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INTRODUCTION

6a. Background and rationale

Stretching exercises are widely used in training routines, typically preceding or following
main exercise practice, whether the objective is related to rehabilitation [1] or physical
conditioning [2], also aiming at improving performance in subsequent exercises involving
musculoskeletal fitness [3]. In addition, stretching is considered the main exercise to gain
flexibility [4], although resistance training alone can promote increased flexibility [5].
However, the performance of stretching exercises, preceding muscle strengthening
exercises, has been questioned in the literature over the last few years [6—8], which
evidently can generate doubts in the definition of intervention protocols for the most
diverse objectives.

For example, even considering that static stretching or techniques such as proprioceptive
neuromuscular facilitation are effective for improving flexibility, studies show that
performing these forms of stretching, preceding muscle strengthening training, can
generate a significantly lower gain in strength, power and muscular resistance when
compared to its nonperformance [9-11]. On the other hand, the literature has noted that
dynamic stretching does not seem to impair the subsequent development of these
components of musculoskeletal fitness and may, in some cases, enhance its gain [12, 13].
However, most studies within this theme involve acute interventions, which may not
reflect long-term effects [14]. Furthermore, some forms of stretching have not been
investigated, such as the stretching exercises used in the practice of Pilates, which despite
having a dynamic characteristic, are performed at a slow pace, following principles such
as concentration, breathing, control, precision, centralization and fluidity [15].

It is common in Pilates protocols for stretching exercises to be performed at the beginning
of the session, preceding muscle strengthening exercises [16—18]. However, how this
impacts a possible harm or benefit in the development of variables such as strength, power
and muscular endurance is unknown. Pilates is a technique used both in cases of
rehabilitation and for physical conditioning, involving stretching exercises and muscle
strengthening [15, 19]. The popularity of the technique has increased; however, scientific
research is still in its infancy. In the USA, for example, between 2010 and 2021, an



average of 10 million Pilates practitioners were registered per year [20]. In Brazil, when
grouped alongside yoga, gymnastics and stretching, it is characterized as the sixth most
practiced physical activity [21].

Understanding the impact of stretching exercises used in Pilates on components of
musculoskeletal fitness can help physical exercise professionals define intervention
protocols, whether aimed at rehabilitation or physical conditioning.

6b. In order to be able to detect the influence of Pilates exercise stretching on
musculoskeletal fitness components, it is necessary to adopt as a comparator a group that
performs the same activities as the experimental group, however, without the addition of
stretching exercises.

7. Objectives

To verify the effects of Pilates stretching exercises performed at the beginning of sessions
on flexibility, strength, power and muscular endurance.

8. Trial design

Randomized and controlled clinical trial.

METHODS: PARTICIPANTS, INTERVENTIONS, AND OUTCOMES

9. Study setting:

Center for Health Sciences at the Universidade Estadual do Norte do Parana, Brazil.

10. Eligibility criteria:
Inclusion Criteria

e ages between 18 and 45 years

e normoweights (body mass index between 18.5 to 24.9 kg/m?)

e not be participating in physical exercise programs for at least six months

e be healthy, according to the Physical Activity Readiness Questionnaire

e not report any medical restrictions for physical exercise

¢ 1o history of injury, trauma or illness within the last six months

e not having undergone previous surgery in the last six months

e not have musculoskeletal, cardiorespiratory and neurological disorders that
prevent the performance of assessment and intervention protocols

e not be under the action of medications that cause muscle relaxation or that can
inhibit muscle tonic action

e not use food supplements or anabolic steroids



e not being on a calorie-restricted diet
Exclusion Criteria

e start practicing another type of physical exercise during the study period

e not being able to perform the pre-intervention assessment or the intervention
exercise protocol

e cmergence of lesions that do not allow the continuity of interventions

e withdraw from participating in the study

11. Interventions

11a. Intervention 1 — Traditional Pilates: This group will perform a traditional Pilates
session, which consists of stretching exercises, followed by exercises to strengthen the
core (trunk flexors and extensors), lower limbs and upper limbs. The total duration of the
intervention in this group should be approximately 50 minutes.

Intervention 2 — Pilates without stretching: This group will conduct a non-traditional
Pilates session. This is because stretching exercises will be excluded. The muscle
strengthening exercises will be the same as in the TP group, so that it is possible to discuss
the influence of the inclusion/exclusion of stretching for the considered outcomes. The
total duration of the intervention in this group should be approximately 35 minutes.

11b. a participant must discontinue the intervention when at his own request (personal
reasons), or due to any health problem that makes its continuity unfeasible (eg appearance
of injury).

11c. adherence monitoring will occur through an attendance/absence form.

11d. all participants will be instructed to maintain their usual routine, especially with
regard to physical activity and eating habits.

12. Outcomes

e (Change in muscle strength of knee extensors and flexors [Time Frame: Pre
(baseline) and post-intervention assessment (after 8-weeks)]. Assessment of
muscle strength with elastic resistance

e Change in strength/endurance by 1-minute sit-up test [Time Frame: Pre (baseline)
and post-intervention assessment (after 8-weeks)]. Assessment of abdominal
muscle strength/endurance in 1-minute

e Change in muscle strength by handgrip test using hand dynamometer [Time
Frame: Pre (baseline) and post-intervention assessment (after 8-weeks)].
Assessment of handgrip muscle strength

e Change in the muscular resistance of the trunk extensors by the Sorensen test
[Time Frame: Pre (baseline) and post-intervention assessment (after 8-weeks)].
Assessment of the muscular resistance of the trunk extensors (Sorensen)



e Lower limb muscle power [Time Frame: Pre (baseline) and post-intervention
assessment (after 8-weeks)]. Assessment of lower limb muscle power by vertical
jump

e Flexibility [Time Frame: Pre (baseline) and post-intervention assessment (after 8-
weeks)]. Flexibility assessment by the sit-and-reach test

o Affective valence [Time Frame: The scale will be applied at the end of each
exercise session, over the 8 weeks, 3x a week, thus totaling 24 assessments
throughout the study.]. Assessment of affective valence by the Feeling Scale. It
ranges from +5 (very good) to -5 (very bad). Positive values represent pleasure,
while negative values represent displeasure.

13. Participant timeline

Registration will remain open until the sample size is reached. Next, a week will be
reserved for the initial assessments (pre-intervention), followed by eight weeks of
intervention. Finally, in the following week, the final evaluations (post-intervention) will
be carried out.

14. Sample size

The sample calculation was performed using the Bioestat 5.3 program (Instituto
Mamiraua, Amazonas, Brazil), taking into account the muscle strength values of the lower
limbs available in a previous study [22]. In this case, the postintervention mean and
standard deviation for muscle strength of the lower limb evaluated by the 10-RM test (kg)
in the Leg Press between the group "dynamic stretching combined with resistance
training" (337.1 + 37.29) vs the group "resistance training alone" (374.3 + 32.07) was
used, with test power at 80% and alpha value at 0.05, which generated the need for at
least 16 participants in each group, already considering an additional 15%, to avoid a
decrease in statistical power in case of sample loss.

15. Recruitment

Recruitment should occur mainly through disclosure on social media (internet).

METHODS: ASSIGNMENT OF INTERVENTIONS (FOR CONTROLLED
TRIALS)

16. Allocation

16a. Sequence generation: The randomization process will be carried out by a blinded
researcher who is not part of the study team. Random numbers will be generated by online
software (randomization.com), which will distribute participants into two groups of equal
size (1:1).



16b. Allocation concealment mechanism

The same researcher who performed the randomization process will seal the opaque
envelopes containing the group that each participant will be allocated and deliver to the
main researcher.

16¢. Implementation

The sequence of allocation and enrollment of participants will be done by an independent
researcher and the assignment of participants to interventions will be done by the main
researcher.

17. Blinding (masking)

17a. As this is a clinical trial involving physical exercise, it will not be possible to blind
participants and therapists. Only the rater is expected to be blind.

17b. To test whether the evaluator was really blind, the main researcher should question
the evaluator after the evaluations regarding the allocation of each participant.

METHODS: DATA COLLECTION, MANAGEMENT, AND ANALYSIS

18. Data collection methods

18a. Data collection will be carried out by an experienced evaluator, a professional with
a degree in Physiotherapy and Physical Education. The tests performed and their
measurement properties are described below:

Muscle strength of the knee extensors and flexors — It will be evaluated using elastic bands
(Thera Band GmbH, Hadamar, Germany) as previously described [23]. Participants will
be tested on their dominant side. After a 10-minute warm-up on a cycle ergometer (60
rpm, 80 W), participants will be positioned on the seat of a standardized chair. Participants
will be asked to perform the maximum number of repetitions with an elastic band of
intermediate resistance (black color). If they managed to perform 11 repetitions, an elastic
band of greater resistance will be selected for the next attempt. This procedure will be
repeated (maximum of 5 attempts with 5 minutes of rest between attempts) until the
participant is able to perform 10 or fewer repetitions. The following prediction equation
will be used: 1-RM = resistance in kg/(1.0278 — [0.0278 x reps]) [24]. This test
demonstrated high validity against concentric peak torque measured by an isokinetic
dynamometer (r = 0.93) and test-retest reliability (ICC > 0.98, CV[%] < 3.44) [23].

Vertical jump — The countermovement jump test (sargent jump) will be used as an
indicator of lower limb muscle power. The objective of the test will be to verify the
highest height at the peak of the vertical jump, measuring two points marked on the wall
by the participant himself, with the fingers of one of the chalk-stained hands: (1) the initial
measurement will be obtained with the participant standing and erect, keeping the
dominant arm extended parallel and above the head, marking the wall with chalk as high



as possible, keeping the soles of the feet completely in contact with the ground; (2) the
second measurement will be obtained with the participant touching the wall with the
fingers of the hand as high as possible during the peak of the vertical jump. Three attempts
will be allowed with a two-minute interval between them, with the highest value in
centimeters being recorded among the three attempts. This test demonstrated high validity
(r=10.99) and test-retest reliability (r = 0.99) [25].

Handgrip strength — To determine handgrip strength, a digital hydraulic dynamometer
(Saechan SH1001) will be used. The participant must be seated, with the spine erect and
the knees flexed at 90°. The dominant upper limb tested will be positioned with the
shoulder in adduction and neutral rotation, wrist in neutral position and elbow at a 90°
angle. Participants will be instructed to perform three repetitions of maximum contraction
maintained for five seconds, with a 60-second interval between each repetition. The
maximum voluntary contraction will be determined by the highest value obtained in the
three attempts. This instrument demonstrated excellent validity (r > 0.97) and test-retest
reliability (r > 0.98) [26].

Abdominal muscle endurance — To assess abdominal muscle endurance, the 1-minute sit-
up test will be performed. In dorsal decubitus, the participant should flex the knees,
keeping the soles of the feet in contact with the ground, with the feet apart at a distance
identical to the width of the hips. Her arms should be crossed over her chest. The evaluator
will place his hands on the participant's feet to keep them in permanent contact with the
ground. At the signal emitted by the evaluator, the participant will raise the torso until the
anterior face of the forearms comes into contact with the thighs, immediately returning to
the initial position, with contact of at least the anterior half of the scapulae on the ground.
These movements should be repeated over one minute. The objective of the test will be
to try to perform as many executions as possible in the stipulated time. This test
demonstrated high test-retest reliability (ICC = 0.91) [27].

Muscular resistance of the trunk extensors — To assess the muscular resistance of the trunk
extensors, the Sorensen test will be used. The participant must be in ventral decubitus
with the lower extremity of the body attached to a stretcher, with the region of the anterior
superior iliac crest demarcating the final point of support. Before starting the test, the
participant will be allowed to support the upper extremity of the body, located outside the
stretcher, on a chair. The test will start when the participant raises the trunk and remains
without touching the chair, with arms crossed in front of the chest, and keeping the trunk
parallel to the ground as long as possible. The test will be stopped when the participant is
unable to sustain the position or is prompted more than 2 times to align the trunk and
maintain the neutral position. This test demonstrated moderate to high test-retest
reliability in healthy adults (ICC > 0.76 < 0.97) [28].

Flexibility — To assess the flexibility of the posterior region of the body, the sit-and-reach
test with the Wells bench will be used. The participant must sit facing the bench, with
bare feet, knees extended and soles of the feet in contact with the bench. The participant
should extend her arms over the surface of the bench, with her hands positioned one over
the other, coinciding with the tip of her middle fingers. Anterior trunk flexion will be
requested, keeping the arms extended and the hand touching the measurement scale,
trying to reach the greatest possible distance in a slow movement and without jerks. For



the purpose of the final result of the test, the greatest distance achieved in the series of
three attempts will be computed. This test demonstrated high test-retest reliability (r =
0.98) [29].

Affective valence — Assessment of affective valence will be performed by the Feeling
Scale, which ranges from +5 (very good) to -5 (very bad). Positive values represent
pleasure, while negative values represent displeasure. The answers will always be
collected at the end of the exercise sessions. The adapted version of this scale for the
Brazilian population showed high reproducibility (ICC = 0.64) [30].

18b. All randomized participants will be evaluated post-intervention considering the
group to which they were initially allocated. All initially randomized participants will be
analyzed post-intervention. An intention-to-treat analysis is therefore planned.

19. Data management

After the evaluations, the data will be tabulated and treated statistically by a researcher
experienced in data analysis. To avoid possible errors, a second researcher should check
the tabulated data and replicate the analyses.

20. Statistical methods

20a. Aiming at greater robustness and precision in data analysis, analysis of co-variance
(ANCOVA) is planned, with baseline data used as co-variables, so that, strictly speaking,
the effective differences between the groups in the post-intervention period are compared.

20b. In order to demonstrate the effects of the intervention considering only the subjects
who completed the protocol, an analysis per protocol is also foreseen, even if in a
secondary way.

20c. For the main analyses, performed on an intention-to-treat basis, imputations are
anticipated for participants who do not complete interventions. In this case, data from the
initial assessment (pre-intervention) will be replicated in the final assessment (post-
intervention).

METHODS: MONITORING

21. Data monitoring
21a. For the present study, a data monitoring committee is not foreseen.

21b. No interim analysis is foreseen.

22. Harms

In all sessions, participants will be asked about the possible occurrence of adverse events.



23. Auditing

No audit is planned for this study.

ETHICS AND DISSEMINATION

24. Research ethics approval

The ethical norms established in the Declaration of Helsinki (1975, revised in 1983) were
followed, and the study was approved by the Human Research Ethics Committee of the
Universidade Estadual do Norte do Parana, Brazil, before its beginning under the opinion
number 5.548.126.

25. Protocol amendments

Any need to change the study protocol should be done via clinicaltrials.gov, which
maintains an online record of changes that can be accessed by anyone.

26. Consent or assent

26a. The principal investigator will obtain informed consent from each participant. For
this, he should explain in clear language all aspects of the study, such as: evaluation
measures, intervention procedures, risks and benefits. In addition, a Consent Term
approved by the Ethics Committee that approved the study must be read by the
participant, who must sign the document if he/she wishes to participate in the study.

26b. If it is necessary to use the image of a person demonstrating the exercises of the
intervention protocol, an informed consent will also be required specifically for this

purpose.

27. Confidentiality

No personal data of participants will be kept in the study's digital databases. From the
randomization process, the participants will be numbered and for purposes of data
tabulation and analysis only these numbers will be used.

28. Declaration of interests

The study researchers declare that there are no conflicts of interest to declare for this
work.



29. Access to data

The final data of the study were under the custody of the main researcher, who can provide
access upon a formal request.

30. Ancillary and post-trial care

According to the project approved by the Ethics Committee, if any participant suffers
damage as a result of the study (eg injury), he will receive free treatment until he
improves.

31. Dissemination policy

31a. The results of the study should be published in a scientific journal (preferably with
open access), in order to give a wide coverage to the findings.

31b. Eligibility for authorship will be defined according to the recommendations of the
International Committee of Medical Journal Editors (ICMIJE).

31c. Data referring to the protocol can be accessed via clinicaltrials.gov, while the
spreadsheet containing data from pre- and post-intervention evaluations, as well as the
statistical code, can be requested directly from the main researcher.

APPENDICES

32. Appendix to this protocol we forward the consent form approved by the local Ethics
Committee.

33. No collection, laboratory evaluation, and storage of biological specimens for genetic
or molecular analysis is applicable to this study.
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APPENDIX. Term of Free and Informed Consent

Research title: Effects of stretching in a fitness program based on Pilates exercises on
flexibility, strength, endurance and muscle power: a randomized clinical trial

You are being invited to participate, as a participant, in a survey. Please read what follows
carefully and ask me any questions you may have. After being clarified about the following
information, if you agree to take part in this study, sign at the end of this document and initial
the first page. The document will be signed in duplicate. One copy belongs to you and the other
to the responsible researcher. In case of refusal you will not suffer any penalty.

- This is a research developed under the responsibility of the researcher Alex Lopes dos Reis, who
is under the supervision/guidance of the main researcher Raphael Gongalves de Oliveira, from
the State University of Northern Parana - Health Sciences Center - UENP.

- The objective of this work is to verify the effects of stretching in a physical conditioning program
based on Pilates exercises for 8 weeks on flexibility, strength, resistance and muscular power.
Pilates exercises are composed of exercises for stretching and strengthening the body's
musculature and are usually performed on equipment characteristic of the method, namely:
Combo chair, Cadillac trapeze, Reformer, Ladder Barrel. Stretching exercises are usually
performed at the beginning of the session, in a dynamic way, that is, repetitions of the same
movement are performed up to the limit of the range of motion available, with support from the
segment to be worked on the surface of the equipment to maintain balance during execution.
Strengthening exercises are performed with the aid of springs that offer resistance to the exercises.
Pilates exercises can increase the flexibility and strength of your muscles, improving your quality
of life, especially in the face of everyday activities.

- By participating in this work, you will be contributing to identify how the stretching exercises
performed initially in Pilates sessions affect people's physical capacities, which will help
professionals who work with this type of exercise to plan sessions according to the objective to
be prioritized, in addition to being able to obtain the following benefits for your health: a) increase
in muscle strength; b) increase in muscle stretching, improving range of motion.

- At the beginning and at the end of the study you will undergo physical tests to assess your
flexibility, strength, endurance and muscle power. At the end of each session you will answer
questions about your level of satisfaction and perceived effort.

- Interventions with Pilates exercises will take place three times a week, with each session lasting
50 minutes maximum, over 8 weeks. For your safety, all evaluation and intervention procedures
adopted in this study will follow international recommendations.

- Two different types of intervention will be carried out, one of which consists of stretching and
muscle strengthening exercises and the other only of muscle strengthening exercises. To find out
which intervention you will participate in, a raftle will be held.

- The procedures to which you will be submitted will not cause moral, financial or religious
damage.

- In order to participate in this study, you must meet the following criteria: a) be between 18 and
45 years old; (b) have a body mass index (BMI) between 18.5 and 24.9 kg/m2; (c) not
participating in physical exercise programs for at least six months; (d) being healthy, according
to the Physical Activity Readiness Questionnaire (PAR-Q) (THOMAS; SHEPHARD, 1992); (e)
not reporting any medical restrictions on physical exercise; (f) have no history of injury, trauma
or illness in the last six months; (g) not having undergone previous surgery in the last six months;
(h) not having musculoskeletal, cardiorespiratory and neurological disorders that prevent the
performance of evaluation and intervention protocols; (i) not being under the action of drugs that



cause muscle relaxation or that may inhibit muscle tonic action; (j) not to use dietary supplements
or anabolic steroids; (k) not being on a calorie-restricted diet.

- If you experience any discomfort during the study, such as pain in any part of the body, dizziness
or cramps for three consecutive interventions or in one third of interventions within the same
month, you must leave the project as a safety measure for your health.

- During evaluations and interventions, there may be risks of pain or discomfort in some region
of the body, or another bodily injury. If this happens, the team of professionals will provide you
with immediate care, with the application of ice to the injury site, in addition to calling the Mobile
Emergency Care Service (SAMU). If you need treatment for an injury as a result of this study,
you will be treated until you get better at no cost.

- You will not be remunerated for participating in this study, nor will you have any expenses. If
you have any expenses, you will be reimbursed for all costs related to your participation in this
research;

- You can stop participating in the study at any time, without any prejudice to you.

- As a result of the study, if you feel aggrieved, you may request compensation as provided by
law.

- Your name will not be disclosed anywhere, maintaining your privacy.

- At the end of the study you will have access to the results of all tests (tests to verify flexibility,
tests of strength, resistance and muscular power and results of affective valence).

- At the end of the study, you will have the right to participate in the intervention that presents the
best results regarding the physical capacities studied.

- If you wish, you will be informed about the general results of this survey.

- Any questions or requests for clarifications, you can contact the supervisor responsible for the
project: Prof. doctor Raphael Gongalves de Oliveira, telephone (43) 9 9641-7628, or (43) 3511-
2628, Health Sciences Center, Alameda Padre Magno, 841, Nova Alcantara, Jacarezinho-PR.

- For complaints and/or complaints regarding the ethical aspects of the research, contact the UENP
Ethics Committee: CEP/UENP. Address: Rod. BR 369, Km 54, PO Box 261 - Bandeirantes-PR
CEP 86360-000. Phone (43) 3542-8056.

“In view of the clarifications provided, I (participant's
name) , born on
date / / , [ accept and agree to participate in the study 'Effects of

stretching in a physical conditioning program based on Pilates exercises on flexibility, strength,
endurance and muscle power: a randomized clinical trial', as a participant”.

Volunteer's Full Name Signature Date

I

Responsible Researcher's full name Signature Date
I




