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Abstract: Background: the aim of this study was to analyse muscle fatigue and metabolic stress at
15 min of recovery after performing two independent sessions of functional fitness training (FFT): a
session of strength functional fitness training (FFTstrength) and a session of endurance functional
fitness training (FFTendurance). Methods: eighteen well-trained men conducted two protocols,
separated by one week of rest: FFTstrength (3 sets of 21, 15 and 9 repetitions of Thruster with bar + Pull
ups) and FFTendurance (3 sets x (30 kcal rowing + 15 kcal assault air bike)). Neuromuscular fatigue
and metabolic stress were measured right before, right after and at 10 and 15 min after completing the
FFT workout, as well as the mean heart rate (HRmean) and the rating of perceived exertion (RPE) at
the end of the FFT. Results: FFTendurance recovered the velocity loss values after 15 min of recovery.
On the other hand, FFTstrength only recovered velocity in the 1 m-s~! Tests in squat (SQ), since
the velocity levels were 7% lower in the 1 m-s~! Tests in military press exercise (MP) after 15 min.
Conclusions: These data indicate that there are specific recovery patterns not only as a function of
the exercise and the body regions involved, but also regarding the recovery of neuromuscular and
metabolic factors, since both FFT workouts obtained high blood lactate concentrations.

Keywords: sport performance; high intensity functional training; fatigue; strength; velocity; load;
Crossfit; training; human performance

1. Introduction

High-intensity functional training, also known as Functional Fitness training (FFT),
is a training modality based on different exercises of muscular strengthening executed in
different movement planes (FFTstrength), such as Olympic and power lifting, calisthenic,
plyometric and gymnastic exercises, and on intervallic exercises of aerobic training (FF-
Tendurance), such as running, rowing, cycling, rope jumping, etc. [1,2]. FFT workouts are
performed in circuits at high intensity, with the aim of completing a certain predetermined
number of repetitions in the shortest time possible (“rounds for time” or “RFI”) or com-
pleting as many repetitions of a set of exercises as possible within a certain pre-set time
(“as many rounds as possible” or “AMRAP”) [3,4]. Crossfit® is a type of FFT [5,6].

The physiological responses of this training modality have been analysed in different
studies, showing high values of heart rate (HR) (90-95% HRmax), rating of perceived
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exertion (RPE) (RPE values > 8/10, RPE values > 15/20) and blood lactate concentration
(>10 mmol-L~1) [2,7-9]. Moreover, acute cardiovascular responses do not vary among
“workouts of the day” (WOD) based on the two most used training structures: RFT vs.
AMRAP (10). However, significantly higher blood lactate levels have been reported using
the RFT methodology right at the end and 30 min after the exercise, indicating different
metabolic demands [10]. Due to this high intensity, high levels of muscle fatigue have
also been detected [loss of jump height in countermovement jump (CM]) > 6.5%] right
after completing Crossfit® WOD [8,9]. Some case studies have documented that certain
people who carried out Crossfit® for several consecutive days had health complications
due to muscle damage [11-13]. Other studies have also explored the recovery of biochemi-
cal parameters (hepatic transaminases, blood glucose and creatine phosphokinase) after
performing a Crossfit® session, showing that all of these parameters returned to baseline
levels at 48 h after presenting a significant increase produced by the completion of the
WODs [14]. In this line, Tibana et al. (2016) [15] analysed the effects of two consecutive
Crossfit® sessions (separated by 24 h) on cytokines interleukin 6 (IL-6) and interleukin 10
(IL-10) and muscle power, reporting a decrease of IL-10 after the two consecutive Crossfit
sessions. This suggests that it may be necessary to incorporate sessions of lower intensity,
or rest days between sessions [15].

The interest in knowing the recovery times after an exercise session, leads us to ask the
following question: how long does it take to recover pre-exercise values after a FFT workout
in the same day? In this regard, Garcia-Ferndndez et al. (2021) [2] analysed muscle recovery
up to 20 min after conducting a single FFT workout in trained adults. Their results showed
a significant decrease in jumping capacity until minute 10 after FFT workout. However,
after 20 min of recovery, the values began to recover without reaching the baseline levels [2].
However, they did not find the exact point where the values start to recover, which could
be slightly above 10 min, at the midpoint (between 10 and 20 min) and slightly below
20 min. To be able to calculate that point where recovery begins more accurately, it would
be possible to determine an approximate rest to face another FFT workout with a recovery
that guarantees the lowest residual fatigue and deterioration of the performance capacity,
since muscle fatigue could reduce the exercise execution velocity, thereby altering the
correct biomechanics and increasing the risk of injury [16]. Nevertheless, although the
quantification of muscle fatigue in the study of Garcia-Fernandez et al. (2021) [2] was
measured through the widely used method of countermovement jump (CM]), this method
only assesses the mechanical variables related to the lower limbs, and it does not gather
information about muscle fatigue in the upper limbs. Since the entire body is used in the
FFT workouts, it is important to be able to measure muscle fatigue in the whole body, using,
for example, the changes of velocity with respect to 1 m-s~! of the mean propulsive velocity
(MPV) [17].

Therefore, the aim of this study was to analyse muscle fatigue and metabolic stress
at 15 min of recovery after performing two independent sessions of FFT: one session of
strength training (FFTstrength) and one session of endurance training (FFTendurance).

2. Materials and Methods
2.1. Study Design

This was a crossover study in which two different FFT protocols were performed,
separated by one week. One session was carried out with strength exercises (FFTstrength)
and the other with endurance exercises (FFTendurance). Neuromuscular fatigue and
metabolic stress were measured before and at three time points after the FFT, as well as
mean and final heart rate and rate of perceived exertion (RPE) at the end of the FFTs.
All tests were conducted in the cross-training gym, where Ruster® calibrated material is
available. In session 1 (day 1), half of the participants completed either the FFTstrength
or the FFTendurance. The following week, subjects did the session they did not complete
on the first day (day 2). No participants in the FFTstrength coincided at the gym with
those completing the FFTendurance and vice-versa (Figure 1). The FFTstrength and the
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FFTendurance were performed one week later, on the same day of the week. Participants
performed the FFT workouts within the same timeframe (42 h) (morning or afternoon), in
order to control for the effects of the circadian rhythm [18], and under the same conditions
of temperature (24-26 °C), atmospheric pressure (1011-1020 hPa) and humidity (60-80%).

Figure 1. Study design.

2.2. Participants

Eighteen healthy strength-trained men (with age, height, weight, body mass in-
dex (BMI) and body fat (%) of 24.22 £ 2.73 years, 76.43 + 8.22 kg, 176.06 & 4.49 cm,
2455 4 2.21 kg/m?, and 13.62% =+ 3.27, respectively) participated in the study. A body
composition analyser was used to determine body weight and estimate body fat percentage
(Tanita BC-601, Tanita Corp., Tokyo, Japan). The sample size calculation was done with
o = 0.05 (5% chance of type I error) and 1 — 3 = 0.75 (power 75%), applying the results
of previous studies, in which the sample size was the equal or smaller. The calculated
sample size was 16 strength-trained subjects. The subjects were instructed not to take psy-
chotropic substances and/or narcotic, performance-enhancing drugs, nutrient supplements
or stimulants. Furthermore, exclusion criteria were cardiovascular, metabolic, lung and
neurological diseases or any orthopaedic limitation that may restrict their performance or
the correct execution of the training exercises. No elite athletes participated.

Subjects signed the informed consent form after being informed about the study
design. The study protocol was approved by the University’s ethics committee according
to the tenets of the Helsinki declaration [19]. The participants were encouraged to perform
their usual training the week before both FFT protocols, except the day before each FFT
protocol, when they were requested to rest. In addition, they were instructed not to
consume any food or drink containing alcohol, caffeine or other stimulants within 2 h prior
to the execution of the FFT protocols.

2.3. Functional Fitness Training

Two strength exercises were used in the FFT strength session (FFTstrength): (1) thruster
with bar, and (2) pull ups using the butterfly technique. In the thruster exercise, the subject
moves an object in one fluid motion from ground to shoulders while squatting below
parallel. The thruster is a combined movement that consists of a front squat (the subject,
holding weight in front of his/her shoulders, squats down below parallel and returns to
standing) and a push press (the subject moves the weight from his/her shoulders over
his/her head; the subject is allowed to dip and drive the object with his/her legs). The
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thruster starts with the bar on the shoulders. The bar shall be brought to the shoulders
with a power clean. In order to correctly perform the pull ups, it was mandatory to put
the chin over the bar. In this study, the bar weighed 35 kg. One of the evaluators checked
that the execution of this exercise was correct, shouting “not correct” when the execution
was wrong, in which case the repetition was repeated. Three sets of each exercise were
alternated, performing 21 repetitions in set 1, 15 repetitions in set 2 and 9 repetitions in
set 3. The complete sequence was: (21 thrusters + 21 pull ups, 15 thrusters + 15 pull ups,
9 thrusters + 9 pull ups) (Figure 2).

Figure 2. FFT = functional fitness training; MPV = Mean propulsive velocity; Min = minutes;
HR = Heart rate; RPE = Rate of perceived exertion.

For the FFT endurance session (FFTendurance), two exercises were performed: (1) row-
ing and (2) cross training bike (assault bike). The exercises were alternated, performing
3 sets to complete 30 kilocalories (kcal) in rowing and 3 sets of 15 kcal in assault air bike.
The complete sequence was: 3 x (30 kcal rowing + 15 kcal assault air bike). The rowing
machine used was Concept 2® D PM5 (Concept2, Inc., Morrisville, VI, USA) and the
cross-training bike used was Assault AirBike (Assault Fitness, Carlsbad, CA, USA).

The “rounds for time” (RFT) methodology was used for both workouts and consisted
of performing the same sequence of exercises in an all-out manner in the shortest time
possible without restrictions. The exercises for the workouts were performed on the
movement standards defined by the International Functional Fitness Federation (iF3)
published in January 2022. (https://functionalfitness.sport/sport/movement-standards/)
(accessed on 31 May 2022).

A familiarisation period of exercises was performed the week before the tests, sep-
arated by 2 days (Figure 2). In addition, prior to each FFT protocol, the participants
performed a warm-up of 5 min of cardiovascular work, 5 min of joint mobility, ballistic
stretching and strength exercises.

2.4. Mechanical Measurements of Fatigue

To evaluate the fatigue generated by the FFTs protocols, the percent change between
pre-post exercises was used with an individual load that could be lifted at ~1 m-s~! of the
MVP (MPV at 1 m-s~! Tests) in a military press exercise (MP) and in a squat (5Q). To obtain
the individual load at 1 m-s~!, weights were lifted until this velocity was reached. The
subjects initiated with the barbell (20 kg) and progressively increased the weight by 5 kg,
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completing 3 repetitions with each load, resting 3 min between loads. Sanchez Medina
and Gonzalez-Badillo (2011) [17] chose the value of 1 m-s~! because it is a sufficiently
high velocity, which is attained against medium loads (45-50% 1RM in MP and ~60%
1RM in SQ), and it allows a robust expression of the effect of loading on velocity, as well
as being a relatively easy-to-move and well-tolerated load. The mean MPV of the three
repetitions before exercise was contrasted with the mean MPV of the three post exercise
repetitions [17]. All repetitions were carried out at maximum velocity. The MPV at 1 m-s~!
Squat and Military Press Tests was assessed (bar velocity values during the propulsive
phase, defined as the portion of the concentric phase during which bar acceleration is
>9.81 m-s~2). Loss of MPV at 1 m-s~! Squat and Military Press Tests were calculated as
percentage (%) between pre-exercise and post-exercise (min 0, min 10, min 15).

A Smith machine (Multipower) (Matrix, Chacara Alvorada, Brazil) was used in the
MPV at 1 m-s~! Tests. In this set up, both ends of the barbell are fixed, allowing only for the
vertical movement of the bar. In order to estimate the execution velocity of each repetition
in different tests, a previously validated isoinertial dynamometer was used (Speed4LifTM,
Madrid, Spain) [20]. This isoinertial dynamometer consists of a cable-extension linear
position transducer attached to the bar. Data were directly recorded by the differentiation
of the displacement data with respect to time at a sampling rate of 1000 Hz via Wi-Fi
connection to an Android smartphone using the Speed4Lift application v.4.1. The cable
was vertically attached to one side of the bar by means of a Velcro strip.

2.5. Blood Lactate Concentrations

Before and after the FFT protocol (Min 3 post-exercise/Min 10 post-exercise/Min
15 post-exercise), blood lactate samples (5 pL) were obtained from the fingertip. A pre-
calibrated and validated portable analyser, Lactate Pro 2 LT-1710 (Arkray Factory Inc., KDK
Corporation, Shiga, Japan), was used to determine blood lactate concentrations [21,22].

2.6. Ratings of Perceived Exertion

RPE was obtained just after finishing the FFT protocols by asking participants to
describe the hardness of their overall training [23], by grading their level of exertion on a
Borg scale CB-10 from 0 to 10—from “very light” to “maximum exertion”. Each subject
indicated with their finger, on a scale of size DIN-A3, how hard the FFT workout was for
them. The subjects were trained to avoid verbal descriptions and to just point directly at
the scale with their finger.

2.7. Heart Rate

Mean HR during FFT protocols and HR right after completing the exercise were
calculated by telemetry (RS-800CX, Polar Electro OY; Kempele, Finland).

2.8. Statistical Analysis

The Shapiro-Wilk test was used to check the normality of the data. A two-way
ANOVA with repeated measures—protocols x measures (FFTstrength and FFTendurance
x pre-exercise/Min 0 post-exercise/Min 10 post-exercise/Min 15 post-exercise)—was
performed to compare the effects of the two experimental conditions (FFTstrength and
FFTendurance). Greenhouse-Geisser probability levels were used to check for sphericity,
and Bonferroni adjustments were employed to control for multiple post-hoc comparisons.
Linear regressions were applied to establish the relationships between loss of velocity values
and blood lactate. To detect differences in heart rate and RPE between FFTs, Student’s
t test for related measures was applied. All data were expressed as means and standard
deviations (SD), with 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 (np2 > 0.14) [24], along with the
statistical power (SP). The percentage of loss of velocity was calculated using the following
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equation: post—pre/pre x 100. The level of significance was set at p < 0.05. All statistical
tests were performed using the package SPSS version 25.0 (SPSS, Chicago, IL, USA).

3. Results

Table 1 shows the descriptive data for FFT times and MVP at 1 m-s~! Squat and
Military Press test.

Table 1. Descriptive analysis of FFT times and MVP at 1 m-s~! Squat and Military Press Test of the

18 study participants.
Variable (M + SD)
Time FFTstrength (s) 291 + 110
Time FFTendurance (s) 496 £+ 62
MVP at1m-s~! Squat Test Load (kg) 55.39 + 10.51
MVP at 1 m-s~! Military Press Test Load (kg) 3422 £7.46

FFT = functional fitness training; s = seconds, M £ SD = mean = standard deviation.

For the mean heart rate and subjective perception of effort, significant differences were
detected between groups (t = 2.554, p = 0.015, t = 2.752, p = 0.009, respectively), whereas,
for final heart rate, no significant differences were found (f = 0.571, p = 0.572) (Figure 3).

Figure 3. Comparison between FFTs for the variables Heart Rate average (A), Heart Rate final (B),
and Rate of Perceived Exertion (C); bpm = beats per minute; * = significant difference (p < 0.05).

For MVP at 1 m-s~! Squat Test, MVP at 1 m-s~! Military Press Test and blood lactate,
significant differences were identified in time (p < 0.01) between the FFT protocols (p < 0.01)
and the time x FFT protocols interaction (p < 0.01) (Table 2). For MVP at 1 m-s ! Squat
Test, in the pairwise comparison, a significantly lower velocity was observed in Min 0
post-exercise only for FFTstrength (p = 0.002), and in Min 0 post-exercise with respect to
Min 10 post-exercise and Min 15 min post-exercise in both FFTs (FFIstrength, p = 0.046
and p = 0.015; FFTendurance, p = 0.004 and p = 0.039, respectively). However, for MVP at
1 m-s~! Military Press Test, FFTstrength showed significant differences in the pre-exercise
and in Min 0 post-exercise with the rest of the time points (p < 0.01), whereas FFTendurance
presented statistical significance in the pre-exercise with Min 0 post-exercise (p = 0.011)
and in Min 15 post-exercise with Min 0 post-exercise (p = 0.013) and Min 10 post-exercise
(p = 0.023). For the blood lactate concentrations, differences were observed among all
pre- and post-exercise measurements (p < 0.01), whereas, for the FFT protocols, significant
differences were found in the three post-exercise measurements (p < 0.01) (Table 2)
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Table 2. Analysis of the variable velocity and blood lactate before and after performing the strength
and endurance FFT protocols.

Post-Exercise Post-Exercise p Time p Group p Time X Group
Variabl FFT Grou Pre-Exercise Post-Exercise 0 min 10 min 15 min 2 2 2
ariable P (M £ SD, 95% CI) (M £ SD, 95% CD (M = SD, 95% (M = SD, 95% np np np
CI CI) sp Sp sp
1.01 +0.04 & 0.92 £ 0.09 £ 0.96 = 0.08 £ 0.97 +0.07 £ . . .
MYPat lms™l Strength (0.99-1.03) (0.88-0.96) (0.93-0.99) (0.95-1,00) 000 oz 0.0
1.01 + 0.03 0.97 = 0.07 # 1.00 = 0.06 1.01 + 0.04 - Y -
ms—1) Endurance (0.99-1.03) (0.93-1.01) (0.97-1.03) (0.98-1.04) 0.964 0917 0.849
1.00 £ 0.04 + 082+ 01£+1 0.89 £ 0.07 £ 0.93 = 0.08 £
1 Strength 0.001 * 0.001 * <0.001 *
Miltary Prese Test o 1005 002 & 0542008 696 004 095 % 003 oots Tz 0456
(ms1) Endurance (0.99-1.02) (0.90-0.98) (0.94-0.99) (0.95-1.01) 1.000 1.000 1.000
. X . Post-exercise Post-exercise p Time p Group p Time X Group
vt mreow oS WIS Grh, Srn,
95% CI) 95% CI) sP SP sp
168+ 031 1785+ 1.28£ 1 1582+ 200 £+ 13.76 + 2.05 £ . . .
Blood lactafe Strength (1.55-1.82) (17.15-18.55) (14.92-16.72) (12.86-14.65) <00 <o e
(mmol-L.=5) End 157+ 0244 16.68 + 163 + 1477 + 174+ 1255 + 1.6 oo e 0
ndurance (1.44-1.71) (15.98-17.38) (13.87-15.67) (11.66-13.44) : : -
MVP = Mean propulsive velocity; FFT = Functional fitness training; min = minutes. M = mean + SD = standard
deviation; CI = confidence intervals; n,2 = partial eta-squared; SP = statistical power. * = significant difference
(p < 0.05). £ = significant difference between FFTs (p < 0.05). t = significant difference between all exercise times
(p < 0.05). & = significant difference between pre-exercise and post-exercise at 0 min. #= significant difference
between post-exercise at 0 min, post-exercise at 10 min and post-exercise at 15 min (p < 0.05). $ = significant
difference between post-exercise at 15 min, post-exercise at 0 min and post-exercise at 10 min (p < 0.05).
The percentage of loss of velocity in MVP at 1 m-s~! Test is shown in Table 3. As can
be observed in the squat test, for FFTstrength, the loss of velocity in the post-exercise at
0 min was 8.9%, whereas, in the post-exercise at 15 min, the loss of velocity was almost
4%. Nevertheless, this variable, for FFTendurance, did not exceed 4% at the end of the
exercise (post 0 min), recovering the pre-exercise values after 15 min of rest. In the Military
Press Test, the loss of velocity was greater in FFTstrength right after completing the exercise
(—18%), remaining at —7% after resting for 15 min. However, in FFTendurance, there
was only a loss of 6% at the end of the exercise, practically recovering the values after
15 min of rest (—2%). The values of blood lactate were similar in both FFT protocols,
maintaining a high metabolic stress after resting for 15 min (FFTstrength = 13.76 mmol-L~;
FFTendurance = 12.55 mmol-L™1).
Table 3. Analysis of the variable velocity and blood lactate before and after performing the strength
and endurance FFT protocols.
Variable FFT Post 0 min-Pre Post 10 min-Pre Post 15 min-Pre
% Loss of MVP at 1 m-s_l Strength —8.91 —4.95 —-3.96
Squat Test (%) Endurance —-3.96 -1 0
% Loss of MVP at 1 m-s ! Strength —18 =11 =7
Military Press Test (%) Endurance —6 —4 -2
Post 10 min—-Post 3 min  Post 15 min-Post 3 min Post 15 min-Post 10 min
Strength —11.37 —2291 —13.02
0,
Blood lactate(%) Endurance ~11.45 ~2476 ~15.03

MVP = Mean propulsive velocity; FFT = Functional fitness training; min = minutes.

There was no correlation between the loss of velocity in MPV at 1 m-s~! and blood
lactate concentrations in the Squat and Military Press tests. In both FFTs, the values of MPV
were recovered, whereas those of blood lactate remained very high (Figure 4).
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Figure 4. (A) Relationship between loss of MPV at 1 m-s~! Squat Test and blood lactate in FFTstrength
(R? =0.091, p = 0.027), (B) relationship between loss of MPV at 1 m-s~! Military Press Test and blood
lactate in FFTstrength (R? = 0.0981, p = 0.021), (C) relationship between loss of MPV at 1 m-s~! Squat
Test and blood lactate in FFTendurance (R? = 0.0948, p = 0.024), (D) relationship between loss of MPV
at 1 m-s~! Military Press Test and blood lactate in FFTendurance (R? = 0.0323, p = 0.194).

4. Discussion

After performing two FFT workout protocols (FFTstrength and FFTendurance) and
recovering for 15 min, the main finding of this study was that, while MPV was recov-
ered at 1 m-s~! Tests in the SQ test in both FFTstrength and FFTendurance, the values
of MPV at 1 m-s~! Tests in the MP test were not recovered in FFTstrength. Moreover,
a very high metabolic stress was detected at 15 min of recovery in both FFT workouts
(>12 mmol-L~! at 15 min post-exercise), with significantly higher lactate levels in FFT-
strength (17.85 & 1.18 mmol-L~! VS. 16.68 + 1.63 mmol-L~!). Therefore, this recovery of
execution velocity after 15 min of rest is not correlated with the high metabolic stress.

In the analysis of the execution time of the FFTworkouts, it was observed that the
mean duration of FFTendurance was almost twice as long as that of FFTstrength (496
s VS. 291 s). Nevertheless, the mean heart rate (HRpean) and RPE were significantly
higher in FFTstrength (FFTstrength, HRmean = 172.8 Ipm + 13.1, RPE = 8.6 £ 0.9; FF-
Tendurance; HRmean = 162.3 = 11.4 lpm, RPE = 7.7 &+ 1). Comparing the values of HR
and RPE obtained with FFTstrength in other studies, we can assert that they were sim-
ilar to those found in another strength WOD (5 min power clean with a load of 40%
maximum power obtained in the one repetition maximal test) [9]. The study of Fernandez-
Fernandez et al. (2015) [7], which was conducted with the same FFTstrength as in the
present study, obtained similar values of HRmean (179 + 8.4 lpm), and RPE (8.4 + 0.9).
However, the blood lactate concentrations were higher in our study (17.85 £ 1.18 mmol-L 1
VS. 14.0 = 3.3 mmol-L~!), with an even greater difference considering that the initial
values were different (1.68 & 0.31 mmol-L™! VS. 4.0 + 1.3 mmol-L~!) [7]. In another
study, which compared recovery in 48 h for two modalities of WODs (AMRAP VS.
RFT), the values of HRg,,1, RPE and blood lactate obtained with RFT were more simi-
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lar to those found in the present study (HRgpn, = 184.2 &+ 8.6 Ipm; RPE = 8.2 £ 0.4; blood
lactate = 18.38 + 2.02 mmol-L~1) [14].

Furthermore, comparing the values obtained in FFTendurance with those of other
studies, it was observed that the cardiovascular response of FFTendurance at the end
of the exercise was lower than that of other metabolic conditioning WODs (8 set x 20 s
with 10 s rest between sets, skip rope double unders) (HRmean = 162.3 £ 11.4 lpm; VS.
178 £ 9 Ipm, respectively) [9]. This could be due to a greater recovery interval between
the change from rowing to cross training cycling in FFTendurance. Comparing such
HRpean with different FFT workouts, such as “Cindy” (sequence of 5 pull-ups, 10 push-ups
and 15 air squats for 20 min), lower values were also observed [7,9,25]. Nevertheless, in
another study that compared a “Cindy” (AMRAP) with a RFT (Open 18.4) [10], HRmean Was
approximately 150 lpm in both WODs, being lower than the HRnean obtained in the present
study (162.3 £ 11.4 Ipm). Thus, considering that our sample was constituted by subjects
with experience in this type of training, a possible explanation in view of such differences
could be the number of rounds completed in the “Cindy”. Nevertheless, the blood lactate
concentrations were very high 3 min after completing the exercise (16.68 & 1.63 mmol-L~!)
with respect to other metabolic conditioning WODs (10.37 & 2.91 mmol-L~1) [9], “Cindy”
WODs (14.5 + 3.2 mmol-L™1) [7], (~10 mmol-L~1) [10] or FFT workout with or without
prefixed rest (~13.5-15 mmol-L~1) [4].

Comparing the metabolic stress produced between both sessions (FFTstrength and
FFTendurance) during the 15 min of recovery, significant differences were observed at
minute 3, minute 10 and minute 15 post-exercise, with higher levels of blood lactate in
FFTstrength (Post-exercise 15 min = 13.76 + 2.05 mmol-L~! VS. 12.55 + 1.65 mmol-L~1).
A study that measured blood lactate at 30 min in two Crossfit® WODs reported values
of ~4 mmol-L~! in an AMRAP and ~7 mmol-L ! in an RFT, finding differences between
these two training methodologies [10]. With respect to the present study, this indicates
the great glycolytic dependency of both exercises, and that this accumulation of lactate in
blood could lead to a decrease of muscle contraction [26,27], due to the accumulation of
hydrogen ions, which in turn decrease the pH and generate metabolic acidosis, being an
indirect precursor of muscle fatigue [28].

However, comparing this high metabolic stress with the execution velocity in the
performance of the Squat and Military Press tests with the load of 1 m-s~! after 15 min of
recovery, it was observed that, for FFTendurance, the pre-exercise values were recovered,
whereas, for FFTstrength, these values were not recovered only in the 1 m-s—1 Military
Press Tests (—7% loss velocity). This could be due to the exercises used in FFTstrength,
since the muscle involvement of the upper limbs may be very high (push press and pull
ups), requiring more recovery time [29,30]. The loss of MPV in the post-exercise right after
completing the exercise was 18%, whereas, in the 1 m-s~1 Squat Test, the loss of velocity was
half (9%) (only one leg exercise was involved), although this was not significant (p > 0.05).

Furthermore, the loss of velocity was not correlated with blood lactate concentrations,
neither in the 1 m-s~! Squat Test nor in the 1 m-s~! Military Press Test, in any of the FFTs.
That is, the lactate concentrations were very high for 15 min of recovery, whereas the
execution velocity returned to pre-exercise values, except in FFTstrength in the 1 m-s~!
Military Press Test (—7% loss velocity). Thus, based on the results of this study, it could be
asserted that, although the blood lactate concentrations were very high during recovery, a
cause-effect relationship with muscle fatigue cannot be established. This assertion is in line
with the conclusions of other authors [31]. Muscle fatigue has been traditionally defined
as the loss of capacity to generate strength with the inability to maintain the expected
exercise level [32,33], or as the decrease of muscle shortening rate, thereby increasing the
relaxation time [34]. Therefore, when the subject moves a certain load at a velocity of
1 m-s~! before the exercise, and then moves the same load at a considerably lower velocity
after the exercise, it is considered that is in a situation of muscle fatigue, as he/she applies
less strength for the same load [17]. In this case, except for the 1 m-s~! Military Press Test
of FFTstrength, all the velocity values after 15 min practically returned to the pre-exercise
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values. This suggests that the neuromuscular capacity to generate a maximum strength
peak could recover more rapidly. Nevertheless, the capacity to maintain the strength levels
for a certain period of time (e.g., a FFT workout) may require a longer time to recover.
In addition, this could explain the differences found between mechanical factors (load of
1 m-s~!) and metabolic factors (lactate), which are probably linked to the fact that the first
factor may be rather conditioned by the fatigue generated by factors such as inorganic
phosphate accumulation [35], alteration of the calcium levels [36] and restoration of the
phosphagen deposits in relatively short times (5 min) [37], whereas the second factor does
not seem to explain, by itself, their direct relationship with fatigue.

Garcia-Fernandez et al. (2021) [2] analysed the effect of recovery from a FFT workout
for 20 min through CM]. The results showed that there was a decrease in the jumping capac-
ity at minute 4 and at minute 10 post-exercise. However, the values began to be recovered at
minute 20 [2]. This involves speculating about the exact point where recovery is established.
To this end, in our study, the recovery of the pre-exercise values in FFTendurance and in
the Squat Test of FFTstrength was obtained at minute 15, which is the intermediate point
between minute 10 and minute 20 of the mentioned study.

Although the data of this study indicate what occurred minutes after performing the
FFT workouts, it is necessary to know the physiological reaction of the body if it were
subjected to another FFT workout after 15 min of recovery. Would the number of repetitions
be the same at the same exercise intensity in the second FFT workout as in the first session?
Moreover, if a third FFT workout were conducted in the same training session, how long
would the subject have to rest? Would the high metabolic stress affect the execution of a
second FFT workout?

Thus, further research is necessary to clarify the responses of the human body to the
recovery of this type of exercises, as well as the time required to be in optimal condition to
perform another FFT workout. The use of execution velocity in this study as a mechanical
variable to measure muscle fatigue is fundamental in this type of FFT workouts, since a
decrease of movement velocity is produced by muscle fatigue, which could modify the
biomechanics of the exercise, thereby altering the execution technique [16] and increasing
the risk of injury, as the exercises performed in FFT have high technical demands [8].

There is an increasing number of subjects who carry out this type of training. In
addition, there was a great difference in the levels of physical condition, strength, resistance
to fatigue and capacity to recover of these participants; thus, it was important for them
to adapt both the duration of the FFT workout and the intra- and inter-session recovery.
Therefore, further studies should be conducted with different training levels. Furthermore,
few studies have been conducted in women. It would be interesting to consider similar
studies in a sample of women to check if there are differences in the results compared to
men. Lastly, although the participants were well trained in this type of training sessions,
the sample was probably scarce.

According to the data from this study, as a practical application for trainers who
perform these types of FFT workouts, after a 15-min rest, efforts could be made where the
application of force is optimal, due to the contractile recovery of the muscle. However,
FFT workouts would have to be efforts of short duration, since the high metabolic stress
will prevent these levels of strength from being maintained over time, due to the non-
replenishment of the glycolytic pathway. Another possibility would be to perform FFT
workouts where there is no high fatigue, including recovery times between sets or rounds,
which would allow blood lactate values to decrease.

5. Conclusions

While FFTendurance obtained a slight loss of velocity right after completing the exer-
cise, the initial values were practically recovered after 15 min of rest. However, FFTstrength
only recovered velocity in the 1 m-s~! Tests in SQ, since the velocity levels were 7% lower in
the 1 m-s~! Tests in MP after 15 min. In view of these results, there may be specific recovery
patterns not only as a function of the exercise and the body regions involved, but also in
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terms of the recovery of neuromuscular factors, with respect to metabolic recovery, since
both FFT workouts had high blood lactate concentrations, which were >12 mmol-L~! after
15 min of recovery. This should be taken into account for the design of later FFTworkouts.

Author Contributions: J.L.M.-M., ] H.-L. and P.G.-F,, conceived and designed the experiments;
JLM.-M., M.B,, S.G.-L,, JRH.-E,, AM.C.-M., M.B.-R,, DM., M.\V.G.-C,, J H.-L. and P.G.-F,, per-
formed the experiments; J.L.M.-M., JRH.-E., ] H.-L., M.V.G.-C. and P.G.-F,, analysed the data; M.B.,
S.G.-L,, J.RH.-E.,, AM.C.-M., M.B.-R., D.M. and ].H.-L., contributed reagents/materials/analysis tools;
JJLM.-M.,, ].H.-L. and P.G.-F,, wrote the paper. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Alfonso X el Sabio University.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Acknowledgments: This work forms part of a research project (1.011.008) funded by the Alfonso X
el Sabio University Foundation.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Heinrich, K.M.; Patel, PM.; O’Neal, ].L.; Heinrich, B.S. High-intensity compared to moderate-intensity training for exercise
initiation, enjoyment, adherence, and intentions: An intervention study. BMC Public Health 2014, 14, 789. [CrossRef] [PubMed]

2. Garcia-Fernandez, P; Cimadevilla, E.; Guodemar-Pérez, J.; Caftuelo-Marquez, A.M.; Heredia-Elvar, ].R.; Fernandez-Rodriguez, T.;
Lozano-Estevan, M.d.C.; Hervéas-Pérez, ].P.; Sanchez-Calabuig, M.A.; Garnacho-Castafio, M.V,; et al. Muscle Recovery after a
Single Bout of Functional Fitness Training. Int. |. Environ. Res. Public Health 2021, 18, 6634. [CrossRef] [PubMed]

3. Silva-Grigoletto, M.E.D.; Heredia-Elvar, J.R.; Oliveira, L.A.D. “Cross” modalities: Are the AMRAP, RFT and EMOM models
applicable to health? Rev. Bras. Cineantropom. Desempenho Hum. 2020, 22, €75400. [CrossRef]

4. Hernandez-Lougedo, ]J.; Cimadevilla-Pola, E.; Fernandez- Rodriguez, T.; Guodemar-Pérez, J.; Otero-Campos, A.; del Carmen
Lozano-Estevan, M.; Cafiuelo-Marquez, A.M.; de Jests-Franco, F.; Garnacho-Castafio, M.V.; Garcia-Fernandez, P; et al. Effects of
Introducing Rest Intervals in Functional Fitness Training. Appl. Sci. 2021, 11, 9731. [CrossRef]

5. Feito, Y.; Heinrich, KM.; Butcher, S.J.; Poston, W.S.C. High-Intensity Functional Training (FFT): Definition and Research
Implications for Improved Fitness. Sports 2018, 6, 76. [CrossRef]

6.  Claudino, ].G.; Gabbett, T.].; Bourgeois, F.; Souza, H.S.; Miranda, R.C.; Mezéncio, B.; Soncin, R.; Cardoso Filho, C.A.; Bottaro, M.;
Hernandez, A.J.; et al. CrossFitCrossFit Overview: Systematic Review and Meta-analysis. Sports Med. Open 2018, 4, 11. [CrossRef]

7.  Fernandez-Fernandez, J.; Sabio-Solana, R.; Moya, D.; Sarabia, ].M.; Moya, M. Acute physiological responses during Crossfit®
workouts. Eur. ]. Hum. Mov. 2015, 35, 114-124.

8.  Maté-Muiioz, J.L.; Lougedo, ].H.; Barba, M.; Garcia-Fernandez, P.; Garnacho-Castafio, M.V.; Dominguez, R. Muscular fatigue
inresponse to different modalities of CrossFit sessions. PLoS ONE 2017, 12, e0181855.

9.  Maté-Murioz, ].L.; Lougedo, ].H.; Barba, M.; Cafiuelo-Marquez, A.M.; Guodemar-Pérez, J.; Garcia-Fernandez, P; Lozano-Estevan, M.C.;
Alonso-Melero, R.; Sanchez-Calabuig, M.A.; Ruiz-Lépez, M.; et al. Cardiometabolic and Muscular Fatigue Responses toDifferent
Crossfit® Workouts. J. Sports Sci. Med. 2018, 20, 668-679.

10. Forte, L.D.M.; Freire, Y.G.C.; Junior, ].S.S.; Melo, D.A.; Meireles, C.L.S. Physiological responses after two different CrossFit
workouts. Biol. Sport 2022, 39, 231-236. [CrossRef]

11. Meyer, M,; Sundaram, S.; Schafhalter-Zoppoth, I. Exertional and CrossFit-Induced Rhabdomyolysis. Clin. J. Sport Med. 2021, 31,
€290-e292. [CrossRef] [PubMed]

12.  Adhikari, P; Hari, A.; Morel, L.; Bueno, Y. Exertional Rhabdomyolysis After CrossFit Exercise. Cureus 2021, 13, €12630. [CrossRef]
[PubMed]

13. Lawrensia, S.; Henrina, J.; Cahyadi, A. CrossFit-Induced Rhabdomyolysis in a Young Healthy Indonesian Male. Cureus 2021,
3, €14723. [CrossRef] [PubMed]

14. Timon, R.; Olcina, G.; Camacho-Cardefiosa, M.; Camacho-Cardefiosa, A.; Martinez-Guardado, I.; Marcos-Serrano, M. 48-hour
recovery of biochemical parameters and physical performance after two modalities of CrossFit workouts. Biol. Sport 2019, 36,
283-289. [CrossRef]

15. Tibana, R.A.; De Almeida, L.M.; Frade de Sousa, N.M.; Nascimento Dda, C.; Neto, I.V.; De Almeida, J.A.; De Souza, V.C.;
Lopes Mde, F.; Nobrega Ode, T.; Vieira, D.C.; et al. Two Consecutive Days of CrossfitCrossFit Training Affects Pro and Anti-
inflammatory Cytokines and Osteoprotegerin without Impairments in Muscle Power. Front. Physiol. 2016, 7, 260. [CrossRef]

16. Weisenthal, B.M.; Beck, C.A.; Maloney, M.D.; De Haven, K.E.; Giordano, B.D. Injury rate and patterns among CrossFit athletes.

Orthop. ]. Sports Med. 2014, 2, 2325967114531177. [CrossRef]


http://doi.org/10.1186/1471-2458-14-789
http://www.ncbi.nlm.nih.gov/pubmed/25086646
http://doi.org/10.3390/ijerph18126634
http://www.ncbi.nlm.nih.gov/pubmed/34203042
http://doi.org/10.1590/1980-0037.2020v22e75400
http://doi.org/10.3390/app11209731
http://doi.org/10.3390/sports6030076
http://doi.org/10.1186/s40798-018-0124-5
http://doi.org/10.5114/biolsport.2021.102928
http://doi.org/10.1097/01.jsm.0000790440.65466.21
http://www.ncbi.nlm.nih.gov/pubmed/34472544
http://doi.org/10.7759/cureus.12630
http://www.ncbi.nlm.nih.gov/pubmed/33585118
http://doi.org/10.7759/cureus.14723
http://www.ncbi.nlm.nih.gov/pubmed/34094722
http://doi.org/10.5114/biolsport.2019.85458
http://doi.org/10.3389/fphys.2016.00260
http://doi.org/10.1177/2325967114531177

Int. |. Environ. Res. Public Health 2022, 19, 8864 12 of 12

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.
32.
33.
34.
35.
36.

37.

Sanchez-Medina, L.; Gonzalez-Badillo, J.J. Velocity loss as an indicator of neuromuscular fatigue during resistance training. Med.
Sci. Sports Exerc. 2011, 43, 1725-1734. [CrossRef]

Pallarés, J.G.; Lopez-Samanes, A.; Fernandez-Elias, V.E.; Aguado-Jiménez, R.; Ortega, J.F; Gémez, C.; Ventura, R.; Segura, J.;
Mora-Rodriguez, R. Pseudoephedrine and circadian rhythm interaction on neuromuscular performance. Scand. J. Med. Sci. Sport
2015, 25, e603—-e612. [CrossRef]

Association, W.M. World Medical Association Declaration of Helsinki: Ethical principles for medical research involving human
subjects. JAMA 2013, 310, 2191-2194.

Pérez-Castilla, A.; Piepoli, A.; Delgado-Garcia, G.; Garrido-Blanca, G.; Garcia-Ramos, A. Reliability and Concurrent Validity of
Seven Commercially Available Devices for the Assessment of Movement Velocity at Different Intensities During the Bench Press.
J. Strength Cond. Res. 2019, 33, 1258-1265. [CrossRef]

McNaughton, L.R.; Thompson, D.; Philips, G.; Backx, K.; Crickmore, L. A comparison of the Lactate Pro, Accusport, Analox GM7
and Kodak Ektachem lactate analysers in normal, hot and humid conditions. Int. |. Sports Med. 2002, 23, 130-135. [CrossRef]
[PubMed]

McLean, S.R.; Norris, S.R.; Smith, D.]. Comparison of the Lactate Pro and the YSI 1500 Sport Blood Lactate Analyzers. Int. J. Appl.
Sports Sci. 2004, 16, 22-30.

Tibana, R.A.; De Sousa, N.M.E; Cunha, G.V,; Prestes, J.; Fett, C.; Gabbett, T.J.; Voltarelli, F.A. Validity of session rating perceived
exertion method for quantifying internal training load during high-intensity functional training. Sports 2018, 6, 68. [CrossRef]
[PubMed]

Field, A. Discovering Statistics Using IBM SPSS Statistics, 4th ed.; Sage: London, UK, 2013; pp. 473-474.

Kliszczewicz, B.; Snarr, R.L.; Esco, M.R. Metabolic and Cardiovascular Response to the CrossFit Workout “Cindy”. J. Sport Hum.
Perform. 2014, 2, 1-9.

McCully, K.K.; Authier, B.; Olive, J.; Clark, B.J. Muscle Fatigue: The role of metabolism. Can. J. Appl. Physiol. 2002, 27, 70-82.
[CrossRef]

Smilios, I.; Hakkinen, K.; Tokmakidis, S.P. Power Output and Electromyographic Activity during and after a Moderate Load
Muscular Endurance Session. J. Strength Cond. Res. 2010, 24, 2122-2131. [CrossRef]

Finsterer, J. Biomarkers of peripheral muscle fatigue during exercise. BMC Musculoskelet. Disord. 2012, 13, 218. [CrossRef]
Gonzalez Badillo, ]J.J.; Yafniez Garcia, ].M.; Mora Custodio, R.; Rodriguez-Rosell, D. Velocity loss as a variable for monitoring
resistance exercise. Int. J. Sports Med. 2017, 38, 217-225. [CrossRef]

Rodriguez-Rosell, D.; Yafnez-Garcia, ].M.; Sanchez-Medina, L.; Mora-Custodio, R.; Gonzalez-Badillo, J.J. Relationship Between
Velocity Loss and Repetitions in Reserve in the Bench Press and Back Squat Exercises. J. Strength Cond. Res. 2020, 34, 2537-2547.
[CrossRef]

Robergs, R.A.; Ghiasvand, F.; Parker, D. Biochemistry of exercise-induced metabolic acidosis. Am. J. Physiol.-Regul. Integr. Comp.
Physiol. 2004, 287, R502-R516. [CrossRef]

Bigland-Ritchie, B.; Woods, J.J. Changes in muscle contractile properties and neural control during human muscular fatigue.
Muscle Nerve 1984, 7, 691-699. [CrossRef] [PubMed]

Enoka, R.M,; Stuart, D.G. Neurobiology of muscle fatigue. J. Appl. Physiol. 1992, 72, 1631-1648. [CrossRef] [PubMed]

Allen, D.G.; Lamb, G.D.; Westerblad, H. Skeletal muscle fatigue: Cellular mechanisms. Physiol. Rev. 2008, 88, 287-332. [CrossRef]
Westerblad, H.; Allen, D.G.; Lannergren, J. Muscle fatigue: Lactic acid or inorganic phosphate the major cause? News Physiol. Sci.
2002, 17, 17-21. [CrossRef] [PubMed]

Steele, D.S.; Duke, A.M. Metabolic factors contributing to altered Ca?* regulation in skeletal muscle fatigue. Acta Physiol. Scand.
2003, 179, 39—-48. [CrossRef] [PubMed]

Tomlin, D.L.; Wenger, H.A. The Relationship between Aerobic Fitness and Recovery from High Intensity Intermittent Exercise.
Sports Med. 2001, 31, 1-11. [CrossRef]


http://doi.org/10.1249/MSS.0b013e318213f880
http://doi.org/10.1111/sms.12385
http://doi.org/10.1519/JSC.0000000000003118
http://doi.org/10.1055/s-2002-20133
http://www.ncbi.nlm.nih.gov/pubmed/11842361
http://doi.org/10.3390/sports6030068
http://www.ncbi.nlm.nih.gov/pubmed/30041435
http://doi.org/10.1139/h02-005
http://doi.org/10.1519/JSC.0b013e3181a5bc44
http://doi.org/10.1186/1471-2474-13-218
http://doi.org/10.1055/s-0042-120324
http://doi.org/10.1519/JSC.0000000000002881
http://doi.org/10.1152/ajpregu.00114.2004
http://doi.org/10.1002/mus.880070902
http://www.ncbi.nlm.nih.gov/pubmed/6100456
http://doi.org/10.1152/jappl.1992.72.5.1631
http://www.ncbi.nlm.nih.gov/pubmed/1601767
http://doi.org/10.1152/physrev.00015.2007
http://doi.org/10.1152/physiologyonline.2002.17.1.17
http://www.ncbi.nlm.nih.gov/pubmed/11821531
http://doi.org/10.1046/j.1365-201X.2003.01169.x
http://www.ncbi.nlm.nih.gov/pubmed/12940937
http://doi.org/10.2165/00007256-200131010-00001

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Functional Fitness Training 
	Mechanical Measurements of Fatigue 
	Blood Lactate Concentrations 
	Ratings of Perceived Exertion 
	Heart Rate 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

