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workouts, countermovement jump ability and blood lactate were measured. Heart rate (HR) and
ratings of perceived exertion (RPE) were measured post-exercise. Results: For both the standard and
adapted protocols, mean HR was 90% age-predicted maximum. Final RPE was also similar for both
workouts (~15-15.5) and indicated a “hard” work intensity. Both FFTs took the same time to complete
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1. Introduction

Copyright: © 2021 by the authors. High-intensity functional training or Functional Fitness Training (FFT) is a new exer-
Licensee MDPI, Basel, Switzerland.  ¢jge modality prioritizing functional multi-joint movements, executed in multiple planes of
movement, at high intensity and with different durations, that can be adapted to any level of
fitness. FFT is also characterized by eliciting more muscle recruitment than more traditional
exercise, as it consists of whole-body exercises (squats, deadlifts, cleans, snatches, pull ups,
vertical jumps, etc.) executed at high intensity as a circuit [1]. FFT was first mentioned
in the scientific literature in 2014 [2]. In this early work, Heinrich et al. (2014) [2] sought
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to find high-intensity training options that would save time over traditional moderate-
intensity aerobic plus resistance training programs yet provoke a similar level of enjoyment
and adherence to the exercise program. These findings could be the consequence of a
self-selected intensity of exercise and also of the high variety of FFT exercises and training
protocols [2]. FFT has often been compared to high-intensity interval training (HIIT). This
last training modality is characterized by bouts of high-intensity work interspersed with
very short rest periods, leading to fitness and health improvements in less time than weekly
exercise recommendations [3,4]. However, as HIIT frequently involves aerobic training
intervals, its health benefits may not be as great as those offered by a combined aerobic
and resistance training program [5]. HIIT focuses on unimodal exercises such as running,
pedaling, rowing, etc., completed as short high-intensity bouts to improve aerobic capacity
and cardiorespiratory fitness without promoting significant muscle mass gains [6,7]. In
contrast, FFT exercises are multimodal, whole-body functional exercises with universal mo-
tor recruitment patterns in multiple movement planes [2,8,9] conducted at high intensity as
a circuit. These exercises pursue improvements in both muscle strength and cardiovascular
fitness [10]. Another difference between HIIT and FFT is that the latter lacks prescribed
rest intervals [1]. Many FFT workouts consist of completing a set number of repetitions
in the shortest time possible (“rounds for time”) or completing within a set time frame as
many repetitions as possible (“AMRAP”) of a set of exercises [1,11]. Hence, rest or recovery
intervals are introduced by athletes “as needed” depending on their physical fitness level
or the nature of the FFT workout. This means that a FFT workout may be completed with
no rest periods at all. This contrasts with most HIIT protocols, in which both work and rest
intervals are preset [1,6,7].

A few studies have compared the effects of HIIT and FFT on performance. For instance,
Buckley et al. (2015) [12] compared a program consisting of a multimodal circuit, similar to
FFT, featuring strength and metabolic-component exercises with a unimodal HIIT training
program of rowing. Both groups completed 6 weeks of training 3 days per week, and each
session consisted of 6 rounds of 60 s all-out intervals followed by 3 min of passive recovery.
While both the multimodal circuit training program (MM-FFT) and rowing HIIT groups
showed similar gains in aerobic threshold (13% vs. 12%), VOamax (7-5%), and power and
anaerobic capacity (15% vs. 12% and 18% vs. 14%, respectively), only the MM-FFT group
showed significant improvement in the kg lifted in a one repetition maximum (1RM) of
squat, deadlift, and overhead press, as well as significant increases in broad jump muscular
power and muscular endurance, documenting improved muscle performance in MM-FFT
compared to rowing HIIT [12].

Hence, one of the characteristics of many FFT is the lack of preset rest intervals. In
their study, Buckley et al. (2015) [12] prescribed rest intervals in the MM-FFT program
to match work-rest times of both programs such that they differed only in the type of
exercises conducted (multimodal vs. unimodal rowing). Another interesting focus of study
would be to examine what happens when maintaining the same multimodal exercises
in two FFT programs while modifying rest intervals, in which participants carry out the
same number of repetitions with the same workload (same absolute training volume and
absolute load but different density of training due to the different rest intervals). This
could give rise to two situations: (1) Relative work intensities could differ as an absolute
workload in one individual could represent different relative intensities depending on the
velocity reached [13-16]. That is, with the introduction rest periods, repetitions could be
performed at a higher velocity, representing a lower relative intensity for that absolute load.
(2) Consequently, this could lead to different extents of effort and fatigue between the two
FFTs, as rest intervals could translate to the recovery of predominant energy pathways
in this type of exercise. In high-intensity intermittent exercise, high-energy phosphagen
metabolism is a predominant system [17]. Among the mechanisms that give rise to fatigue
is the inhibition of muscle contraction due to the build-up of final metabolic products [18]
such as hydrogen ions, which reduce the pH, generating metabolic acidosis and inhibition
of the enzyme phosphofructokinase (PFK). This reduction in PFK is accompanied by a
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decrease in the resynthesis of phosphocreatine [19] and the inhibition of glycolysis [20],
with negative effects on muscle contraction. Thus, the introduction of rest intervals could
increase the time of phosphocreatine reserve depletion and decrease metabolic acidosis.
Phosphocreatine resynthesis involves a rapid first stage in which 70% of reserves are
recovered in the first 30 s, and a second longer stage that lasts for around 3-5 min [21].

On the other hand, technically demanding exercises such as the squat, snatch, and
clean and jerk create tension and overloading of joints in the shoulder and lumbar re-
gion [22]. Since there is evidence relating fatigue levels with modified movement biome-
chanics [23], introducing rest periods in FFT workouts could help reduce muscular fatigue
and avoid biomechanical alterations that could result in injury. Therefore, the objective of
the present study was to determine whether introducing rest intervals in a FFT workout
could reduce the variables rate of perceived exertion (RPE), blood lactate concentration,
heart rate (HR), and muscular fatigue compared to a standard “rounds for time (RFT)”
FFT with no preset rest intervals. Our hypothesis is that there will be a reduction in the
variables of RPE, HR, blood lactate concentration, and muscular fatigue in the FFT where
mandatory recovery times are introduced.

2. Materials and Methods
2.1. Study Design

Participants were assigned to execute two similar FFT workouts in a random order
separated by 1 week and conducted under the same ambient conditions, designated FFT-
standard and FFTadapted. Both workouts used the “round for time” (RFT) methodology
and consisted of the same sequence of exercises, which were completed in an all-out
manner in the shortest time possible without any time restriction, whilst one of them
(FFTadapted) had preset rest intervals (three sets of 1 min each). The study design was
crossover such that in a given session half the participants completed the standard and the
other half the adapted FFT protocol. No participants in the FFTstandard group coincided
at the gym with those completing the FFTadapted protocol and vice-versa (Figure 1). In
each FFT session, execution and data collection were done on an individual basis. Before
and after the FFT workouts, jump ability (via a Countermovement Jump (CM]) test) and
blood lactate concentrations were determined. Post-FFT, both heart rate (HR) and RPE
were measured.

STUDY DESIGN
Day 1 Day 2
In the morning In the morning
FFT Standard |---------| FFT Adapted
n=13 - T week n=13

In the afternoon In the afternoon

FFT Adapted FFT Standard
n=12 n=12

Figure 1. Study design.
2.2. Subjects

Participants were 25 healthy strength-trained subjects (22 men, 3 women) with
age, height, weight, and body mass index (BMI) of 27.42 £ 5.09 years, 75.51 £ 9.35 kg,
175.05 + 7.62 cm, and 24.54 + 1.55 kg-m?~!, respectively. Both FFT workouts were com-



Appl. Sci. 2021, 11,9731

4 of 14

pleted by each participant in a gym equipped for this training modality. Inclusion criteria:
(1) more than 18 months of strength training experience, (2) ability to correctly execute
a power clean (men, 50 kg; women, 35 kg), and (3) ability to complete at least 15 succes-
sive pull-ups. Exclusion criteria: (1) use of medications or performance-enhancing drugs,
(2) presence of cardiovascular, metabolic, neurologic, lung, or orthopedic disease, and
(3) being an elite athlete.

Before the study outset, participants were informed about the study design and
tests and exercises involved before obtaining their written informed consent. The study
protocol was approved by the University’s ethics committee according to the tenets of
the Helsinki declaration [24]. Once the informed consent form had been signed, subjects
were instructed to arrive at the gym for each FFT session without having consumed any
food or drinks containing alcohol, caffeine, or other stimulants in the previous 2 h. They
were also requested to refrain from any physical exercise in the 24 h before the workout
session. Sample size calculation was based on the results of a pilot study with the same
study protocol involving 10 sport science students. The calculation of sample size was
performed with o = 0.05 (5% chance of type I error) and 1—f3 = 0.80 (power 80%), and
also applying the results provided by previous studies which used the same or a smaller
sample size. A total of 25 strength-trained subjects was required for this study to detect
differences between both experimental conditions.

Participants completed the two FFT sessions (standard and adapted) in the same time
window (%2 h) and under the same ambient conditions (temperature between 18-20 °C).
The second FFT session was completed 1 week after the first. The week before both FFT
sessions, the participants did the same training, except the day before each FFT session that
they rested.

2.3. Functional Fitness Training (FFT) Workout

Each session started with a general warm-up consisting of 5 min of rowing at a
light-moderate intensity selected by each participant and 5 min of joint and stretching
movements. This was followed by a specific FFT warm-up consisting of 6 reps each of
burpees, box jumps, and bear crawls, 8 reps of slam ball (5-10 kg), 10 reps of in-and-out
agility ladder, and 10 reps of sit-ups with a medicine ball on the chest (5-10 kg).

Once the general and specific warm ups were completed, subjects executed the FFT-
standard and FFTadapted protocols in a random order (Figure 2). Both FFT workouts
consisted of a circuit of four rounds of exercises. The first two rounds were: 6 power cleans
(men, 50 kg; women, 35 kg), 10 slam balls (men, 20 kg; women, 15 kg), 14 wall ball shots
(men, 9 kg; women, 7 kg), 18 dumbbell push-presses (men, 20 kg; women, 10 kg), and a
200 m run. The next two rounds were: 6 pull ups, 10 bodyweight squats, 14 dumbbell
power snatches (men, 20 kg; women, 10 kg), 18 box jumps (men, 60 cm; women, 50 cm),
and a 100 m run. In FFTadapted, after each completed round, subjects rested for 1 min, i.e.,
3 x 1 min breaks in total. Rest intervals were 1 min and were timed by an observer using
a stopwatch between sets 1 and 2, sets 2 and 3, and sets 3 and 4 (Figure 2). The objective
was to ensure the recovery of the levels of phosphocreatine resynthesis to at least 70% of
reserves in the first 30 s (Tomlin & Wenger, 2001), as well as reducing cardiovascular stress
(heart rate (HR) decrease]. In addition, both FFT protocols were to be completed as quickly
as possible, according to the RFT methodology.

The exercises for the FFT workouts were based on the movement standards set by the
International Functional Fitness Federation (iF3) (https://functionalfitness.sport/sport/
movement-standards/ (accessed on 20 September 2021). This document describes the
exercises included in iF3-authorized events in 2020-2021 in an effort to standardize athletic
tasks. All exercises were performed as described in these movement standards. Two of the
investigators with FFT experience supervised each participant to ensure the exercises were
properly executed. Participants were energetically verbally encouraged during both FFTs.
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Figure 2. FFTstandard and FFTadapted.

2.4. Heart Rate

HR was monitored by telemetry (RS-800CX, Polar Electro OY; Kempele, Finland) to
record HR mean, before starting the warm up in a state of rest and just after completing
the exercise.

2.5. Blood Lactate

Blood samples (5 nL) were extracted through finger pricks before and 3 min after
the end of each FFT workout. Lactate concentrations were determined in a portable ana-
lyzer Lactate Pro LT-1710 (Arkray Factory Inc., KDK Corporation, Siga, Japan) previously
calibrated and validated [25,26].

2.6. Ratings of Perceived Exertion

RPE was recorded immediately after completing the workouts and at 3 min after FFT.
To assess RPE, subjects were asked to describe how hard their workout felt overall [27] by
grading their level of exertion on a Borg scale [28] from 6 to 20—from “very very light”
to “maximum exertion”. To do this, each participant was requested to indicate with their
finger, on a scale of size DIN-A3, how hard they found the workout. Participants were
instructed to avoid verbal descriptions and to just point directly to the appropriate place
on the scale with their finger.

2.7. Jump Ability

Jump ability was assessed via two CM]Js executed with 30 s of rest between jumps [29]
and mean values recorded for the following: jump height, maximum takeoff velocity
(representing the maximum takeoff velocity of the feet from the floor), maximum force
(representing the greatest force recorded during the jump), average power relative (rep-
resenting the mean power recorded in each CM] per kilogram of body weight), average
power total (representing the mean power recorded in each CM]J for the whole weight of
the subject), peak power relative (representing the highest power recorded in each CM] per
kilogram of body weight), and peak power total (representing the greatest power recorded
in each CM]J for the whole weight of the subject). These variables were measured during
the CM]J on a portable 92 x 92 x 12.5 cm force platform (Quattro Jump model 9290AD;
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Kistler Instruments, Winterthur, Switzerland). Jump height and power losses during an
exercise session have been defined as indicators of mechanical and neuromuscular fatigue
of the leg muscles [15]. Another variable recorded in this test was total CM] duration.
This was done by measuring the different vertical reaction forces during the CM]J (range
0-10 kN, sampling velocity 0.5 kHz) according to the method described by Maté-Mufioz
et al. (2017) [30]. Jump tests were performed by each participant before and 4 min after the
FFTstandard and FFTadapted workouts.

2.8. Statistical Analysis

The normal distribution of the data was first checked using the Shapiro-Wilk test.
A two-way ANOVA with repeated measures—protocols x measures (FFIstandard and
FFTadapted x Pre/Min 0 post-exercise and Post/Min 3 post-exercise)}—was conducted
to compare the effects of the two experimental conditions (FFIstandard and FFTadapted).
When appropriate, Greenhouse-Geisser probability levels were used to adjust for sphericity,
and Bonferroni adjustments were used to control for multiple post-hoc comparisons.

To detect differences between FFTs, the t test for related measures was used. All data
are expressed as means, standard deviations (SD), and their 95% confidence intervals (CI).
In addition, we determined the effect size, known as partial eta-squared (npz), which was
classified into trivial (np2 < 0.01), small (0.01 < npz < 0.06), moderate (0.06 < npz <0.14), or
large (np? > 0.14) [31], along with the statistical power (SP). Percentage improvements were
calculated using the following equation: post — pre/pre x 100. The level of significance
was set to p < 0.05. All statistical tests were performed using the package SPSS version 25.0
(SPSS, Chicago, IL, USA).

3. Results

All participants completed the protocols fully. Our results indicated no significant
differences in the time employed to complete the standard and adapted FFT workouts
(FFTstandard = 12.45 £ 2.97 min, FFTadapted = 12.89 + 2.45 min, p > 0.05), including three
sets of 1 min rest time and exercise time in FFTadapted. Neither were significant differences
detected between groups in HR (p > 0.05). Both mean HR values indicated high-intensity
exercise (FFIstandard = 172 £ 10 bpm, FFTadapted = 171 &+ 8 bpm), as both were 90% of
age-predicted HR during the workouts and above 95% at the end (FFTstandard = 182 +
8 bpm, FFTadapted = 181 £ 6 bpm) [32].

In the two-way repeated measures ANOVA (Table 1), significant differences in blood
lactate were detected for the factor Time, i.e., between time points (F(1,24) = 363.75, p = 0.000,
npz =0.938, SP = 1.000); the factor Group, i.e., between the two FFT groups (F(1,24) = 5.314,
p = 0.030, np2 = 0.181, SP = 0.600); and for the interaction Time x Group (F(1,24) = 7.769,
p =0.010, np2 =0.245, SP = 0.762). Using the Bonferroni adjustment to control for multiple
post-hoc comparisons for the blood lactate data indicated a significantly lower lactate level
(by more than 10%) post-exercise in FFTadapted (p = 0.015).

Heart rate showed differences only for Time (F(1,24) = 4270.025, p = 0.000, np2 =0.994,
SP = 1.000), and not for Group (F(1,24) = 0.032, p = 0.860, np2 =0.001, SP = 0.032) or Time X
Group (F(1,24) = 4.014, p = 0.057, np2 =0.143, SP = 0.485). RPE scores did differ significantly
for Time (F(1,24) = 87.377, p = 0.000, np% = 0.785, SP = 1.000), Group (F(1,24) = 8.254, p = 0.008,
np? = 0.256, SP = 0.787), and Time x Group (F(1,24) = 4.240, p = 0.051,1,,2 = 0.150, SP = 0.507).
Multiple post-hoc comparisons detected significant differences between protocols 3 min
after exercise (p = 0.003) (Table 1).

When we compared jump ability between the FFT workouts (Table 2), a significant
difference was observed in jump height for Time (F(1,24) = 22.010, p = 0.000, np? = 0.478,
SP = 0.994), but not Group (F(1,24) = 0.858, p = 0.363, np2 = 0.035, SP = 0.144) or Time
x Group (F(1,24) = 0.634, p = 0.434, np2 =0.026, SP = 0.119). Significant differences in
maximum takeoff velocity were also noted for Time (F(1,24) = 15.010, p = 0.001, np2 =(.385,
SP = 0.960), but not Group (F(1,24) = 0.951, p = 0.339, npz =0.038, SP = 0.155) or Time X
Group (F(1,24) = 1.593, p = 0.219, np2 = 0.062, SP = 0.228).
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Table 1. Cardiometabolic variables and perceived exertion recorded in the standard and adapted FFT workouts.

Pre-Exercise

Post-Exercise

. o 95% CI 95% CI . .
Variable Group (M + SD, 95% CI) (M £ SD, 95% CI) % Loss Post-FFT (Group) (Time) p Time p Group p Group X Time
1.1+06 15.1 £ 3.6
L FFTstandard 7.4-8. 1.1-1.4
(m;gf‘{e_l) standar (0.9-13) (13.6-16.6) ~103 89 <0.001 * 0.030 0.010
14+£05 13.5£39
FFTadapted (1.1-1.6) (12.0-15.0) 6.6-8.2 12.9-15.7
64+ 6 182 +£8
HR - —
o) FFTstandard (61-66) (179-185) ~06 1217125 62-66 <0.001 * 0.860 0.057
65+ 6 181+ 6
FFTadapted (63-67) (178-184) 121-125 179-184
. Min 0 post-ex Min 3 post-ex % loss Min 95% CI 95% CI . .
Variable Group M + SD M + SD 3-Min 0 (Group) (Time) p Time p Group p Group X Time
155 £ 1.8 126 £24
FFT: —18.7 13.3-14. 14.5-15.
RPE standard (14.7-16.2) (11.7-13.5) 8 33148 o159 <0.001 * 0.008 0.051
15.0£19 114+£21
FFTadapted (142-15.7) (105-12.3) —24 12.5-13.9 11.2-12.9

HR—heart rate; RPE Min 0 post-ex—rate of perceived exertion just after FFT; RPE Min 3 post-ex—rate of perceived exertion 3 min after FFT; bpm—beats per minute; FFT—functional fitness training; * denotes

significant difference between groups (p < 0.05). Data expressed as means (M) £ standard deviation (SD) and 95% confidence intervals (CI).
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Table 2. Jump ability-related variables recorded pre- and post-exercise in the standard and adapted FFT groups.

Variable Gro Pre-Exercise Post-Exercise % Loss 95% CI 95% CI Time Gro Group x Time
up (M =+ SD, 95% CI) (M =+ SD, 95% CI) Post-Pre (Group) (Time) p p Group p Lroup
289 + 8.4 71+76
Jump height (cm) FFIstandard (25.9-31.9) (24.2-29.9) —68 24.7-312 26.2-32.1 <0.001 * 0.363 0.434
294+65 281+65
FFTadapted (odre (a5 310 _45 261-31.4 248-30.4
26+03 25403
Vmax (m-s~1) FFTstandard 2.427) (2.4-2.6) —24 24-26 2527 <0.001 * 0.339 0.219
26403 25+03
FFTadapted s o “16 2427 2426
18425 + 265.4 1855.2 + 272.0
Fmax (Newtons) FFTstandard (1748.7-1936.3) (1760.4-1950.0) 07 1740.6-1957.0 1808.3-1934.7 0.850 0.501 0.510
1900.4 + 195.7 18942 + 192.8
FFTadapted (1806 71908 (1766.4.1959.0) —03 1819.9-1974.7 1814.6-1934.8
268+ 4.7 257 +49
(waiggg,l) FFTstandard (25.0-28.5) (23.9-27.5) —40 2430282 2577291 <0.001 * 0.047 0.769
28.0 + 4.0 271 +40
FFTadapted (62.298) (53.289) 33 25.9 t0.29.2 247281
2036.8 + 449.4 1958.6 + 464.8
( ‘/;:JS) FFTstandard (50722009 (17808219 ) _38 1810.8-2184.6 1905.0-2222.4 0001+ 0516 0706
2090.6 + 3732 2022.0 + 369.1
FFTadapted Gopt s armem (1853.2.21908) 33 1904.7-2207.9 1828.4-2152.2
491+83 484+ 86
PPR =Y 3-50. 3-53.
T FFTstandard o1 st 15 45.3-52.2 473-53.1 0008 0,055 053
512+ 6.7 503+ 7.1
FFTadapted (1550 72585 ~18 48.0-53.6 463-524
37347 + 7819 3686.2 + 831.5
( ‘E:gs) FFTstandard i s 10055 (250639916 ~13 3380.7-4040.1 3501.0-4063.3 005 0353 -
3829.6 + 659.5 37620 + 679.6
FFTadapted (s ra1208) A _18 3521.6-4070.0 3425.2-4023.0
. 0.779 + 0.13 0.756 + 0.12
Total CNE]S )duratlon FFTstandard 07500829 70805808 _30 0.719-0.817 0.710-0.780 0318 0001 o146
0711 + 012 0.713 + 0.12
FFTadapted Oe61-0760 e 03 0.664-0.759 0.696-0.773

Vmax—maximum takeoff velocity; Fmax—maximum force; APR—average power relative; APT—average power total; PPR—peak power relative (PPR); PPT—peak power total; FFT—functional fitness training;
* denotes significant difference pre-exercise vs. post-exercise (p < 0.05). Data expressed as means (M) =+ standard deviation (SD) and 95% confidence intervals (CI).
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Significant differences in average power relative were observed for Time (F(1,24) = 27.299,
p = 0.000, np2 = 0.532, SP = 0.999) and Group (F(1,24) = 4.373, p = 0.047, np2 = 0.154,
SP = 0.519), but not Time x Group (F(1,24) = 0.088, p = 0.769, np2 = 0.004, SP = 0.059).

The same was observed for average power total and peak power relative, with
differences observed for Time (F(1,24) = 24.718, p = 0.000, np2 = 0.507, SP = 0.997 and
F(1,24) =4.809, p=0.038, np2 =0.167, SP = 0.558, respectively), but not Group (F(1,24) =1.051,
p = 0.316, np2 =0.042, SP = 0.166 and F(1,24) = 4.056, p = 0.055, npz = 0.145, SP = 0.489,
respectively) or Time x Group (F(1,24) = 0.068, p = 0.796, npz = 0.003, SP = 0.057 and
F(1,24) = 0.045, p = 0.835, np2 =0.002, SP = 0.055, respectively).

In contrast, no significant differences were observed in maximal strength, peak power
total, or total jump duration for Time (F(1,24) = 0.036, p = 0.850, np2 = 0.002, SP = 0.054;
F(1,24) = 3.928, p = 0.059, npz =0.0141, SP = 0.477; and F(1,24) = 1.038, p = 0.318, npz =0.041,
SP = 0.165, respectively), Group (F(1,24) = 0.468, p = 0.501, np2 = 0.019, SP = 0.101;
F(1,24) = 0.896, p = 0.353, np? = 0.036, SP = 0.149; and F(1,24) = 3.102, p = 0.091, np% = 0.114,
SP = 0.394, respectively), or Time x Group (F(1,24) = 0.447, p = 0.510, np? = 0.018, SP = 0.098;
F(1,24) =0.117, p = 0.736, np2 =0.005, SP = 0.062; and F(1,24) = 2.256, p = 0.146, np2 =0.086,
SP = 0.303, respectively).

4. Discussion

In this study, we compared a standard FFT workout with RFT methodology and one
including the same exercises in which subjects rested for 1 min after each round (three
breaks in total). In both protocols, exercise repetitions had no time limit; rather, each
individual conducted all exercises as quickly as possible but at a pace set by themselves.

Having analyzed all the data obtained, our study’s most significant findings were as
follows: (1) cardiorespiratory intensities of both FFT protocols measured just after their
completion were both above 95% age-predicted HR and no significant differences were
observed in RPE post-exercise (~15-15.5), which was considered “hard”; (2) similar mean
HR, equivalent to 90% age-predicted HR, and similar workout durations (~13 min) were
observed in the standard and adapted FFT groups; (3) jump ability post-exercise was
significantly reduced in both FFT groups; (4) at 3 min post-exercise, blood lactate levels
were high in both FFTs (>13 mmol-L~!), although these levels were significantly lower
in FFTadapted; and (5) RPE 3 min after the end of each FFT workout was “moderate”,
although significantly reduced in FFTadapted.

In addition, no differences were observed in any of the CMJ jump variables between
the two groups. Considering the CM] test quantifies neuromuscular fatigue through several
mechanical variables [33,34], we could argue that both protocols lead to a lowered capacity
of the muscles to generate strength regardless of rest intervals. It is likely that the intensity
of effort and duration of each workout will give rise to structural damage in tendons,
compromising jump capacity [30,35-37] and leading to a feeling of fatigue and impaired
muscle response in the individual. These jump test data are in agreement with those
reported in the literature. In our FFTstandard group, a significant reduction of 6.8% in jump
height was observed, which is similar to the findings of a FFT study after two workouts
of the day (WODs)—“Cindy” (—6.5%) and “Power clean” (—7.4%) [30]. In contrast, in
the metabolic conditioning WOD (8 sets x 20 skip rope double-unders/10 s rest), jump
height loss was only —3.6% [30]. Given the rest intervals established between exercise
sets, these data could resemble those observed in our FFTadapted protocol (—4.5%), and
effectively, height losses were lower than those of the other FFT WODs. Maximum takeoff
velocity losses were —2.4% in FFTstandard and —1.6% in FFTadapted. These losses in
the standard FFT are similar to those of the Cindy and power clean (—2.7% and —3.1%,
respectively) WODs of the study by Maté-Mufioz et al. (2017) [30], and our adapted FFT
losses are similar to that of the skip rope double-unders WOD (—1.2%). For average power,
we recorded a value of —4% for FFTstandard, which is similar to that of the Cindy WOD
(~—4%), although there was a greater jump height loss in the power clean WOD (—7.35%).
In the FFTadapted group, average power loss was —3.3%, which is slightly higher than
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that reported for the skip rope double-unders WOD with rest intervals (~—2%). In another
study in which jump ability was examined in the FFT WODs Cindy, power clean, and
skip rope double-unders [38], similar results were obtained to those observed here and
those of [30], with the exception of mean velocity in the Cindy WOD (—13.8%) and average
power in the power clean WOD (~—8%). Accordingly, given the differences between the
FFT exercise protocols and FFT WODs along with their durations, jump capacity losses
were similar.

If we examine mean HRs recorded across all FFT WODs—178 bpm (92.5% HRmax)
for Cindy and double-unders and 172 bpm (89% HRmax) for power clean, these were
all around or above 90% age-predicted HR [38], and reported blood lactate levels were
10-12 mmol-L~1 [30,38]. In another study, Fernandez-Fernandez et al. (2015) [39] reported
an HRs of 182 bpm (97% HRmax) and blood lactate concentrations of 14.5 mmol-L~ L.
Another recent study by Toledo et al. (2021) [40] documented mean HR values in two
different types of WODs (RFT and AMRAP) of 91.7% and 91.4% HRmax, respectively,
and blood lactate concentrations greater than 14 mmol-L~!. This means that our FFT
results were similar in terms of the mean HR of participants (~90% age-predicted HR), and
blood lactate levels were slightly higher (13.5-15 mmol-L~!). These blood lactate values
are considered very high for this type of population, indicating a high anaerobic output
and representing an important physiological indicator to determine the best FFT training
schedule [40]. Hence, beyond an intensity of 90% age-predicted heart rate sustained over
time in this type of FFT protocol characterized by being multimodal and eliciting blood
lactate levels above 10 mmol-L~!, it seems that jump loss values coincide. Furthermore, it
seems that having set rest intervals in FFT and FFT workouts, regardless of their length
(1 min or 10 s, respectively), reduces jump capacity loss in a similar way, as reflected in
different studies, although with no statistical significance. Perhaps another way of looking
at this is that in both studies, the work-rest ratio for planned exercise is similar and gives
rise to similar effects in terms of jump height loss. In addition, both the standard and
adapted FFT workouts gave rise to a similar jump capacity reduction, which coincided
with significant reduced perceived exertion 3 min after completing the workouts (~—19%
FFTstandard, ~—24% FFTadapted).

The lower RPE observed in FFTadapted compared to FFTstandard (11.4 + 2.1 vs.
12.6 + 2.4, respectively) could mean the individual perceives a lower effort, as while
neither the final HR nor mean HR were significantly affected, the latter was significantly
lower in the rest periods. Several studies that have analyzed HR recovery during HIIT
have shown HR decreases of ~30 bpm [41] and between 39 and 57 bpm [42].

Three minutes after the workouts, blood lactate levels were lower by 1.6 mmol-L~1
(~11%) in FFTadapted. The 11% lower blood lactate recorded in FFTadapted could evoke
a reduced feeling of exertion at the general body level. In both our FFTs, blood lactate
concentrations were elevated (>13 mmol-L~!). This is likely the outcome of impaired
muscle performance after the two FFT protocols, as the buildup of lactate in the blood or
muscle is a suitable indirect marker of intramuscular acidosis [43], which hinders muscle
contraction and metabolic processes [44] (Cairns, 2006). However, we detected significantly
higher lactate values in FFTstandard (~11%), possibly because of a greater degree of effort
and muscular fatigue. This greater effort could be explained by a lack of recovery of energy
systems owing to the lack of preset rest periods.

As both FFTs were similar in their duration and number of repetitions of each exercise,
and had the same absolute load (kg), this means any differences observed could likely be
explained by the different rest intervals and velocity at which repetitions were executed.
When participants completed FFTstandard, their objective was to do this in the shortest
time possible (rounds for time approach). This approach, used in many FFT protocols,
allows subjects to self-regulate their energy expenditure to complete the exercise as quickly
as possible. This means that the individual will set the work pace and decide whether or
not to take breaks and thus dosify their efforts. Accordingly, the number of breaks taken
and time rested varied widely in our FFTstandard group. With the objective to maintain
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the ecological validity of the study, we opted for the RFT approach to FFTstandard, as
commonly used in many fitness centers around the world. Thus, we were able to observe
that many participants did not take breaks, or took minimal breaks (a few seconds) between
repetitions. Several studies have shown that for a given absolute load (kg), subjects can
show different velocities, meaning that this load can represent a different relative intensity
(%) depending on the velocity reached by each subject in each exercise [13-16]. Thus,
it could be that when the participants executed FFTstandard, because of the scarce rest
intervals taken, execution velocities were reduced. This gives rise to a greater extent of
fatigue, making the subject apply less force (N) on that load and thereby reducing the net
force value. However, subjects taking three 1 min breaks could attain greater execution
velocities with the same load, reducing fatigue and allowing the recovery of neuromuscular
capacity to apply more force, and were thus able to complete the same number of repetitions
in less time. This would be due to the recovery of over 70% of phosphocreatine levels in
each minute of rest [21]), thereby reducing metabolic acidosis due to a lower glycolytic
rate. This reasoning is what probably led to significantly reduced blood lactate levels when
completing FFTadapted (FFTadapted = 13.5, FFTstandard = 15 mmol-L~!). In this way, the
duration of FFTadapted could be similar to that of FFTstandard.

According to these findings, we would have to ask ourselves whether executing a FFT
without controlling rest interval duration really has any benefits, or whether the greater
effort and fatigue could modify the biomechanics of movement leading to injury [23]. Many
of the FFT exercises are technically demanding, generating tension and overloading of the
shoulder and lumbar region [22]. In the present study, the durations of both FFTs were
almost identical, meaning that the velocity of exercise execution was faster in FFTadapted.
This indicates that exercises such as the power clean or snatch, which require high power
levels [45], are probably executed with greater technical efficacy. Hence, the introduction of
pre-established, controlled rest intervals could be recommended to guarantee an adequate
intensity level, less fatigue during exercise performance, and reduced risk of injury. High
blood lactate levels (>16 mmol-L~!) [28,46] have been described after completing FFT
workouts, which has been linked to situations of extreme fatigue. Many studies have
identified situations of rhabdomyolysis related to this type of high-intensity effort [47-49].
Hence, it is likely that all-out training through FFT tactics such as AMRAP, RFT, or EMON
(every minute on the minute) could have adverse health impacts [11]. In a recent study,
Alsamir Tibana et al. (2019) [46] tried to determine whether self-regulation of training
intensity based on RPE is a reliable method to control work intensity during metabolic
conditioning sessions of FFT. To this end, a session was completed based on AMRAP under
two different conditions: (1) all-out or (2) self-regulation of intensity based on an RPE of 6
(hard) on the Borg CR-scale. Their findings indicated significantly reduced RPE and blood
lactate levels at all time points when exercise intensity was self-regulated [46]. More work
is needed to address the impacts of incorporating pre-established recovery times in these
types of methods (RFT, AMRAP, EMON) to ensure an adequate balance between intensity
and fatigue that will reduce the risk of injury. Furthermore, to address a limitation of this
work, it would be interesting to be able to measure systolic and diastolic blood pressure
before and after the FFT session in this type of study. In addition, due to the high intensity
of exercise in this type of FFT session, an exercise tolerance test to rule out cardiovascular
abnormalities and a previous blood profile of each participant would be interesting to
perform to properly categorize the sample.

5. Conclusions

With both FFT protocols, high cardiorespiratory intensity (above 95% age-predicted
HR) and RPE (~15-15.5) levels were reached just after exercise, with a significant reduction
in RPE 3 min after exercise, while there were no significant differences in HR. The durations
of both FFTs were practically the same, even though FFTadapted had three preset 1-
min breaks. Accordingly, it could be that the effort needed for FFTstandard was greater,
which is consistent with the significantly higher blood lactate concentration observed
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compared with FFTadapted. However, while no significant differences in muscle fatigue
were observed between the two FFTs, likely because this variable was measured using
mechanical variables, a lower % jump capacity loss was observed for FFTadapted.
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