 
 
The conclusion is that muscle architecture and CSA components of the rectus femoris and vastus 
lateralis muscles do not differ between experienced FFT and ST practitioners. The maximum 
strength in the back squat also does not differ between practitioners of these two training 
methods. In addition, the pennation angle of the rectus femoris seems to contribute to force 
production in FFT practitioners. 
 
ACKNOWLEDGEMENTS 
 
The authors would like to thank all the participants who participated in this research. This 
work was supported by a CAPES PhD fellowship for SNO. This work was supported by a 
CAPES Ph.D. fellowship for SNO and DAK. 
 
REFERENCES 
 
1. Aagaard P, Andersen JL, Dyhre-Poulsen P, Leffers AM, Wagner A, Peter Magnusson S. A mechanism for 
increased contractile strength of human pennate muscle in response to strength training: Changes in muscle 
architecture. J Physiol 534(2): 613–623, 2001. 
 
2. Adami PE, Rocchi JE, Melke N, De Vito G, Bernardi M, Macaluso A. Physiological profile comparison between 
high intensity functional training, endurance and power athletes. Eur J Appl Physiol 122(2): 531–539, 2022. 
 
3. Alegre LM, Jiménez F, Gonzalo-Orden JM, Martín-Acero R, Aguado X. Effects of dynamic resistance training on 
fascicle length and isometric strength. J Sports Sci 24(5): 501–508, 2006. 
 
4. Androulakis-Korakakis P, Fisher JP, Steele J. The Minimum Effective Training Dose Required to Increase 1RM 
Strength in Resistance-Trained Men: A Systematic Review and Meta-Analysis. Sports Med 50(4): 751–765, 2020. 
 
5. Arroyo E, Stout JR, Beyer KS, Church DD, Varanoske AN, Fukuda DH, et al. Effects of supine rest duration on 
ultrasound measures of the vastus lateralis. Clin Physiol Funct Imaging 38(1): 155–157, 2016. 
 
6. Blazevich AJ, Gill ND, Zhou S. Intra- and intermuscular variation in human quadriceps femoris architecture 
assessed in vivo. J Anat 209(3): 289, 2006. 
 
7. Coffey VG, Hawley JA. Concurrent exercise training: do opposites distract? J Physiol 595(9): 2883–2896, 2017. 
 
8. Coratella G, Longo S, Borrelli M, Doria C, Cè E, Esposito F. Vastus intermedius muscle architecture predicts the 
late phase of the knee extension rate of force development in recreationally resistance-trained men. J Sci Med Sport 
23(11): 1100–1104, 2020. 
 
9. D’Antona G, Lanfranconi F, Pellegrino MA, Brocca L, Adami R, Rossi R, et al. Skeletal muscle hypertrophy and 
structure and function of skeletal muscle fibres in male body builders. J Physiol 570(Pt 3): 611, 2006. 
 



Int J Exerc Sci 16(7): 1142-1153, 2023 
 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
1152 

10. Dexheimer JD, Schroeder ET, Sawyer BJ, Pettitt RW, Aguinaldo AL, Torrence WA. Physiological Performance 
Measures as Indicators of CrossFit® Performance. Sports 7(4): 1–13, 2019. 
 
11. Dominski FH, Tibana RA, Andrade A. “Functional Fitness Training”, CrossFit, HIMT, or HIFT: What Is the 
Preferable Terminology? Front Sport Act Living 4: 1–6, 2022. 
 
12. Ema R, Akagi R, Wakahara T, Kawakami Y. Training-induced changes in architecture of human skeletal 
muscles: Current evidence and unresolved issues. J Phys Fit Sport Med 5(1): 37–46, 2016. 
 
13. Finni T, Komi P V. Two methods for estimating tendinous tissue elongation during human movement. J Appl 
Biomech 18(2): 180–188, 2002. 
 
14. Foster GC, Lane D, Scott D, Hebl M, Guerra R, Osherson D, et al. Introduction to Statistics in the Psychological 
Sciences. Available at: https://irl.umsl.edu/oer/25/; 2018. 
 
15. Franchi M V., Longo S, Mallinson J, Quinlan JI, Taylor T, Greenhaff PL, et al. Muscle thickness correlates to 
muscle cross-sectional area in the assessment of strength training-induced hypertrophy. Scand J Med Sci Sports 
28(3): 846–853, 2018. 
 
16. Fukutani A, Kurihara T. Comparison of the muscle fascicle length between resistance-trained and untrained 
individuals: cross-sectional observation. Springerplus 4(1), 2015. 
 
17. Haun CT, Vann CG, Roberts BM, Vigotsky AD, Schoenfeld BJ, Roberts MD. A Critical Evaluation of the 
Biological Construct Skeletal Muscle Hypertrophy: Size Matters but So Does the Measurement. Front Physiol 10: 
1–23, 2019. 
 
18. Hopkins W. New View of Statistics: Effect Magnitudes. Available at: 
https://www.sportsci.org/resource/stats/effectmag.html; 2002. 
 
19. Jorgenson KW, Phillips SM, Hornberger TA. Identifying the Structural Adaptations that Drive the Mechanical 
Load-Induced Growth of Skeletal Muscle: A Scoping Review. Cells 9(7), 2020. 
 
20. Kawakami Y, Abe T, Fukunaga T. Muscle-fiber pennation angles are greater in hypertrophied than in normal 
muscles. J Appl Physiol 74(6): 2740–2744, 1993. 
 
21. Lacerda LT, Marra-Lopes RO, Lanza MB, Diniz RCR, Lima FV, Martins-Costa HC, et al. Resistance training with 
different repetition duration to failure: effect on hypertrophy, strength and muscle activation. PeerJ 9: 1–26, 2021. 
 
22. Mangine GT, Fukuda DH, LaMonica MB, Gonzalez AM, Wells AJ, Townsend JR, et al. Influence of gender and 
muscle architecture asymmetry on jump and sprint performance. J Sport Sci Med 13(4): 904–911, 2014. 
 
23. Mangine GT, Stratton MT, Almeda CG, Roberts MD, Esmat TA, VanDusseldorp TA, et al. Physiological 
differences between advanced CrossFit athletes, recreational CrossFit participants, and physically-active adults. 
PLoS One 15(4): 1–21, 2020. 
 
24. Matsudo S, Araújo T, Matsudo V, Andrade D, Andrade E, Oliveira LC, et al. Questionário Internacional de 
Atividade Física (IPAQ): Estudo de Validade e Reprodutibilidade no Brasil. Rev Bras Atividade Física e Saúde 6(2): 
1–14, 2012. 
 
25. Meier N, Rabel S, Schmidt A. Determination of a CrossFit® Benchmark Performance Profile. Sport (Basel, 
Switzerland) 9(6), 2021. 
 



Int J Exerc Sci 16(7): 1142-1153, 2023 
 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
1153 

26. van Melick N, Meddeler BM, Hoogeboom TJ, Nijhuis-van der Sanden MWG, van Cingel REH. How to 
determine leg dominance: The agreement between self-reported and observed performance in healthy adults. PLoS 
One 12(12): e0189876, 2017. 
 
27. Narici M, Franchi M, Maganaris C. Muscle structural assembly and functional consequences. J Exp Biol 219(Pt 
2): 276–284, 2016. 
 
28. Navalta JW, Stone WJ, Lyons TS. Ethical Issues Relating to Scientific Discovery in Exercise Science. Int J Exerc 
Sci 12(1): 1, 2019. 
 
29. Noorkoiv M, Nosaka K, Blazevich AJ. Assessment of quadriceps muscle cross-sectional area by ultrasound 
extended-field-of-view imaging. Eur J Appl Physiol 109(4): 631–639, 2010. 
 
30. Ormsbee MJ, Saracino PG, Morrissey MC, Donaldson J, Rentería LI, McKune AJ. Pre-sleep protein 
supplementation after an acute bout of evening resistance exercise does not improve next day performance or 
recovery in resistance trained men. J Int Soc Sports Nutr 19(1): 164–178, 2022. 
 
31. Pallarés JG, Cava AM, Courel-Ibáñez J, González-Badillo JJ, Morán-Navarro R. Full squat produces greater 
neuromuscular and functional adaptations and lower pain than partial squats after prolonged resistance training. 
Eur J Sport Sci 20(1): 115–124, 2020. 
 
32. Petré H, Hemmingsson E, Rosdahl H, Psilander N. Development of Maximal Dynamic Strength During 
Concurrent Resistance and Endurance Training in Untrained, Moderately Trained, and Trained Individuals: A 
Systematic Review and Meta-analysis. Sport Med 51(5): 991–1010, 2021. 
 
33. Petroski EL, Pires Neto CS. Validação de equações antropométricas para a estimativa da densidade corporal em 
homens. Rev Bras Atividade Física Saúde 1(3): 5–14, 1996. 
 
34. Schlegel P. CrossFit® training strategies from the perspective of concurrent training: A systematic review. J 
Sport Sci Med 19(4): 670–680, 2020. 
 
35. Schoenfeld B, Fisher J, Grgic J, Haun C, Helms E, Phillips S, et al. Resistance Training Recommendations to 
Maximize Muscle Hypertrophy in an Athletic Population: Position Stand of the IUSCA. Int J Strength Cond 1(1): 1–
30, 2021. 
 
36. Siri WE. Body composition from fluid spaces and density: analysis of methods. 1961. Nutrition 9(5): 480–491, 
1993. 
 
37. Suchomel TJ, Nimphius S, Bellon CR, Stone MH. The Importance of Muscular Strength: Training 
Considerations. Sport Med 48(4): 765–785, 2018. 
 
38. Vanitallie TB, Yang MU, Heymsfield SB, Funk RC, Boileau RA. Height-normalized indices of the body’s fat-free 
mass and fat mass: potentially useful indicators of nutritional status. Am J Clin Nutr 52(6): 953–959, 1990. 
 
39. Vigotsky AD, Bryanton MA, Nuckols G, Beardsley C, Contreras B, Evans J, et al. Biomechanical, 
Anthropometric, and Psychological Determinants of Barbell Back Squat Strength. J Strength Cond Res 33: S26–35, 
2019. 

 
 

 


