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Abstract
The purpose of the study was to determine the relationship

between internal and external load in physically active
subjects (11 men and 5 women) during a high-intensity
functional training session, using different load markers:
heart rate, perceived effort and the Edwards index. The
maximum heart rate was assessed during a maximal
incremental endurance test (Course Navette). Thereafter each
participant performed a high-intensity functional training
session (Workout of the Day - Pukie), while wearing a heart rate
monitor, and the perceived effort was assessed with the 0-10
point scale at 0-min, 10-min, 20-min, and 30-min. Thereafter
the Edwards index was calculated. The perceived effort was
positively correlated with the heart rate and the Edwards
index during the different time-points analyzed (Spearman r =
0,76-0,88; p<0,01). In conclusion, perceived effort can be used
as a low-cost and logistically convenient method to assess
the internal load experienced by physically active participants
during a high-intensity functional training session.

Keywords: Physical conditioning, exercise, exercise test
(Source: Mesh).

Resumen

El propósito del estudio fue determinar la relación entre la
valoración del esfuerzo percibido en la sesión (EPES) y el Índice
de Edwards (IE) para cuantificar la carga interna basado en
la frecuencia cardíaca en el entrenamiento funcional de alta
intensidad con sujetos físicamente activos. Estudio descriptivo
de tipo correlacional con una muestra por conveniencia
conformada por 11 hombres y 5 mujeres. Para valorar la
frecuencia cardiaca máxima se utilizó el Test de Course-
Navette, posteriormente se realizó el Workout of the Day
(WOD) denominado “Pukie” donde cada participante contaba
con un pulsómetro Polar H7, que recolectaba la escala de
percepción subjetiva de la sesión (0-10), a partir de estos
datos se calculó el IE. En el software PSPP (p-valor de 0,05)
se llevó a cabo el análisis estadístico donde se manejó un
coeficiente correlacional de Spearman para relacionar la EPES
y el IE. La relación entre la escala recolectada en los diferentes
fragmentos de tiempo post-ejercicio y el IE fue positiva, y
el resultado obtenido fue muy significativo (r = 0,76-0,88;
p < 0,01). Se puede concluir que la EPES es un método
viable, económico y de fácil aplicación para cuantificar la carga
interna en el entrenamiento funcional de alta intensidad con
sujetos físicamente activos.

Palabras clave: Acondicionamiento físico, ejercicio, test de
ejercicio (Fuente: Mesh).
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Introduction

High intensity functional training or high intensity functional
training (HIFT) is credited with employing high volumes and
intensities of training (Teixeira, 2020), which is considered
a novel way to perform exercises that test some of the
body systems (muscular, nervous, respiratory, skeletal) and
challenges people's abilities to complete the mechanical
work (Crawford et al., 2018). Next, one of the HIFT training
modalities that is currently listed by the training environment
as the fastest growing in the world is CrossFit® (Claudino et
al., 2018), likewise, this modality requires a high technical level
of maximum effort and incomplete recovery between blocks
and sessions (Camacho- Cardeñosa et al., 2020).

However, there is a need to control certain variables
of the training load by specialized professionals, physical
trainers and/or sport scientists (Balaguer & Caparrós, 2021),
since there is a continuous challenge regarding the dosage
of the training load, due to the possibility of obtaining
an effective adaptation of the training, minimizing fatigue,
inhibition of performance, overtraining and the occurrence
of injuries (Halson, 2014; Jones et al., 2017). Because, within
the training process an important factor is the quantification
of the internal load (González-Fimbres et al., 2020), however,
regarding HIFT there is still a lack of information on the
monitoring and control of training methods (Alsamir-Tibana &
De Sousa, 2018), therefore, it is necessary to expand scientific
knowledge to improve preparation methods (Reche-Soto et
al., 2020).

In the context of research one of the ideal topics is to
compare, relate and analyze the influence of high intensity
training with health and sports performance (Bustos-Viviescas
et al., 2021a), from this previous research has contrasted
the reliability and applicability of the subjective perception
of effort scale in the session to assess the internal load in
HIFT, however, this has been carried out mainly with subjects
trained in this training modality (Tibana 2018c; Crawford et al.,
2018; Tibana 2019a; Tibana 2019b; Falk et al., 2020),

This could be of concern for coaches of this modality,
since there is no research to identify whether this method of
effort quantification is valid for populations with no previous
experience in HIFT.

Therefore, the purpose of the present study is to
determine the relationship between the assessment of
perceived exertion in the training session and the Edwards
Index (1993) with the purpose of quantifying the internal load
based on heart rate in high-intensity functional training with
physically active subjects.

Method

Type of study

Descriptive correlational study. The type of sampling was by
convenience. This study is a secondary result of the project
called "Analysis of physical condition through weight training
and fitness in physically active university students".

Participants

The sample was composed of 14 men and 6 women who
met the following inclusion criteria: 1) Voluntary participation,
2) Being a student of the Bachelor's Degree in Physical

Education, Recreation and Sports at the University of
Pamplona (Villa del Rosario).

The following students were excluded from the study:
1) Presence of any type of cardiovascular and/or metabolic
pathology that could affect performance in the tests, 2)
Presence of any pathology or injury that could affect muscle
strength and/or have a feeling of discomfort or pain during
the evaluation, 3) Be trained in high intensity functional
training (experience greater than 3 months).

Ethical considerations

This study was developed considering the parameters
established for research with human beings in the Declaration
of Helsinki of the World Medical Association (2013) and
the ethical standards established for research in sport
and exercise sciences (Harriss et al., 2017). On the other
hand, Resolution No. 008430 of 1993, issued by Ministry
of Health of the Republic of Colombia, article 11, was
considered, classifying this study in the category of major
risk, therefore, the participants signed an informed consent,
which, contained the objective of the study, the description
of the tests, risks, benefits and contributions at the level of
training. Likewise, this study has the endorsement of the
Ethics and Environmental Impact Committee of the University
of Pamplona by means of Act No. 002 of March 4, 2019.

Procedure

The study was carried out over two days, with a 72-hour
break in between to perform the assessments. On the
first day, data on height, body mass and cardiorespiratory
fitness assessment test were collected by means of the
Course-Navette test (Léger & Lambert, 1982). The macro
anthropometric data were collected on an empty stomach
(6:00 am) and the cardiorespiratory fitness test was
performed hours after breakfast (10:00-11:00 am). On the
second day, the Workout of the Day WOD "Pukie" was
performed to obtain the time to complete the training, which
consists of performing 150 burpees in the shortest possible
time. It counts as burpee, the exercise that combines the
squat and the front support on the floor and the vertical jump
(burpee). It should be noted that prior to the development of
the tests, a familiarization with the technical execution of the
burpee and the scale of subjective perception of effort was
performed.

The heart rate was assessed in each period of the test with
the Polar H7 heart rate monitor to obtain the maximum heart
rate (HRmax), while the exercise intensity during the training
session was recorded every 30 burpees, so that the heart rate
collected presented 5 data during the training session in order
to avoid interfering with the normal development.

In the Course-Navette Test (Léger & Lambert, 1982) the
participant must move from one line to another, located 20
meters apart and making the change of direction according
to the rhythm imposed by the sound signal, which is
progressively increased by means of a recorder, and the test
culminates when the examiner considers that the participant
is not able to reach the line with the sound signal twice in a
row or when he/she retires due to fatigue. The initial speed of
the test is 8.5 km/h and will increase by 0,5 km/h every minute.
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Load quantification

Edwards Method

For the quantification of the training load, the training zone
summation method of Edwards (1993) was used:

The equation for the Edwards training load is:

Edwards CE = (duration in zone 1 × 1) + (duration in zone
2 × 2) + (duration in zone 3 ×3) + (duration in zone 4 × 4) +
(duration in zone 5 × 5).

Where: zone 1 = 50 - 60% of maximum HR, zone 2 = 60 - 70
% of max HR. Zone 3 = 70 - 80 % max HR. Zone 4 = 80 - 90 %
max HR. Zone 5 = 90 - 100 % max HR.

The duration in zone is expressed in minutes, therefore,
considering the 5 records obtained during the session, it
was decided to average the intensity zone according to the
maximum heart rate and multiply it by the total duration in
minutes of the Pukie WOD to obtain the Edwards Index.

Subjective perception of effort scale

To calculate the training load, the method suggested by Foster
et al., (2001) was used, which consists of multiplying the total
duration by the training intensity; consequently, the modified
version of Borg's CR-10 scale of perceived exertion (Borg,
1982) was used to measure the intensity (Table 1).

Table 1. Subjective perception of effort scale from 0 to 10 points (Borg, 1982)

Source: Borg CR-10 Scale of Perceived Effort (Borg, 1982).

The evaluation of the subjective perception of the training
session was obtained from the participants once the WOD
was finished and at 10, 20 and 30 min after it. The question
"How hard was your training?" was used, so that the training
load was expressed as a single value in arbitrary units (AU),
the total time in minutes to perform the WOD was multiplied
and multiplied with the arbitrary units obtained to identify the
scale of subjective perception of the effort in session.

For example, at the end of the training (0 min) the effort
perception scale (EPE) was 9 and the duration of the WOD was
10 minutes, this would give a training load of 90 arbitrary units
(AU).

It should be noted that a familiarization with the
instrument was carried out prior to the training session.

Data analysis

The data were analyzed with the statistical package PSPP (Free
License), and measures of central tendency and dispersion
were calculated.

Subsequently, a Shapiro-Wilk normality test and a
Spearman correlation coefficient were applied to establish
the correlation between the subjective perception of effort in
the session scale (EPES) and the Edwards Index obtained in
the Pukie WOD.

A confidence level of 95% and a p-value of 0,05 were
considered for the statistical analysis.

On the other hand, the magnitude ranges proposed by
Cohen for correlation were considered: trivial (r ≤ 0,1), small
(0,1 < r ≤ 0,3) moderate (0,3 < r ≤ 0,5), large (0,5 < r ≤ 0,7), very
large (0,7 < r ≤ 0,9) and almost perfect (r ≥ 0,9) and perfect (r
= 1,0) (Cohen, 1988).

Results

Table 2 shows that the age of the participants by sex was
similar, although men had greater height and body mass than
women, which translates into a higher body mass index (BMI).
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Table 2. General characteristics

Table 3 shows the values obtained in the field test and the
Pukie WOD. It can be evidenced that the subjective perception
of effort in the session (EPES) scale was categorized as "Very
strong" according to the Borg's CR-10 scale.

Likewise, the Edwards Index value and the EPES (0 min,
10 min, 20 min and 30 min) showed a non-symmetrical
distribution of the data (p<0,05).

Table 3. Participants' internal load variables

Next, Table 4 shows that there is a positive and highly
significant relationship between the subjective perception of
effort scale of the training session and the Edward index (p

< 0,01), likewise, the magnitude of the correlation between
the Edward index and the subjective perception of effort scale
was classified as very high (r = 0,76 to 0,88).

Table 4. Relationship between variables
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Discussion

The objective of this study was to determine the relationship
between the assessment of perceived exertion in the training
session and the Edwards Index for quantifying internal load
based on heart rate in high-intensity functional training with
physically active subjects.

Among the main findings of this research, a positive and
highly significant relationship was evidenced between the
Edwards Index for internal load and the subjective perception
of effort scale in the training session (r = 0,76-0,88; p < 0,01).

A study developed by Crawford et al., (2018)
with recreational athletes inexperienced in high-intensity
functional training programs concluded that the subjective
perception of exertion scale in the session significantly
predicted the Edwards index in two training blocks separated
by three weeks (r = 0,818-0,885, p < 0,001).

Recently Tibana et al., (2018c) validated the subjective
perception of effort scale in subjects practicing high-intensity
functional training finding a positive and highly significant
association (r = > 0,8; p < 0,01).

On the other hand, this scale in high-intensity functional
training has obtained some significant relationships with
workload variables (training heart rate x session duration) (r
= 0,426; p = 0,019) (Drake et al., 2017), lactate (r = 0,66; p =
0,005), number of completed repetitions (mechanical work) (r
= 0,55; p = 0,026) (Tibana et al., 2019b).

Now, regarding the usefulness of this scale for the
evaluation and prescription in high intensity functional
training, the literature is still scarce, but several works stand
out among which we find the assessment of the internal load
during a period of 38 weeks with an elite female athlete in
high intensity functional training (Tibana et al., 2019a), and
the quantification of the load during 6 weeks of high intensity
functional training on physical performance in participants
with different training volumes and frequencies (Teixeira et al.,
2020).

For example, one method of training load quantification is
the training impulse (TRIMP), which suggests combining the
elements of training intensity and duration into a single index
concept (Foster et al., 2017), and a recent study prepared by
Falk et al., (2020) in which they concluded that, EPES is more
accurate than the training impulse quantification method
(TRIMP) in representing the overall load in HIFT sessions.

In the same way, this scale enables self-regulation of
internal load during these high- intensity functional training
sessions (Tibana et al., 2019b).

Similarly, another study concluded that it is possible
to obtain potential benefits in aerobic capacity, strength,
cardiovascular performances and body composition with
HIFT training controlled by heart rate variability even with
fewer sessions performed at high intensity in physically
active subjects (DeBlauw et al., 2021), consequently, accurate
quantification of the HIFT training load is essential to
determine and examine the relationship between training
and physiological adaptations obtained with this type of high-
intensity exercise.

Now, regarding the evaluation of the internal load in
different WODs we evidenced that it was lower than that
obtained in the WOD "Fight Gone Bad" (77,7±4,9) although
higher than the WOD "Fran" (19,8±8,4), this can be explained
by means of the subjective perception scale of the session

and the own duration of each training (9,6±0,5 and 8,7±0,8; 17
minutes and 4 minutes respectively) (Tibana et al., 2018b).

Continuing the comparison of the internal load in WOD
according to its modality, it was evidenced that according to
the priority of the WOD (time, task/mark and single element)
there are higher values in time priority training (14,7±0,7
EPE; p = 0,000) and task/mark priority (14,8±0,5 EPE; p =
0,000) compared to element or single element priority training
(9,4±0,8 EPE) (Borg Scale 0-20) (Drake et al., 2017).

Although HIFT is not synonymous with HIIT (High Intensity
Interval Training) both share a common factor that they are
high intensity (Lu et al., 2021), for this reason, one aspect
that may explain the differences between the results of this
work and the others mentioned are the characteristics of the
WOD from its structure (AMRAP, For Time, among others) or its
components/movements (lifting, calisthenics/gymnastics and
aerobic), since, an exercise session with the aforementioned
movements induces a higher increase in the subjective
perception scale of the session, compared to another exercise
session (metabolic predominance in calisthenic exercises)
(8,0±1,2 EPE) (p<0,02) (Tibana et al., 2018a).

Following, the analysis of the WOD "Pukie" was applied
in this research where a single calisthenic element (Burpee)
was performed, which is an exercise that improves endurance
to fatigue (Maté-Muñoz et al., 2018) and cardiorespiratory
capacity (Mangine et al., 2020). Likewise, this is a high-intensity
exercise that is complicated to quantify and qualify, given
the wide technical variation, sequence and morphological
characteristics of the athletes (Bingley et al., 2019).

For such reason, it is advisable that in these trainings that
include mainly calisthenic/gymnastic exercises, the external
load be prescribed from the time of the stimulus and the
recovery of the physical effort (Machado et al., 2018), in
addition, it is advisable that the frequency of training and
the exercises assigned during the training be prescribed with
respect to the functional capacity of the participant (Machado
et al., 2017).

Experience in high intensity functional training can
also influence the subjective perception of effort, authors
such as Gomes et al., (2020) compared the RPE of the
AMRAP WOD "Cindy" between an experienced group and a
non-experienced group, concluding that the cardiovascular
responses were similar (93,1±0,6 %HRmax vs 93,0± 0,8
%HRmax) but with a slightly higher perception of effort in the
non-experienced (7,5±0,3 RPE vs 8,1±0,3 RPE).

A recent research evaluated the internal load of three
WOD For Time (Angie plus, Grace and Karen) performed
continuously and uninterruptedly by subjects trained in HIFT,
this work evidenced that the subjective perception ranged
between in women an RPE of 7,17±0,71 AU in intermediate
and 7,33±1,15 AU in advanced, while in men the RPE was
7,67±0,33 AU for intermediate and 7,67±0,47 AU in advanced,
finding that when WODs of different modalities are combined,
very hard efforts are obtained for subjects conditioned in HIFT
(Bustos-Viviescas et al., 2021b).

Among the limitations of this work we can highlight the
small sample of participants, likewise, we could not compare
the internal load for the same WOD between various groups
of experience (advanced vs recreational vs non-practitioners),
because it would be interesting for decision making in terms
of exercise prescription in high-intensity functional training. In
addition, current evidence suggests that load quantification
by means of the perceived exertion scale is valid in HIFT-
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trained subjects, and further research is required for its
applicability in non-experienced subjects.

Conclusions

The scale of subjective perception of effort in a training
session is a valid method to quantify the internal load in
high-intensity functional training sessions in physically active
subjects who have no experience in these types of training,
making it an economical and easily applicable tool to keep
track of the periodization in this type of fitness training.
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