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Abstract - The aim of the present study was to verify the energy expenditure during a Pilates
session under different intervention protocols. A systematic review was carried out, in order to
verify the potential of Pilates exercises in meeting the international recommendations of 1,000
kcal/week spent with the practice of physical activity. Searches were conducted in the following
databases: PubMed, Embase, CENTRAL, CINAHL, Web of Science, SPORTDiscus and
LILACS. 931 reports were located and after screening, four studies met the inclusion criteria.
The total number of participants was 71 young adults. Energy expenditure in one session ranged
from 64.5 + 10.7 to 213.7 = 76.4 Kcal. Proportionally, the highest energy expenditure (8.3
kcal/min) occurred in the following condition: Pilates on equipment, performed in 1x10 series/
rep, with one minute of rest between exercises. In conclusion, to reach the recommendations
of 1,000 kcal/week, Pilates practitioners must train at least three times a week, considering
60-minute sessions, with exercises performed between 10-15 repetitions and intervals of a
maximum of one minute between sets.
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Resumo — O ogyetive do presente estudo foi versficar o gasto energetico durante uma sessio de Pilates
s0b diferentes p los de intervengdo. For

porencial dos exerciiios de Pilates em atendt

[12ad07 uma revisio sistemdatica, a fim de verficar o

25 recomendagoes internactonals de 1.000 keal/Semana

Qastas com a prafica de atfvidade [fisica. As buscas foram realizadas nas seguintes bases de dados:
PubMed] Embase, CENTRAL, CINAHL, Web of Science, SPORT Discus e LILACS. Foram
localizados 931 relatdrios & apds a lriagen, qualro estudos preencheram os criférios de inclusio. O
niimero fotal de participarntes foi de 71 jovens adultos. O gasto energetico em uma sessio varion de 64,5
+ 10,72 213,7 + 76,4 kcal. Proporcionalmente, o mator gasto energetico (83 kealmin) ocorreu na
seguinte condiido: Prlates em aparelbos, realizado em 1x10 séries/reperizoes, com um minuto de descanso
entre os exercicios. Conduinds, para atingrr a recomendagao de 1.000 kal/semana, os praticantes
e Pilates devem Lreinar 1710 minino 1765 vezes por senand, considerando sessoes de 60 minutos, com

exercitios realizados entre 10-15 repetifoes ¢ intervalos de 1no maxino um minulo entye as series.
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Energy expenditure during a Pilates session

INTRODUCTION

Knowledge of the energy expenditure of different modalities of physical exercise
becomes fundamental for decision making by different health professionals, as
it helps in choosing the modality, intensity and volume of exercise depending
on the objectives to be achieved'”. This is because energy expenditure has a
direct impact on different health outcomes, such as body composition and
cardiorespiratory fitness, for example*’. The recommendation of the American
College of Sports Medicine (ACSM)° is to spend at least 1,000 kcal/week
with the practice of physical activity. In this sense, by identifying the energy
expenditure of a single session in different forms of exercise and the respective
protocols used, it is possible to estimate the total amount of exercise needed
during a week to reach the recommendations.

For example, Benito et al.” aimed to evaluate energy expenditure in moderately
active young adults, comparing three different types of circuit training, involving:
1) free weights; 2) machines; 3) free weights interspersed with aerobic exercises
(combined training). All with a 45-minute session, containing eight exercises,
performed in 3 series, with 15 repetitions and 15 seconds of rest. The lowest
energy expenditure occurred in machine training (173 + 48 Kecal), followed
by free weight training (203 + 58 Kcal) and combined training (259 + 65). In
this example, to meet the ACSM recommendations, it would take four weekly
sessions of combination training, or five sessions of free weights, or six sessions
of machine training.

Other forms of exercise, particularly those in which the execution of movements
occurs in a slower and more controlled manner, requiring concentration and
breathing techniques, may require less energy expenditure, as is the case with
exercises commonly known as body-mind®. Hatha Yoga exercises, performed
in 24 minutes, by young male adults, experienced practitioners/instructors with
the technique, resulted in 41.2 kcal/session’, while Tai-Chi-Chuan exercises,
performed in 30 minutes, by healthy adults of different age groups, inexperienced
with the technique, resulted in energy expenditure of approximately 48 kcal/

session'’

. It can be seen that for both practices, even if 60-minute sessions
were performed every day of the week, it would not be enough to meet the
recommendations of 1,000 kcal/week recommended by the ACSM, making it
necessary to complement the practice of these activities with other activities.
that generate greater energy expenditure.

Another activity with a body-mind characteristic is Pilates, for which there
are six basic principles that must be respected during practice: concentration,
center, control, fluidity, breathing and precision''. This makes the execution of
the movements slow and rhythmic, which supposedly can also generate a lower
energy expenditure when compared to conventional activities. However, it should
be considered that Pilates exercises can be performed in different ways, such
as on the mat, involving only body weight as a form of resistance, or with the
aid of specific equipment, which use springs of different intensities to generate
resistance™. Furthermore, as in conventional resistance training, factors such as
number of sets, number of repetitions and rest intervals between sets should
impact the energy expenditure of a session.

Identifying how much energy a Pilates session generates and factors that
can impact greater or lesser expenditure becomes important, considering that
the technique has been increasingly sought after. In Brazil, for example, when
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grouped alongside Yoga, gymnastics and stretching, it was the sixth most
practiced activity regardless of age group. When considering only people aged
60 or over, it was the second most practiced activity'’. Thus, the objective of the
present study was to verify the energy expenditure during a Pilates session and
to identify factors that may eventually impact a greater or lesser expenditure.

METHODS

This research was intended to carry out a systematic review. For the writing
of the study, the recommendations of the PRISMA protocol were followed.
Regarding the methodological procedures, the recommendations of the Cochrane
collaboration were followed”. The protocol was registered in PROSPERO
(CRD42022370937).Inclusion criteria were: a) intervention with Pilates exercises;
b) assessment of energy expenditure during a session; c) healthy participants,
without restriction of ethnicity, age or physical fitness level.

Search strategy

The databases used were: PubMed, Embase, CENTRAL, CINAHL, Web
of Science, SPORTDiscus and LILACS. As a complement, a clinical trial
registration platform was also consulted (clinicaltrials.gov) in order to locate
unpublished studies. There was no restriction on publication date or language.
Additionally, the references of the included studies were approached, in order
to try to locate works that might not have been identified in the databases.

The search strategy consisted of the following search terms: (“Pilates” OR
“Pilates method” OR “Pilates-based exercises” OR “Pilates exercise” OR “clinical
Pilates” OR “clinic Pilates” OR “Pilates training” OR “mat Pilates” OR “mat-
based Pilates” OR “equipment-based Pilates” OR “apparatus Pilates”) AND
(“energy expenditure” OR “aerobic metabolism” OR “oxygen consumption” OR
“metabolism” OR “aerobic exercise” OR “exercise intensity” OR “blood lactate”
OR “blood pressure” OR “heart rates” OR “heart rate” OR “cardiac rate” OR
“cardiac rates” OR “metabolic” OR “metabolism” OR “cardiorespiratory fitness”
OR “cardiorespiratory endurance” OR “aerobic test” OR “aerobic capacity”
OR “cardiorespiratory” OR “maximum oxygen uptake” OR “maximum oxygen
consumption” OR “maximum volume of oxygen” OR “cardiorespiratory exercise”
OR “cardiorespiratory test” OR “cardiorespiratory activity” OR “aerobic fitness”
OR “maximal cardiorespiratory fitness” OR “oxygen volume” OR “metabolic
equivalents” OR “metabolic equivalent” OR “MET” OR “METs” OR “kcal”
OR “calorie” OR “calories” OR “kilocalorie”). The strategy was adapted for
each database when necessary. The search took place on September 22, 2022.

Selection of studies

A reviewer (RGO) carried out the initial search strategy in the databases,
extracting the titles and abstracts. Subsequently, this same reviewer performed
the extraction of duplicates. Next, two reviewers (GBBV and RAGP) blindly
read titles and abstracts, excluding papers that did not meet the inclusion
criteria. The studies that went through this phase were read in full by the
same reviewers, blindly, to define the works that should effectively compose
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the systematic review study. Disagreements, when not resolved between the
two researchers, were transmitted to a third party (RGO), who decided on
the issue.

Data extraction

Data extracted from each eligible study were: author, year of publication,
nationality of the study, gender of participants, age, body mass index, intervention
protocols, method for assessing energy expenditure, observed results and
possible adverse events. The same form for data extraction was used by two
blind reviewers (GBBV and RAGP). Possible discrepancies were later resolved
by a third reviewer (RGO).

Methodological quality assessment

The methodological quality of the studies was assessed using the JBI
Critical Appraisal Checklist For Quasi-Experimental Studies (The Joanna
Briggs Institute)'®. This scale has a total of 9 questions. For the purposes of this
study, an adapted version was used, since some questions were not applicable
to the methodological design of the included works. Thus, four questions
were maintained to assess methodological quality, namely: 1) Is it clear in the
study which is the ‘cause’ and which is the ‘effect’™ 2) Were the participants
included in any comparison similar? 3) Were the results measured reliably? 4)
Wias appropriate statistical analysis used?

Each item that met the required criteria received one point, making it
possible to classify works from 0-4 points. Studies with scores > 3 points were
considered to have satisfactory methodological quality. Two independent
reviewers (GBBV and RAGP) carried out the classification blindly and when
there were disagreements, a third reviewer (RGO) was requested.

RESULTS

Initially, 931 potentially eligible reports were identified, in addition to three
clinical trial registries. After eliminating duplicates, 508 papers remained for
reading titles and abstracts, of which 494 were excluded for not meeting the
eligibility criteria. When searching for the full texts of the remaining 14 reports,
three were not retrieved (Supplementary Table 1). Thus, 11 reports were accessed
and the full text was read. Of these, eight did not meet the eligibility criteria
(Supplementary Table 2). The reasons for exclusion were: a) no assessment
of energy expenditure (6 reports), b) opinion article (1 report), c¢) duplicate
information in another report already included (1 report). As a result, three
reports (each representing a study) met the eligibility criteria and were included
in the systematic review. When reviewing the references of the studies included
in the review, an additional potentially eligible report was located. After the
screening process, the report met the inclusion criteria and was included in
the review, totaling four studies included in the systematic review. The Prism
diagram, with the representation of the identification, screening and inclusion
events can be seen in Figure 1.
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Identification of studies via databases and registers Identification of studies via other methods

Records identified from:

Databases (n = 931) Records removed before

4 = screening
.(P;g,?trpaid(él] —};)7) Duplicate records removed Records identified from:
-Embase (n = 273) 5> (n=423) - Websites (n = 0)
-Web of science (n = 148) Records marked as ineligible Organisations (n = 0)
Y by automation tools (n = 0) Citation searching (n = 1)

-Sport discus (n = 99)
-CINAHL (n = 119)
Registers (n = 3)

Record removed for other
reasons (n = 0)

Records screened Records excluded

(n=508) ¥ (n=494)

Records sought for retrieval Records not retrieved Records sought for retrieval ~ Records not retrieved
(n=14) > (n=3) (n=1) > (n=0)

Records assessed for eligibility ~ Records excluded (n = 8) Records sought for retrieval ~ Records not retrieved
(n=11) > -Did not evaluate energy (n=1) > (n=0)

expenditure (n = 6)

- Opinion article (n = 1)

- Information avaliable in
another report (n=1)

Records included in review
(n=4)
Records of included studies
(n=4)

Figure 1. PRISMA 2020 flow diagram.

Table 1 presents the synthesis of the studies included in the systematic review.
The studies were published between 2014 and 2021"°. All were carried out
in Brazil, with the number of participants ranging from 10" to 33%. Three
studies included physically inactive women'”'"?’ and another included men and
women with at least one year of Pilates practice’®. In three studies, the sample

171920 while one

consisted of young adults with BMI within the normal range
study did not report BMI"™.

Interventions ranged from studies that performed a single experimental
session'”'* to studies that performed two'’ and three sessions” due to the number
of protocols tested. The number of exercises performed during the session ranged
from five'” to 21'%. Three studies used Mat Pilates protocol™?’ and two tested

1717 The most tested number of sets and repetitions was

Pilates on apparatus
1x10'%2° with 2 minutes of rest between sets'®'? or no rest'®. Non-traditional
sessions, with alternative sets and repetitions (1x20 and 3x12), both with a
30-second interval between sets, were tested by one study”, while another study
tested 1x15 (sets x repetitions), with one minute of rest'. Session duration
ranged from 23% to 90 minutes’.

Assessment of energy expenditure in two studies was estimated through
oxygen consumption assessed by a portable gas analyzer'*, while two studies
estimated it through heart rate'”'*. Regarding the observed results, the total
energy expenditure of the session ranged from 213.7 + 76.4 kcal (session with
21 Mat Pilates exercises, duration of 45-60 minutes, in individuals practicing
Pilates for more than one year)'®, up to 64.5 + 10.7 kcal (session with 12 Mat
Pilates exercises, duration of 33 minutes, in physically inactive women)”.
Proportionally considering the duration of the session, the study that observed
the highest energy expenditure (208 kcal/session - 8.3 kcal/min) performed
exercises exclusively on equipment, in a session of approximately 30 minutes,

in physically inactive women'’.
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Methodological quality of studies

The methodological quality of the studies was considered satisfactory, with all
scoring three points on a scale of zero to four'”?’. The only item not addressed by
the studies concerned the reliability of the outcome measures, since the number
of evaluators, their training and intra- and inter-evaluator reliability were not
reported. In this case, the question is about the reliability of the measurement

and not about the validity of the instruments used.

Table 1. Summary of studies included in the systematic review.

"ll
participants, Evaluation
m::t‘:':':;;m age and bhody Pilates protocol of Energy Results 3)":;
mass index Expenditure
(BMI)
2 sessions (1 familiarization
and 1 experimental)
5 exercises in total
10 physically (1 stabilization and 4
’ inactive women strengthening) ’ .
S|Iv§r:;?|. 19+ 0.8 years  Protocol: apparatus (step-chair, Es[;[gﬁtii eby 2088 giaclﬁ;a;isrl]on
19.8 £29kg/  reformer, ladder barrel, cadillac @ )
m2 and wall-unit)
Set x reps: 1x 15
Interval: 1 min
Session duration: ~ 30 min
1 trial session
5menand 5 21 exercises in total (3
women with stretches; 10 lumbopelvic
at least 1 year stabilizations; 8 core
Santo etal.”  experience with strengthening) Estimated by 213.7 + 76.4 kcal/ 3
Brazil Pilates Protocol: mat Pilates heart rate session
26.3 + 3.9 years Set x reps: 1x 10
BMI not Interval: none
reported Session duration: 45 min to
60 min
10 sessions (8 familiarization Protocol 1 (Mat
and 2 experimental) Pilates): 95 +
15 exercises in total (4 2.81 kcal/session
stretches; 5 lumbopelvic (1.93 + 0.26 kcal/
stabilization; 4 core Estimated min)
) trengthening; 2 joint by oxygen Protocol
18 physically ° mobilization) consumpti :
o i ption 2 (Reformer):
Andrade etal. '"gg‘?‘;"y“:;g:" Protocol 1: mat Pilates (V02)  130:247kcall 3
21 +‘3 kg/m2 Set x reps: 1x 10 assessed by session (2.59 +
- Interval between sets: 2 min portable gas 0.53 kcal/min)
Session duration: 90 min analyzer Significantly
Protocol 2: reformer apparatus (p <0.05)
Setxreps: 1x10 higher energy
Interval: 2 min expenditure of
Session duration: 90 min Protocol 2
8 sessions (5 familiarization and
3 experimental):
12 exercises in total (3 .
lumbopelvic stabilization; 6 core I;BO;OEN 1: 64'.5 =
I .7 keal/session
strengthening; 2 joint Protocol 2: 72.5 +
mobilization; 1 body posture) Esti e
. Protocol 1: mat Pilates stimated 9.7 kcal/session
33 physically Set x reps: 1 x 10 by oxygen Protocol 3:
Almeida et al. 20 inactive women e e e 2wl consumption  142.9 + 14.3 keal/
Brazil 22.0 £ 3.3 years Session duration: ~ 33 sec (V02) S 3
22.0 + 3.6 kg/ Protocol 2: mat Pilates assessed by Energy
m2 Set x rebS' 1%20 portable gas expenditure
: analyzer of Protocol 3

Interval between series: 30 sec
Session duration: =~ 23 min
Protocol 3: mat Pilates
Sets x reps: 3 x 12
Interval between series: 30 sec
Session duration: ~ 49 min

significantly (p <
0.05) higher than
Protocols 1 and 2
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DISCUSSION

This systematic review study aimed to verify the energy expenditure during
a session of Pilates exercises. In total, seven different types of protocols were
tested. In raw values, what demonstrated to generate greater energy expenditure
(213.71 + 76.41 kcal) was performed by practitioners experienced with the
technique, for at least one year, in mat Pilates exercises, with a number of sets
and traditional repetitions (1 x 10), however, with no rest interval between
series, in sessions of 45-60 minutes'®. However, proportionally considering the
duration of the session, the study by Silva et al."” was the one that observed
the highest energy expenditure, with 208 kcal in a session of approximately 30
minutes. Even if in a limited way, when we extrapolate this value to a 60-minute
session, the energy expenditure would be greater than 400 kcal.

In this case, to meet the ACSM recommendations of 1,000 kcal/week, three
weekly sessions would be necessary, while when considering the values obtained
by the study by Santo et al.”¥, five weekly sessions would be required, which in
this case is not common for Pilates practitioners, who typically perform sessions
2 to 3 times a week?'. In the other five protocols tested'”?’ (energy expenditure
was lower, ranging from 64.5 to 142.9 kcal/session, demonstrating that in many
cases, Pilates practitioners must complement their weekly exercise routine with
other activities, to reach the 1,000 kcal suggested by ACSM.

This important variation in the total energy expenditure observed in a single
Pilates session between different studies can apparently be explained by some
factors. The first refers to the adopted protocol. It is observed that the main factor
to determine the energy expenditure seems to be the interval between the sets.

17,18,20

Protocols that adopted a rest time of a maximum of one minute generated

greater energy expenditure than those that used a two-minute interval'”.
According to Thornton and Potteiger”” the decrease in the rest interval leads
to an increase in the intensity of the exercise, since a smaller recovery between
series causes greater stress produced by the exercise.

This premise has already been observed in studies involving different exercise
modalities. In the study by Haltom et al.** a higher energy expenditure was
verified in healthy men who performed circuit training with a rest interval of 20
seconds, compared to the same protocol respecting 60 seconds of rest between
sets. In addition, the authors observed a significantly higher post-exercise oxygen
consumption in the protocol with a shorter rest interval. Ratamess et al.”!
observed similar results when evaluating the energy expenditure in exercises
performed with the naval rope in participants of both sexes submitted to two
exercise protocols, which differed only by the rest time between series (1 min
vs. 2 min).

Another factor related to the intervention protocol concerns Pilates being
applied with apparatus vs mat. Silva et al.'” was the only one that tested the
protocol using different Pilates apparatus, such as the Lader Barrel, Cadillac,
Wall-Unit, Reformer and Step-Chair, being the study that proportionally found
the highest energy expenditure. Furthermore, Andrade et al."”” when comparing
the same protocol of mat Pilates exercises vs on the Reformer apparatus, found
a significantly higher energy expenditure for the protocol performed on the
apparatus (130 vs 95 kcal/session). Possibly, the higher energy expenditure
tound in the Pilates exercise protocol performed on apparatus is due to the
possibility of better adjustment of the training load'”. In Pilates apparatus, the
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springs progressively increase the resistance torque as it is extended during the
exercise, which does not occur in mat Pilates, in which only the body weight
offers resistance during the exercises® ’.

This particularity of Pilates, of performing exercises on equipment or just
using a gym mat, makes it difficult to compare with other modalities, since
in mat Pilates, typically, no load is added beyond body weight. In the study
by Benito et al.” for example, three different circuit exercise modalities were
compared (free weights; strength machines; combined training). Machine
training had the lowest energy expenditure when compared to other activities,
however, in other modalities, external loads were added, that is, training did
not occur only with the practitioner’s body weight. Likewise, Abreu”’, when
comparing three different types of training (combined training; resistance
training; indoor cycling) found that combined training had the highest energy
expenditure’. In this sense, the possible lower energy expenditure observed in
mat Pilates sessions may be linked to the non-use of load. This can eventually
be adjusted, using elastic bands or other accessories that generate resistance,
which can be tested in future studies.

In addition, we must take into account that the measures of energy expenditure
occurred, in all studies, by aerobic methods (oxygen consumption and heart rate),
which may have generated an underestimation of the values found. According
to Scott?®, in exercises with anaerobic characteristics, forms of evaluation
through oxygen consumption may not be the most adequate. This is because,
in evaluations of energy expenditure through estimates of values provided by
respiratory quotient, analysis occurs by the amount of oxygen consumed and
carbon dioxide produced” . Resistance exercise is an intermittent activity that
involves anaerobic metabolic pathways for energy production, that is, it uses
glucose and phosphocreatine stores to produce adenosine triphosphate (ATP)
during short and intense periods, instead of oxygen®.

In resistance training, due to the intensity of the exercises, there is a limitation
of the absorption of oxygen by the musculature during the activity, increasing
the metabolic stress, leading to dependence on the anaerobic metabolism™. This
leads, for example, to a greater increase in the need for energy in the moments
after performing the activity™. In this sense, when carrying out an evaluation
only at the time of the training session, the values of energy expenditure can
be underestimated, since there is an important demand for excess oxygen, in
the period of recovery from resistance exercise’. In the studies included in
this review, there was no observation of energy expenditure after the training
session, which should be considered when interpreting the results.

In this sense, when evaluating the energy expenditure in exercises with
anaerobic characteristics such as Pilates, it is also necessary to evaluate the post-
exercise moment, so that there is no possibility of underestimating the potential
of the activity. Scott”® and Lyristakis et al.” recommend that for estimates of
energy expenditure in anaerobic activities, measurements of blood lactate are
used and also, evaluation of excess oxygen consumption after exercise. Of the
studies included in this review, only one carried out blood lactate measurements
during the Pilates session'’ not observing significant differences for this variable
between the mat session vs apparatus, which may indicate, in this case, that the
contribution of anaerobic pathways may not differ between the two forms of
application of the technique.
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Another factor to be highlighted is the fact that Pilates exercises are part of
exercises that emphasize the body-mind relationship, which leads to greater
concentration and fluidity in the execution of movements, as well as slower
execution'”*. According to Mazzetti et al.”’ the execution speed of the movements
directly influences the energy expenditure, with slower exercises providing a
lower energy expenditure, when compared to faster execution exercises. The
speed of execution of the exercises was not reported by the studies in this review,
which could help to interpret how much this variable can influence the energy
expenditure during a Pilates session. In general, Pilates exercises are performed
in a slow and controlled manner''. With that, it becomes important that future
studies report the execution speed of Pilates exercises.

The present study stands out for summarizing the literature regarding energy
expenditure during a single Pilates session, which may be important for the
definition of intervention protocols by physical exercise professionals. We extend
the search to the main databases and do not restrict the inclusion of reports,
such as by language or date of publication. However, some limitations should
be highlighted, mainly due to the information available within the included
studies: a) all studies were produced in a single geographic region (Brazil),
requiring studies in other locations; b) only young adults were observed, knowing
that most Pilates practitioners are middle-aged and older people; c) only a
tew Pilates protocol possibilities were observed, due to the small number of
included studies; d) there was no observation of excess energy expenditure after
exercise, an important factor when considering activities with predominantly
anaerobic characteristics. Future studies should observe these limitations and try
to overcome them, in order to better explain the energy expenditure provided
by Pilates exercises in different intervention conditions.

CONCLUSION

In order to meet the ACSM recommendations of 1,000 kcal/week, Pilates
practitioners should perform, as a priority, exercises on equipment, in 60-minute
sessions, at least three times a week, with a number of repetitions ranging from
10 to 15 and rest time between sets of no more than one minute. Other forms
of Pilates application can be considered, however, to reach the recommendations
of 1,000 kcal/week, the weekly frequency must be increased or other forms of
physical exercise can be used to complement the Pilates exercises.
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