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Abstract: Despite its positive impact on physical and mental well-being, adults may refrain from
performing regular physical activity, due to inadequate time, accessibility, or funds. Yet remote
platforms could overcome such obstacles and increase participation. This study evaluated the
effectiveness of remote-synchronous group-Pilates classes compared to in-studio classes in healthy
sedentary women. In a randomized controlled design, 40 women, aged 20-45, were assigned to
a Zoom or studio group-Pilates training. The intervention included twice-weekly 45 min sessions
over an eight-week period. Attendance (adherence) was recorded, and the participants completed
physical motor tests (plank, curl-up, stork, push-up, and V-sit and reach), Profile of Mood State
Surveys, and Nordic Musculoskeletal Pain Questionnaires. Evaluations were performed at baseline,
mid-intervention (4 weeks), and post intervention (8 weeks). Adherence to training was high in
the Zoom and studio groups (80% and 74%, respectively). Improvements in physical motor tests
were seen in both groups following the Pilates interventions, thereby indicating the effectiveness of
group-Pilates Zoom training. In conclusion, remote online physical activity such as Pilates offers
a good alternative to in-studio trainings, as a means for improving physical fitness and promoting
a healthy lifestyle in adults, by offering a more accessible and less timely alternative to in-studio
physical activity programs.

Keywords: Zoom; physical activity; sedentary; plank; balance; COVID-19

1. Introduction

Performing physical activity on a regular basis is known to improve physical and
mental health and well-being, while increasing longevity rates worldwide [1,2]. As such,
the World Health Organization (WHO) recommends performing strengthening activities
that involve all major muscle groups, at a moderate-to-high intensity and at least twice
a week—in addition to balance training at least once a week [3]. Yet about 31% of adults
worldwide have been reported to be insufficiently active [4].

Pilates is a popular modality of physical activity, aimed at improving physical fitness
by strengthening muscles and increasing core stability, balance, and flexibility [5-8]. In
addition to its positive effects on physical fitness, Pilates has been shown to reduce resting
heart rate (HR) [9] and blood pressure in hypertensive patients [10], to improve mood [11],
and decrease musculoskeletal pain [12,13]. Gladwell et al. presented a decrease in self-
reported pain following six weeks of Pilates training in people with chronic back pain
(using the Oswestry Questionnaire) [14], which is an increasingly prevalent issue among
female adults [15]. Yet although most studies focus on back pain, Pilates training was also
shown to have positive effects on shoulder pain [16] and knee pain [17].

However, despite the many advantages of physical activity, large numbers of adults
are still not active enough to meet the recommended guidelines [18]. Refraining from
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physical activity participation has been shown to stem from a range of factors, such as
inadequate accessibility to facilities, a lack of convenient transportation, insufficient spare
time, and high costs [19-22]. Moreover, studies indicate that women are more likely to
be inactive and report insufficient spare time compared to men, mainly due to family
caregiving responsibilities [23].

In recent years, new modalities for performing physical activity training from a
remote location have emerged and can now be conducted via pre-recorded online videos
or synchronous video-conferencing platforms such as Zoom™. Such technology-based
remote physical activity training options have several advantages, and could help overcome
barriers regarding physical activity participation. The main advantage is their ease of use
and accessibility, as they can be performed at any location. A survey conducted during the
COVID-19 pandemic showed the feasibility of video training at home, indicated in an 18%
increase in new female users in pre-recorded videos or synchronized training, compared
to before the pandemic [24]. Moreover, pre-recorded video training that was performed
at home was shown to improve physical activity participation in older adults, despite the
technological challenges that this population tended to encounter when doing so [25].

An additional advantage of remote physical activity training classes relates to financial
savings, which can be seen for both studio owners and participants. For the former,
providing online training reduces expenses related to the operating of the training studio
or gym (e.g., rental costs, staff wages, and equipment acquisition and maintenance). In
turn, this could lower the costs of online classes compared to face-to-face ones, for the
benefit of the latter. Moreover, Internet-based training, compared to having to physically
travel to a sports center, has been suggested to decrease physical, financial, and mental
burdens for patients in general, and for those with a range of musculoskeletal disorders
in particular [26]. As such, lowering the cost of physical activity training is an important
means for motivating people to participate in organized physical activity training [27].

However, despite these advantages, performing physical activity through a remote
online platform may have several disadvantages, such as technological feasibility; the
lack of a face-to-face instructor (especially with pre-recorded videos), who can monitor
and correct the participants, and clearly demonstrate the exercises; and the lack of social
interactions with other participants, which could be a motivating factor for some potential
participants [28,29]. Indeed, research indicates that the physical presence of an instructor
increases participation in physical activity [28].

Besides the role of the instructors in increasing participation in physical activity, their
presence may also positively impact the extent of physical effort exerted during the exercise
session. Indeed, a comparison of in-studio training and online video training showed that
participants exerted greater physical effort during the former (indicated by the number
of sedentary minutes and moderate-to-vigorous minutes per exercise activity) [27]. In
addition, participants in pre-recorded exercise training videos exhibited higher HR, energy
expenditure, and rate of perceived exertion (RPE), suggesting that participants make greater
effort in face-to-face studio sessions [30].

Despite these disadvantages, remote exercise training sessions such as Pilates may
have the potential of increasing physical activity participation. It is therefore important to
compare remote Pilates training to in-studio classes, while evaluating their effect on im-
proving emotional well-being and physical fitness, as well as additional expected outcomes,
such as reduced musculoskeletal pain. The aim of this study, therefore, was to evaluate the
effectiveness of group mat-Pilates training conducted synchronously via Zoom, compared
to the same training conducted in a studio, in healthy sedentary women.

2. Materials and Methods
2.1. Participants

The participants included 40 sedentary, non-physically active, healthy women that were
recruited through advertisements on social media. Participant age range was 20-45 years, the
average age = 30.45 £ 5.8 years; and average body mass index [BMI] = 22.8 £ 5.8. Most
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participants were single (80%), had no children (85%), and held full-time employment (87%).
Two inclusion criteria were implemented in this study: (1) women who had not participated
in physical activity on a regular basis over the past six months; and (2) women who did
not take medication on a regular basis (excluding birth control pills). Four exclusion
criteria were also implemented in this studying, including (1) women who were pregnant;
(2) women who reported having a chronic disease or injury; (3) women who planned to
change their diet or physical activity routine during the study intervention period; and
(4) women who were not approved by the physician during the evaluation session to take
part in this study.

2.2. Procedure

For this study, a randomized controlled intervention program was applied, compris-
ing twice-weekly group-Pilates training over an eight-week period. The research group
performed their Pilates training via the remote Zoom platform (San Jose, CA, USA), while
the control group performed the same type of physical activity in a studio. A schematic
presentation of study procedure is presented in Figure 1.

Assessed for eligibility (n=109)

Excluded (n=69 )

+ Not meeting inclusion criteria (n=19)
+ Declined to participate (n=17)

+ Other reasons (n=33)

v

Randomized (n= 40)

8 weeks of studio intervention

8 weeks of Zoom intervention

[ Allocation ]

>
L

Allocated to intervention (n= 20)
+ Received allocated intervention (n=20)
«+ Did not receive allocated intervention (n=0)

Allocated to intervention (n=20)
+ Received allocated intervention (n=20)
+ Did not receive allocated intervention (n= 0)

l [ Analysis ] l

Analyzed (n=19)

Excluded from analysis (n=1) Excluded from analysis (n=1)

Analyzed (n=19)

Figure 1. Consort chart of study procedure.

A randomized controlled design (stratified randomization) was conducted and counter-
balanced for physical ability, by rating the plank test results at the baseline [31]. In this
manner, the participant with the highest plank test result was randomly assigned to one of
the two groups, and the participant with the second highest result was then assigned to the
other group. This was then conducted for the third and fourth highest ranking participants
on this test, and so forth.

In addition, the participants were assessed for motor ability, mood, and pain at four
different time points: twice prior to the intervention, once four weeks into the intervention,
and eight weeks into the intervention. The period between the first and second assessments
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prior to the intervention served as a baseline non-intervention control period and for
evaluating the testing effect.

During the first evaluation session, the participants received an explanation about the
study by the physician, and were asked to sign a written informed consent form. They
then underwent a physical examination, conducted by a physician, who approved their
participation in the study. They also performed five physical motor tests and completed two
questionnaires: Profile of Mood State (POMS) and Nordic Musculoskeletal Pain (NMQ).
The participants were asked back for a second baseline evaluation about two weeks later.

2.3. Intervention

The intervention program included mat-Pilates group training that was conducted
via Zoom or in a studio, both types conducted by two female, certified, and experienced
Pilates instructors. Employing two instructors in this study, rather than just one, was
beneficial as it eliminated the impact of a specific instructor’s personality on the physical
activity participation and outcomes, as both instructors taught in both groups. Finally, it
is important to note that the Pilates instructors were blinded to the aim of the study, and
were only informed that the study strove to evaluate the impact of Pilates exercises on
physical fitness.

2.4. The Pilates Exercise Program

Both Pilates training programs (Zoom and in-studio) consisted of twice-weekly 45 min
sessions and followed the same exercise routines. While basic levels of Pilates were
performed during the first four weeks of the intervention, moderate levels of Pilates
were performed during the final four weeks, as a means for exposing the participants to
increasing levels of difficulty. Both instructors received the same guidelines regarding
the progression of the Pilates training, and were asked to pay attention to the capabilities
of each individual participant. This enabled the instructors to modify the intensity of a
given exercise to suit a participant’s capabilities, offering easier or more difficult variations
when needed, in turn enabling the participants to progress at their own pace. Finally,
the instructors were asked to place an emphasis on balance, flexibility, and core muscle
exercises, while continually providing feedback and motivating the participants throughout
the program.

2.5. The Zoom Exercise Group

For the synchronous Zoom sessions, the participants performed the exercises from the
comfort of their homes via their personal computer; throughout the session, the instructor
could communicate with them. Each participant could see herself and the instructor on
their computer screen; if they so desired, they could also observe the other participants.
Using the Zoom platform also enabled the instructor to see the name of each participant
throughout the session. The instructors watched the participants on a 40" television screen,
and were asked to pay attention to each individual participant, while providing both
general and personal feedback, as per the recommendations of Turolla et al. [32].

2.6. The Studio Exercise Group

The face-to-face sessions were conducted in a spacious fitness studio, with one of the
participating instructors. The instructors received the same guidelines for both Zoom and
in-studio training sessions.

2.6.1. Measurements

Personal information about each participant was gathered via a questionnaire that
included 11 items relating to the participant’s socio-demographic characteristics and health
status. The participants were also asked about their current participation in physical
activity, to ensure that the participants had not conducted physical activity on a regular
basis for the past six months. The questionnaire was completed through a phone call
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with one of the researchers, prior to the intervention program, at a date and time of the
participants” convenience.

Adherence to training: Attendance for each participant was documented by the
instructors at the beginning of each session, and then calculated as a percentage of all
16 sessions (i.e., the number of sessions attended /the total number of sessions x 100).

Anthropometric measurements: Three physical factors were measured for each par-
ticipant: (1) height was measured using a roll-up measuring tape with a wall attachment
(Seca, model 206), prior to the intervention; (2) weight was measured using digital scales
(Life, weight range: 2.5-180 kg) at all time points; and (3) resting HR was measured using
the Polar FT7 watch, after sitting on a chair for five minutes, and at the same time point as
the weight assessments.

Motor tests: Five motor tests were conducted (plank, curl-up, stork, push-up, and
V-sit and reach tests) at all time points. (1) The plank test is used to measure core muscular
strength and endurance [33]. In this study, the participants were asked to maintain the
plank position on a mat on the floor for as long as possible. The participants were instructed
to hold their body in a straight, push-up-like position, hips elevated, with the body’s weight
being supported by their elbows, forearms, and toes. The duration of maintaining this
plank position was timed using a stopwatch and then documented. (2) The curl-up test
is used to measure abdominal muscle strength [34]. In this study, the participants were
asked to lie on a mat on the floor in a supine position, knees bent, feet on the floor, arms
straight alongside the body, and hands pronated with straight fingers. The participants
were then asked to curl up and down as many times as possible throughout a one-minute
duration, while maintaining their heels and fingertips on the mat at all times. The number
of curl-up repetitions was recorded and documented by the instructor. (3) The stork test is
used to measure static balance and core stability [35]. In this study, the participants were
asked to stand on one (supporting) leg, with the foot of the other leg pressed against the
supporting knee, hands on hips. At the “go” signal, the participants were instructed to
raise their non-supporting leg off the floor and stand in the required position for as long
as possible. The test ended when their heel touched the ground, or when movement was
seen in the supporting foot, and the duration was recorded in seconds. (4) The push-up
test is used to measure upper-body muscular endurance strength [36]. In this study, the
participants were asked to perform a modified push-up test (with their knees on the floor)
as many times as possible during a one-minute duration. The number of repetitions was
recorded and documented by the instructor. Finally, (5) the V-sit and reach test is used
to measure posterior chain flexibility and trunk mobility (hamstring and back) [37]. In
this study, the participants sat on the floor with their legs in a V-shaped position of hip
width (approximately). A piece of tape was placed on the floor between their knees (23 cm
width), and the participants were asked to slowly bend forward as far as possible, to touch
the tape with their hands, and then remain in that position for approximately 2 s. The
reached distance was measured in cm, and the best attempt out of three was recorded and
documented by the instructor.

Profile of Mood State Questionnaire (POMS): This questionnaire measures a person’s
mood state on a given day [38]. The questionnaire was comprised of 28 items rated on a
Likert-like scale, ranging from 0 (not at all) to 5 (very true). The items were divided into the
following five sub-domains: (1) vigor (items 5,7, 9, 17, 24, 26, and 27); (2) fatigue (items 3,
12,18, 23, and 28); (3) tension (items 1, 10, and 19); (4) depression (items 4, 8, 11, 15, 16, 21,
and 22); and (5) anger (items 2, 6, 13, 14, 20, and 25). To calculate the score, the ratings for
each domain were summed up. In the vigor domain, higher scores indicate a better mood,
while for all other domains, higher scores indicate a worse mood. This questionnaire was
completed by the participants at all time points.

Nordic Musculoskeletal Questionnaire (NMQ): This questionnaire assesses muscu-
loskeletal pain symptoms in different body regions, based on 28 multiple-choice questions
that comprise two well-differentiated parts. The general section addresses symptoms in
nine parts of the body (neck, shoulders, elbows, wrists/hands, upper back, lower back,
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hip/thighs, knees, and ankles/feet) over the previous 12 months/7 days [39]. The second
part refers to symptoms in the lower back (0 = no pain; 1 = pain). The questionnaire was
completed at all time points. An extended version of the NMQ has been validated in He-
brew, and is frequently used for practical evaluations in physiotherapy treatment [40]. After
analyzing the NMQ), and since no indication was seen for a dominant anatomical location
of pain among the participants, analyses were performed regardless of pain location.

Feeling scale (FS): This scale measures affective responses, pleasure, and satisfaction
after a training session. At the end of each session, both groups of participants were asked
to access a dedicated mobile-phone application, to rate their current feelings on an 11-point
scale, ranging from +5 (very good), through 0 (neutral), to —5 (very bad) [41]. This scale
enabled the monitoring of the participants’ satisfaction after each training session, through
the entire intervention period. The average score for each group was calculated per session.

Delayed onset muscle soreness (DOMS): The participants were also asked, 24 h after
each session, if they had any muscle pain or soreness following the previous day’s Pilates
session (yes/no) [42]. This question was sent to each participant via a dedicated mobile-
phone application.

2.6.2. Statistical Analysis

The following post hoc sample size calculation was conducted to ensure the power
of the sample. The sample size was calculated using G*POWER (software 3.1.9.4) based
on a partial eta squared of 0.06, an effect size of 0.252, an « of 0.05, and a power of 0.8.
Accordingly, the sample size was determined to be 70. However, due to logistical difficulties
due to COVID-19 restrictions, the final number of participants was 40, with the calculated
power being 0.52. All numeric variables were assessed for normality using Skewness and
Kurtosis. The participants” BMI, HR rest, and physical motor abilities were evaluated at the
two baseline time points, to evaluate learning/testing effects using independent sample
t-tests. The variables that were measured at the second baseline time point were used as a
pre-intervention baseline for further analysis.

The five motor tests, POMS, and FS were analyzed using Bayesian statistics of repeated-
measures analysis of variance (ANOVA). The hypothesis of this study was that similar
motor improvements will be seen in all participants, both those who perform in-studio
Pilates and those who perform Pilates via Zoom. As such, traditional analysis might not be
suitable for a ‘no difference” hypothesis [43].

The Bayesian analysis consisted of three models: (1) group difference; (2) pre—post
difference (intervention); and (3) interaction of group and intervention. The categorical
variables, DOMS and NMQ), were analyzed using Bayesian contingency statistics. Each of
these three models were compared to a null model (BFyg), which indicated that there was
no difference between the compared values. Models yielding a BF;yp > —1 were considered
as having an effect. In addition, adherence to training was compared between the two
groups using independent sample t-tests. It should be noted that two participants were not
included in the final sample and in the statistical analyses: one participant withdrew from
the Zoom intervention during week 6, and one participant from the in-studio group was
not present during some of the assessments. Finally, effect sizes of the motor tests were
calculated using Cohen’s d, with effect sizes being classified as small (d = 0.2), medium
(d =0.5), and large (d > 0.8) within pre—post differences for the baseline vs. the post-
intervention time point.

3. Results

At the baseline time point, no differences were seen in the participants’ characteristics
between the Zoom group and the in-studio one (Table 1). Though participants were only
counterbalanced between the groups based on their plank ability, the results of the other
four motor tests were also similar between the two groups.
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Table 1. Baseline characteristics of participants presented as means (SD) or percentages.
Studio Group (n =19) Zoom Group (n =19) p Value
BMI 22.7 (3.3) 22.9 (3.3) 0.89
HR rest (beat/min) 78 (11.1) 75.5 (6.4) 0.27
Curl-up test (rep/min) 34.2 (9.7) 34 (6.1) 0.86
Push-up test (rep/min) 249 (9.2) 23.3 (8.1) 0.58
V-sit and reach (cm) 47.1 (11.4) 53.2 (10.3) 0.86
Plank test (s) 67.1 (30.1) 66.2 (25.7) 0.93
Stork test (s) 2.3(1.2) 29(1.4) 0.36
Working status (full-time job) 46% 54% 0.34

p values indicate the differences between the groups.

When examining the effectiveness of the Zoom intervention program compared to
the parallel in-studio one, similar levels of participation were seen, with no significant
differences between the two groups (80% and 74%, respectively; p = 0.26). Moreover,
no significant differences were seen between the two groups in their reported levels of
satisfaction via the FS (the group model of Bayesian statistics was 0.82). The mean scores
for the Zoom group and for the in-studio group were 3.0 and 3.6, respectively—both
representing good scores. In addition, when comparing the motor test results of the
two groups (Table 2a), improved motor abilities were seen in both groups following the
intervention, with no significant differences between the groups (Table 2b).

Table 2. (a) Mean (SD) motor test scores at the baseline, 4 weeks, and 8 weeks into the interven-

tion. (b) Bayesian model values of motor tests for explaining differences between the groups and

differences between the baseline, 4 weeks, and 8 weeks into the intervention.

(@)

Studio Group Zoom Group
(n=19) n=19)
. . Effect . . .
Test Baseline Middle End Size Baseline Middle End Effect Size
Curl-up test 34.6 379 41.8 0.8 33.6 40.3 43.8 16
(rep/min) (9.8) (6.4) (8.4) ’ (6.2) (8.2) (6.7) ’
Push-up test 25.9 304 344 1 23.0 29.5 30.1 0.7
(rep/min) (8.7) (7.2) (8.40) (8.2) (10.1) (11.4) ’
V-sit and 47.3 534 53.9 0.8 54.1 59.0 60.6 0.6
Reach test (cm) (8.7) (7.2) (8.4) ’ (8.2) (10.1) (11.4) ’
Plank test 66.1 73.0 78.7 0.4 65.1 715 70.6 02
(s) (30.2) (23.6) (31.5) ’ (26) (28.6) (27.4) ’
Stork test 2.3 3.7 35 0.8 2.9 3.9 33 02
(s) (1.2) (1.7) (1.7) ’ (1.44) (3.10) (2.3) ’
(b)
Bayesian Factor;g
Group Model Intervention Model Interaction Model
Curl-up test 0.3 2.10 x 10° 2.60 x 10°
Push-up test 0.5 2.35 X 10° 4.41 x 10°
Stork test 0.4 1.18 x 10! 1.05 x 10°
V-sit and reach test 1.9 2.37 x 10° 8.64 x 108
Plank test 0.5 3.35 x 10° 4.70 x 1071

Baseline = prior to intervention; Middle = 4 weeks into the intervention; End = 8 weeks into the intervention. Size
effects were calculated with Cohen’s d standards, between baseline and end. Bold markings indicate the highest

model for explaining the effects.
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Finally, when evaluating the effectiveness of the Zoom training in reducing mus-
culoskeletal pain, a small decrease was seen in self-reported pain in the Zoom group
(intervention model = 1.8). Yet no significant differences were seen between the groups
in this regard (group model of Bayesian statistics = 0.38). Moreover, when evaluating the
physical soreness after each session, reported via the DOMS Questionnaire, no significant
differences were seen between the two groups (the group model of Bayesian statistics was
0.03, although this decreased over time, as expected; the studio intervention model was
2.2 and the Zoom intervention model was 5.1; both models are above the null model).
Finally, when evaluating the participants” mood, reported via the POMS Questionnaire,
no significant differences were seen within each group (intervention model of Bayesian
statistics = 0.85) or between the two groups (group model of Bayesian statistics = 0.34).

4. Discussion

The aim of this study was to evaluate the effectiveness of mat-Pilates training via
the online synchronous Zoom platform, compared to similar in-studio training. Our
findings highlight the feasibility of the Zoom training, as seen through the high participant
adherence rate. Adherence, a basic requirement for participating in an exercise program [4],
is well documented as having a positive impact on health [3]. The rates of adherence in both
groups are in line with results presented in a recent systemic review [44]. While adherence to
remote physical training has not yet been adequately documented and evaluated, Schwartz
et al. (2021) found very high adherence to physical resistance training that was conducted
via Zoom during COVID-19 lockdowns [45].

Interpersonal relationships, which are considered an important factor for increasing
adherence to physical activity participation, are missing in remote exercise programs [46].
Yet high adherence was seen in both groups in the current study; as such, it seems that
a lack of face-to-face interpersonal interactions did not hinder adherence in the Zoom
group. The high adherence in the Zoom training might be related to reasons other than
meeting people. Adherence to physical activity has also been shown to be highly dependent
on self-efficacy and motivation to exercise [47]. Although these factors were not directly
evaluated in our study, both groups of participants reported feeling good after most exercise
sessions, which may indicate their satisfaction with the exercise trainings. Moreover,
self-efficacy and motivation to participate in physical activity is also influenced by the
instructor—participant relationship, and by the feedback provided by the instructor during
the session [48]. Yet in remote exercise modalities, providing personal or general feedback
is more challenging. While instructor feedback has been shown to play an important role
in participant satisfaction [46], the lack of face-to-face instructor in the Zoom group did not
appear to have a negative impact on participants” motivation to participate in the Zoom
training sessions in this study.

The effectiveness of physical activity programs should mainly be evaluated through
improvements in the physical ability of participants. In this study, the Pilates training in
both groups improved muscle strength, flexibility, and balance—as is expected from Pilates
training [49-51]. In most motor tests that were evaluated in this study (four out of five),
the effect sizes were similar between the Zoom and in-studio groups, except for the stork
balance test. The increase in muscle strength after the Pilates training was demonstrated
in improvements in the curl-up and push-up tests. The large effect size of curl up tests
resembles the study of Rayes et al., who evaluated eight weeks of Pilates studio training
for obese men and women [49]. In addition, Suner-Keklik et al. showed that six weeks of
synchronized on-line Zoom Pilates training improved curl up test results in young healthy
women, and the effect size was also large [51]. The effect sizes of the push-up and V-sit and
reach tests in our study, which ranged from medium to large, were also compatible with
other Pilates studies [50,52].

In contrast to the large effect on muscle strength, the Pilates training had a small effect
on core body stability, measured by the plank test. This finding differs from previous
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studies, that show improvement, for example, after six weeks of Pilates Zoom training
three times per week [51].

It was of concern that performing Pilates training via a remote platform may lead
participants to exert less physical effort than during in-studio training. This was seen, for
example, in female college students, who were shown to elicit less effort during remote
exercise compared to in-studio training [2]. While we did not measure the levels of exerted
effort in this study, it was expected that even minimal effort on the part of the participants
(who were sedentary novice Pilates trainees) would cause some degree of muscle ache. This
expectation is based on findings whereby an acute bout of one single Pilates session caused
muscle damage in women who had not participated in physical activity on a regular basis
over the previous six months [53]. In this study, the level of effort was indirectly evaluated
by the participants’ DOMS reports, with similar levels of muscle soreness actually reported
by both groups of participants. As such, we can assume that a reasonable degree of effort
was exerted in the Zoom group.

In addition, Pilates is renowned for its ability to attenuate musculoskeletal pain, mainly
in the lower back [13,54,55]. In this study, an overall small reduction in pain was seen at
the end of the eight-week intervention in both groups. This reduction in pain is similar to
that presented by Askari et al., whereby women who performed Pilates three times a week
over a six-week period reported reduced lower back pain [56].

The effectiveness of physical activity on a regular basis may affect physical parameters
such as BMI and resting HR. Nevertheless, no such changes were seen in either group in this
study after the eight weeks of Pilates training. Similar to our study, a lack of improvements
in weight or BMI was reported in other Pilates training programs, such as in obese women,
when comparing online and in-studio Pilates programs [57] and in sedentary middle-age
women [58]. If participants in Pilates classes are interested in losing weight, their instructors
should encourage them to also participate in aerobic training, in addition to Pilates.

No changes were seen in the participants’ resting HR in either group following the
eight-week intervention. Suna et al. found that eight weeks of Pilates training, three times
a week, led to a small reduction in resting HR in sedentary women [9]. The small-to-no
change in the participants’ BMI and resting HR could indicate that Pilates is not a form of
physical training that could impact such physiological parameters—whether conducted in
the studio or remotely via Zoom. Finally, while physical improvements may be expected
among young, healthy, and untrained women following either in-studio or remote Zoom
sessions, it may be of interest to also explore additional interventions, such as pre-recorded
videos or app-based training, that do not require the supervision of an instructor [59].

5. Limitations

Despite its contribution to the literature, this study has several limitations that should
be addressed. First, a relatively small sample size was employed, due to the COVID-19
pandemic that greatly restricted social gatherings. As such, any generalization of these
findings should be undertaken with caution. However, such a sample size is similar to
that seen in an earlier comparative study [60]. The pandemic also limited the intervention
period, which resulted in 16 sessions over an eight-week period. Additionally, this study
focused on young, sedentary, healthy women. Future studies could therefore benefit from
including additional populations, such as older or active women. Moreover, some of the
data analyzed in this study were gathered using the self-reporting method. Finally, no
direct assessments of the exerted effort during the training sessions were conducted. Such
assessments could be beneficial in future research.

6. Conclusions

Remote mat-Pilates group training via the Zoom platform offers a feasible and effective
alternative to in-studio mat-Pilates sessions in healthy sedentary women. This option could
help increase participation in regular physical activities, for the benefit of the participants,
the healthcare systems, and society as a whole.



Healthcare 2024, 12, 724 10 of 12

Author Contributions: Conceptualization, C.L.Z., S.T., YH. and D.H.; Methodology, C.L.Z., S.T., and
Y.H.; Formal Analysis, A.G.; Data Curation, C.L.Z. and D.H.; Writing—Original Draft Preparation,
C.L.Z. and S.T.; Writing—Review and Editing, C.L.Z., S.T., YH., A.G. and D.H.; Visualization, S.T.
and Y.H.; Supervision, S.T., YH. and D.H.; Project Administration, C.L.Z. and S.T. 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 line with the guidelines of the
Declaration of Helsinki, and was approved by the Ethics Committee of the Shamir (Assaf Harofeh)
Medical Center, Israel (Protocol code 0121-21-ASF on 18 April 2021).

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

Data Availability Statement: The data presented in this study are available upon request from the
first or corresponding author.

Acknowledgments: The authors would like to thank Beverley Yohanan for her constructive language
editing of this article, and Erez Luzon for his technical computer assistance.

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

References

1. Booth, EW,; Roberts, C.K.; Laye, M.]. Lack of exercise is a major cause of chronic diseases. Compr. Physiol. 2012, 2, 1143-1211.

2. Kohl, HW, Craig, C.L.; Lambert, E.V,; Inoue, S.; Alkandari, ].R.; Leetongin, G.; Kahlmeier, S. The pandemic of physical inactivity:
Global action for public health. Lancet 2012, 380, 294-305. [CrossRef] [PubMed]

3. Bull, EC.; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P,; Cardon, G.; Carty, C.; Chaput, ].P,; Chastin, S.; Chou, R.; et al.
World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. J. Sports Med. 2020, 54, 1451-1462.
[CrossRef] [PubMed]

4. WHO. Physical Inactivity: A Global Public Health Problem; WHO: Geneva, Switzerland, 2014.

5.  Latey, P. The Pilates method: History and philosophy. J. Bodyw. Mov. Ther. 2001, 5, 275-282. [CrossRef]

6. Bergamin, M.; Gobbo, S.; Bullo, V.; Zanotto, T.; Vendramin, B.; Duregon, E; Cugusi, L.; Camozzi, V.; Zaccaria, M.; Neunhaeuserer,
D. Effects of a Pilates exercise program on muscle strength, postural control and body composition: Results from a pilot study in
a group of post-menopausal women. Age 2015, 37, 1-8. [CrossRef] [PubMed]

7. Evangelou, C.; Sakkas, G.K.; Hadjicharalambous, M.; Aphamis, G.; Petrou, P.; Giannaki, C.D. The effect of a three month,
low-load- high-repetitions group-based exercise program versus pilates on physical fitness and body composition in inactive
women. J. Bodyw. Mov. Ther. 2020, 26, 18-23. [CrossRef]

8.  Barker, A.L; Bird, M.L.; Talevski, ]. Effect of pilates exercise for improving balance in older adults: A systematic review with
meta-analysis. Arch. Phys. Med. Rehabil. 2015, 96, 715-723. [CrossRef] [PubMed]

9.  Suna, G;; Isildak, K. Investigation of the Effect of 8-Week Reformer Pilates Exercise on Flexibility, Heart Rate and Glucose Levels
in Sedentary Women. Asian J. Educ. Train. 2020, 6, 226-230. [CrossRef]

10. Gonzales, A.L; Nery, T.; Lemos, R.R.; Bezerra, P. Pilates Exercise for Hypertensive Patients: A Review of the Literature Care of the
elderly: Prevention of physical therapy View project. Altern. Ther. Health Med. 2017, 22, 38—43.

11. Caldwell, K.; Harrison, M.; Adams, M.; Travis Triplett, N. Effect of Pilates and taiji quan training on self-efficacy, sleep quality,
mood, and physical performance of college students. J. Bodyw. Mov. Ther. 2009, 13, 155-163. [CrossRef] [PubMed]

12.  Yamato, T.P; Maher, C.G,; Saragiotto, B.T.; Hancock, M.].; Ostelo, RW.J.G.; Cabral, CM.N.; Cabral, C.M.; Costa, L.C.M.; Costa,
L.O. Pilates for low back pain. Cochrane Database Syst. Rev. 2015, CD010265. [CrossRef] [PubMed]

13. Wells, C.; Kolt, G.S.; Marshall, P; Hill, B.; Bialocerkowski, A. The effectiveness of pilates exercise in people with chronic low back
pain: A systematic review. PLoS ONE 2014, 9, 16-20. [CrossRef] [PubMed]

14. Gladwell, V,; Head, S.; Haggar, M.; Beneke, R. Does a Program of Pilates Improve Chronic Non-Specific Low Back Pain? J. Sport
Rehabil. 2006, 15, 338-350. [CrossRef]

15.  Hoy, D.; Bain, C.; Williams, G.; March, L.; Brooks, P; Blyth, E; Woolf, A.; Vos, T.; Buchbinder, R. A systematic review of the global
prevalence of low back pain. Arthritis Rheum. 2012, 64, 2028-2037. [CrossRef]

16. Atigan, E.; Aytar, A.; Caglar, A.; Tigli, A.A.; Arin, G.; Yapali, G.; Kisacik, P.; Berberoglu, U.; Sener, H.O.; Unal, E. The effects
of Clinical Pilates exercises on patients with shoulder pain: A randomised clinical trial. J. Bodyw. Mov. Ther. 2017, 21, 847-851.
[CrossRef]

17. Mazloum, V,; Rabiei, P.; Rahnama, N.; Sabzehparvar, E. The comparison of the effectiveness of conventional therapeutic exercises
and Pilates on pain and function in patients with knee osteoarthritis. Complement. Ther. Clin. Pract. 2018, 31, 343-348. [CrossRef]
[PubMed]

18. Hallal, P.C.; Andersen, L.B.; Bull, EC.; Guthold, R.; Haskell, W.; Ekelund, U. Global physical activity levels: Surveillance progress,

pitfalls, and prospects. Lancet 2012, 380, 247-257. [CrossRef] [PubMed]


https://doi.org/10.1016/S0140-6736(12)60898-8
https://www.ncbi.nlm.nih.gov/pubmed/22818941
https://doi.org/10.1136/bjsports-2020-102955
https://www.ncbi.nlm.nih.gov/pubmed/33239350
https://doi.org/10.1054/jbmt.2001.0237
https://doi.org/10.1007/s11357-015-9852-3
https://www.ncbi.nlm.nih.gov/pubmed/26578458
https://doi.org/10.1016/j.jbmt.2020.08.017
https://doi.org/10.1016/j.apmr.2014.11.021
https://www.ncbi.nlm.nih.gov/pubmed/25511371
https://doi.org/10.20448/journal.522.2020.62.226.230
https://doi.org/10.1016/j.jbmt.2007.12.001
https://www.ncbi.nlm.nih.gov/pubmed/19329051
https://doi.org/10.1002/14651858.CD010265.pub2
https://www.ncbi.nlm.nih.gov/pubmed/26133923
https://doi.org/10.1371/journal.pone.0100402
https://www.ncbi.nlm.nih.gov/pubmed/24984069
https://doi.org/10.1123/jsr.15.4.338
https://doi.org/10.1002/art.34347
https://doi.org/10.1016/j.jbmt.2017.02.003
https://doi.org/10.1016/j.ctcp.2017.10.008
https://www.ncbi.nlm.nih.gov/pubmed/29108873
https://doi.org/10.1016/S0140-6736(12)60646-1
https://www.ncbi.nlm.nih.gov/pubmed/22818937

Healthcare 2024, 12, 724 11 of 12

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Hoare, E.; Stavreski, B.; Jennings, G.; Kingwell, B. Exploring Motivation and Barriers to Physical Activity among Active and
Inactive Australian Adults. Sports 2017, 5, 47. [CrossRef] [PubMed]

King, A.C.; Castro, C.; Wilcox, S.; Eyler, A.A; Sallis, J.F.; Brownson, R.C. Personal and Environmental Factors Associated with
Physical Inactivity Among Different Racial-Ethnic Groups of US Middle-Aged Older-Aged Women. Health Psychol. 2000, 19, 354.
[CrossRef] [PubMed]

MacDougall, C.; Cooke, R.; Owen, N.; Willson, K.; Bauman, A. Relating physical activity to health status, social connections and
community facilities. Aust. N. Z. . Public Health 1997, 21, 631-637. [CrossRef] [PubMed]

Kruger, J.; Carlson, S.A.; Kohl, H.W. Fitness Facilities for Adults. Differences in Perceived Access and Usage. Am. ]. Prev. Med.
2007, 32, 500-505. [CrossRef] [PubMed]

Eyler, A.A ; Baker, E.; Cromer, L.; King, A.C.; Brownson, R.C.; Donatelle, R.]J. Physical Activity and Minority Women: A Qualitative
Study. Health Educ. Behav. 1998, 25, 640—-652. [CrossRef] [PubMed]

Coronavirus: Online Fitness Video Usage by Gender U.S. 2020 | Statista. Available online: https://www.statista.com /statistics /11
08543/ online-fitness-video-usage-during-coronavirus-usa-gender/ (accessed on 16 November 2020).

Roberts, S.A.; Awick, E.A.; Fanning, J.; Ehlers, D.; Motl, RW.; Mcauley, E. Following a DVD-Delivered Exercise Intervention.
Health Educ. Behav. 2017, 25, 27-31.

Howard, I.M.; Kaufman, M.S. Telehealth Applications for outpatients with neuromuscular or musculoskeletal disorders. Muscle
Nerve 2018, 58, 475-485. [CrossRef] [PubMed]

Gier, A.; Edwards, N.M.; Khoury, PR;; Kirk, S.; Kist, C.; Siegel, R. Instructor-led versus Video-led Exercise: A Comparison of
Intensity in Obese Youth. Int. |. Kinesiol. Sport Sci. 2018, 6, 12. [CrossRef]

Estabrooks, P.A.; Munroe, K.J.; Fox, E.H.; Gyurcsik, N.C.; Hill, J.L.; Lyon, R.; Rosenkranz, S.; Shannon, V.R. Leadership in physical
activity groups for older adults: A qualitative analysis. J. Aging Phys. Act. 2004, 12, 232-245. [CrossRef] [PubMed]

McAuley, E.; Blissmer, B.; Katula, J.; Duncan, T.E. Exercise environment, self-efficacy, and affective responses to acute exercise in
older adults. Psychol. Health 2007, 15, 341-355. [CrossRef]

Killen, L.G.; Barry, V.W.; Cooper, C.; Coons, ].M. Live vs. digital video disk exercise in college—Aged females. |. Strength Cond.
Res. 2014, 28, 3393-3398. [CrossRef] [PubMed]

Kang, M.; Ragan, B.G.; Park, ].H. Issues in outcomes research: An overview of randomization techniques for clinical trials. J. Athl.
Train. 2008, 43, 215-221. [CrossRef] [PubMed]

Turolla, A.; Rossettini, G.; Viceconti, A.; Palese, A.; Geri, T. Point of View Musculoskeletal Physical Therapy during the COVID-19
Pandemic: Is Telerehabilitation the Answer? Phys. Ther. 2020, 100, 1260-1264. [CrossRef] [PubMed]

Pojskic, H.; McGawley, K.; Gustafsson, A.; Behm, D.G. Reliability and Validity of a Novel Sport-Specific Balance Test to
Differentiate Performance Levels in Elite Curling Players. J. Sports Sci. Med. 2020, 19, 337. [PubMed]

Sparling, P.B.; Millard-Stafford, M.; Snow, T.K. Development of a cadence curl-up test for college students. Res. Q. Exerc. Sport
1997, 68, 309-316. [CrossRef] [PubMed]

Bouteraa, I.; Negra, Y.; Shephard, R.J.; Chelly, M.S. Effects of Combined Balance and Plyometric Training on Athletic Performance
in Female Basketball Players. J. Strength Cond. Res. 2020, 34, 1967-1973. [CrossRef] [PubMed]

Ambegaonkar, J.P.; Caswell, S.V.; Andre, M.]. View Upper-Body Muscular Endurance in Female University-Level Modern
Dancers: A Pilot Study. J. Dance Med. Sci. 2012, 16, 3-7. [CrossRef] [PubMed]

Hui, S.S.; Yuen, PY. Validity of the Modified Back-Saver Sit-and-Reach Test: A Comparison with Other Protocols. Med. Sci. Sports
Exerc. 2000, 32, 1655-1659. [CrossRef] [PubMed]

Netz, Y.; Zeav, A.; Arnon, M.; Daniel, S. Translating a single-word items scale with multiple subcomponents—A Hebrew
translation of the profile of mood states. Is. J. Psychiatry Relat. Sci. 2005, 42, 263-270. [PubMed]

Loépez-Aragon, L.; Lopez-Liria, R.; Callejon-Ferreangel, J.; Gémez-Galan, M. Applications of the standardized nordic questionnaire:
A Review. Sustainability 2017, 9, 1514. [CrossRef]

Yona, T.; Weisman, A.; Ingel, R.; Masharawi, Y. The cross-cultural adaptation and reliability of the online Hebrew version of the
extended Nordic Musculoskeletal Questionnaire. Musculoskelet. Sci. Pract. 2020, 50, 102252. [CrossRef] [PubMed]

Emanuel, A.; Rozen Smukas, I.; Halperin, I. How One Feels During Resistance Exercises: A Repetition-by-Repetition Analysis
Across Exercises and Loads. Int. . Sports Physiol. Perform. 2021, 16, 135-144. [CrossRef]

Bakhtiary, A.H.; Safavi-Farokhi, Z.; Aminian-Far, A. Influence of vibration on delayed onset of muscle soreness following eccentric
exercise. Br. J. Sports Med. 2007, 41, 145-148. [CrossRef] [PubMed]

van de Schoot, R.; Depaoli, S.; King, R.; Kramer, B.; Mirtens, K.; Tadesse, M.G.; Vannucci, M.; Gelman, A.; Veen, D.; Willemsen, J.;
et al. Bayesian statistics and modelling. Nat. Rev. Methods Primers 2021, 1, 1. [CrossRef]

Rodriguez-Fuentes, G.; Silveira-Pereira, L.; Ferradans-Rodriguez, P.; Campo-Prieto, P. Therapeutic Effects of the Pilates Method
in Patients with Multiple Sclerosis: A Systematic Review. J. Clin. Med. 2022, 11, 683. [CrossRef]

Schwartz, H.; Har-Nir, I.; Wenhoda, T.; Halperin, I. Staying physically active during the COVID-19 quarantine: Exploring the
feasibility of live, online, group training sessions among older adults. Transl. Behav. Med. 2021, 11, 314-322. [CrossRef] [PubMed]
Taylor, L.; Raisborough, J.; Harrison, K.; Dulson, S. ‘It’s like Going to the Regular Class but without Being there”: A Qualitative
Analysis of Older people’s Experiences of Exercise in the Home during COVID-19 Lockdown in England. Int. ]. Sociol. Leis. 2021,
4,177-192. [CrossRef]


https://doi.org/10.3390/sports5030047
https://www.ncbi.nlm.nih.gov/pubmed/29910407
https://doi.org/10.1037/0278-6133.19.4.354
https://www.ncbi.nlm.nih.gov/pubmed/10907654
https://doi.org/10.1111/j.1467-842X.1997.tb01768.x
https://www.ncbi.nlm.nih.gov/pubmed/9470271
https://doi.org/10.1016/j.amepre.2007.02.003
https://www.ncbi.nlm.nih.gov/pubmed/17533065
https://doi.org/10.1177/109019819802500510
https://www.ncbi.nlm.nih.gov/pubmed/9768383
https://www.statista.com/statistics/1108543/online-fitness-video-usage-during-coronavirus-usa-gender/
https://www.statista.com/statistics/1108543/online-fitness-video-usage-during-coronavirus-usa-gender/
https://doi.org/10.1002/mus.26115
https://www.ncbi.nlm.nih.gov/pubmed/29510449
https://doi.org/10.7575/aiac.ijkss.v.6n.3p.12
https://doi.org/10.1123/japa.12.3.232
https://www.ncbi.nlm.nih.gov/pubmed/15263101
https://doi.org/10.1080/08870440008401997
https://doi.org/10.1519/JSC.0000000000000560
https://www.ncbi.nlm.nih.gov/pubmed/24918301
https://doi.org/10.4085/1062-6050-43.2.215
https://www.ncbi.nlm.nih.gov/pubmed/18345348
https://doi.org/10.1093/ptj/pzaa093
https://www.ncbi.nlm.nih.gov/pubmed/32386218
https://www.ncbi.nlm.nih.gov/pubmed/32390727
https://doi.org/10.1080/02701367.1997.10608012
https://www.ncbi.nlm.nih.gov/pubmed/9421843
https://doi.org/10.1519/JSC.0000000000002546
https://www.ncbi.nlm.nih.gov/pubmed/29489714
https://doi.org/10.1177/1089313X1201600101
https://www.ncbi.nlm.nih.gov/pubmed/22390948
https://doi.org/10.1097/00005768-200009000-00021
https://www.ncbi.nlm.nih.gov/pubmed/10994920
https://www.ncbi.nlm.nih.gov/pubmed/16618060
https://doi.org/10.3390/su9091514
https://doi.org/10.1016/j.msksp.2020.102252
https://www.ncbi.nlm.nih.gov/pubmed/32920229
https://doi.org/10.1123/ijspp.2019-0733
https://doi.org/10.1136/bjsm.2006.031278
https://www.ncbi.nlm.nih.gov/pubmed/17138635
https://doi.org/10.1038/s43586-020-00001-2
https://doi.org/10.3390/jcm11030683
https://doi.org/10.1093/tbm/ibaa141
https://www.ncbi.nlm.nih.gov/pubmed/33447852
https://doi.org/10.1007/s41978-020-00078-9

Healthcare 2024, 12, 724 12 of 12

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Rhodes, R.E.; Martin, A.D.; Taunton, J.E. Temporal relationships of self-efficacy and social support as predictors of adherence in a
6-month strength-training program for older women. Percept. Mot. Ski. 2001, 93, 693-703. [CrossRef]

Fox, L.D.; Rejeski, W.J.; Gauvin, L. Effects of leadership style and group dynamics on enjoyment of physical activity. Am. |. Health
Promot. 2000, 14, 277-283. [CrossRef] [PubMed]

Rayes, A.B.R; de Lira, C.A.B.; Viana, R.B.; Benedito-Silva, A.A.; Vancini, R.L.; Mascarin, N.; Andrade, M.S. The effects of Pilates
vs. Aerobic training on cardiorespiratory fitness, isokinetic muscular strength, body composition, and functional tasks outcomes
for individuals who are overweight/obese: A clinical trial. Peer] 2019, 7, €6022. [CrossRef]

Branco, A.N.C.; Miyamoto, G.C.; Soliano, A.C.G.; Farhat, H.A.; Franco, K.EM.; Cabral, C.M.N. Comparagao da satisfacao,
motivagao, flexibilidade e dor muscular tardia entre método Pilates moderno e método Pilates instavel. Fisioter Pesqui. 2017, 24,
427-436. [CrossRef]

Suner-Keklik, S.; Numanoglu-Akbas, A.; Cobanoglu, G.; Kafa, N.; Guzel, N.A. An online pilates exercise program is effective
on proprioception and core muscle endurance in a randomized controlled trial. Ir. J. Med. Sci. 2022, 191, 2133-2139. [CrossRef]
[PubMed]

Kloubec, J.A. Pilates for Improvement of Muscle Endurance, Flexibility, Balance, and Posture. J. Strength Cond. Res. 2010, 24,
661-667. [CrossRef] [PubMed]

Kim, C.S.; Kim, J.Y.; Kim, H.J. The effects of a single bout pilates exercise on mRNA expression of bone metabolic cytokines in
osteopenia women. J. Exerc. Nutr. Biochem. 2014, 18, 69-78. [CrossRef]

Yalfani, A.; Raeisi, Z.; Koumasian, Z. Effects of eight-week water versus mat pilates on female patients with chronic nonspecific
low back pain: Double-blind randomized clinical trial. ]. Bodyw. Mov. Ther. 2020, 24, 70-75. [CrossRef] [PubMed]

Agarwal, N.; Kumar Aggarwal, P. Effect of Pilates on pain and core mucle endurence in females with chronic low back pain. Orig.
Res. Artic. 2017, 5, 1881-1884. [CrossRef]

Askari, A.; Ashtianiy, A.A.; Ghiasi, F.; Hosseinifar, M. Modified Pilates versus general exercises effectiveness on lumbopelvic
motor control, trunk muscles endurance, in nonspecific chronic low back pain women. J. Adv. Pharm. Educ. Res. 2020, 10
(Suppl. S1), 8-13.

Park, H.Y,; Jung, K.; Jung, W.S.; Kim, S.W.; Kim, J.; Lim, K. Effects of Online Pilates and Face-to-Face Pilates Intervention on Body
Composition, Muscle Mechanical Properties, Cardiometabolic Parameters, Mental Health, and Physical Fitness in Middle-Aged
Women with Obesity. Healthcare 2023, 11, 2768. [CrossRef] [PubMed]

Kilig, T.; Hingal, S. The Effects of Pilates Mat Exercises on self-rated health Levels, Body Mass Index and Flexibility in Middle Age
Sedentary Women. Educ. Q. Rev. 2021, 4, 166-179. [CrossRef]

Meik, A.; Schneider, J.; Schiffner, D. Get Your Back Straight! Learn Pilates with the Pilates Correction Game; Gesellschaft fiir Informatik
e.V.: Bonn, Germany, 2021.

Hannon, K;; Killen, L.; Higgins, T. Influence of a live vs. virtul trainer on intensity selection and exercise enjoyment. Int. J. Exerc.
Sci. Conf. Proc. 2023, 16, 125.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.2466/pms.2001.93.3.693
https://doi.org/10.4278/0890-1171-14.5.277
https://www.ncbi.nlm.nih.gov/pubmed/11009853
https://doi.org/10.7717/peerj.6022
https://doi.org/10.1590/1809-2950/17685224042017
https://doi.org/10.1007/s11845-021-02840-8
https://www.ncbi.nlm.nih.gov/pubmed/34716884
https://doi.org/10.1519/JSC.0b013e3181c277a6
https://www.ncbi.nlm.nih.gov/pubmed/20145572
https://doi.org/10.5717/jenb.2014.18.1.69
https://doi.org/10.1016/j.jbmt.2020.06.002
https://www.ncbi.nlm.nih.gov/pubmed/33218568
https://doi.org/10.16965/ijpr.2016.213
https://doi.org/10.3390/healthcare11202768
https://www.ncbi.nlm.nih.gov/pubmed/37893842
https://doi.org/10.31014/aior.1993.04.02.208

	Introduction 
	Materials and Methods 
	Participants 
	Procedure 
	Intervention 
	The Pilates Exercise Program 
	The Zoom Exercise Group 
	The Studio Exercise Group 
	Measurements 
	Statistical Analysis 


	Results 
	Discussion 
	Limitations 
	Conclusions 
	References

