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Abstract
Background  Proprioception is important for stability of body segments, postural control, and functionality. However, there 
are no studies in literature showing effects of online Pilates exercises that create proprioceptive inputs on vertebra on trunk 
proprioception.
Aims  This study aims to reveal effect of online Pilates exercises conducted on trunk proprioception and core muscle endur-
ance in healthy individuals.
Methods  We included thirty-three healthy individuals between ages of 18 and 25 in study. Individuals were randomly divided 
into two groups. There were 17 individuals in Pilates group (PG), and 16 individuals in control group (CG). The PG was 
given online Pilates exercises by the physiotherapist in groups 3 days a week for 6 weeks, 1 h a day. There was no exercise 
program recommended for individuals in CG. We evaluated trunk proprioception with an inclinometer, core muscle endur-
ance with three core endurance tests created by McGill, and prone bridge tests. All evaluations completed just before start 
of study and 2 days after 6-week training.
Results  Two groups had similar demographic characteristics, and there was no difference between baseline measurements 
(p > 0.05). While improvement observed in PG in trunk proprioception and all of core muscle endurance tests (p < 0.05), no 
statistically significant difference reported in CG (p > 0.05).
Conclusions  We revealed that online Pilates exercises performed at mat level for 6 weeks in healthy individuals had positive 
effects on trunk proprioception and core muscle endurance with this study. Contribution of Pilates exercises to development 
of both muscular endurance and proprioceptive senses, even if performed at a distance, is important.
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Introduction

Tele-exercise services provided in the scope of telehealth 
services show beneficial effects and may be an important 
approach during the Coronavirus disease 2019 (COVID-
19) pandemic, where normal daily activities and health 
protection systems are disrupted or changed [1]. Innovative 
approaches are required to prevent functional decline in 
individuals under social distance and quarantine conditions. 
However, this is a requirement not only for pandemic condi-
tions but also for individuals living in rural areas under nor-
mal conditions. Telehealth exercise programs are one way to 
provide physical activity [1]. Online Pilates exercises in the 
pandemic are one of the exercise approaches that will keep 
individuals active [2].

Pilates, developed by Joseph Pilates in the 1900s and 
gradually becoming widespread, is an exercise approach 
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that aims to increase the endurance, strength, and flexibility 
of the core muscles and improve balance and dynamic pos-
tural control [3]. The primary goal in Pilates exercises is to 
increase the stability and strength of the transversus abdomi-
nus, multifidus, pelvic floor, and diaphragm muscles, which 
are known as core muscles, and to increase the flexibility of 
the lumbar region muscles, thus reducing the compression 
on the vertebra [4]. Because of the neutral spine position 
used during Pilates exercises, a balanced co-contraction can 
be created in the core muscles, thereby achieving mechani-
cal stability in the lumbar vertebra and reducing the load on 
the vertebra [5].

Functionally, the core is a kinetic link that facilitates the 
transfer of torque and angular momentum between the upper 
and lower extremities in sports skills, professional skills, fit-
ness activities, and daily living activities, in the execution of 
whole body movements [6]. Core muscles play an important 
role in reducing the risk of injury and stabilizing peripheral 
joints, especially during high physical activity [7]. Further-
more, core stability fires body mechanisms that allow for 
the maximization of the force exerted while minimizing the 
loads placed on the proximal joints [8, 9].

Proprioception is defined as the afferent entry of inter-
nal stimuli responsible for the stability of body segments, 
postural control, and several conscious senses, taken by pro-
prioceptive fibers [10]. Proprioceptive signals are derived 
from mechanoreceptors located in ligaments, facet joints, 
intervertebral discs, and muscles. Among these structures, 
dense muscle spindles reported in paraspinal rotators are con-
sidered to be very important in controlling trunk movement 
[11]. Any deficiency in proprioception will affect the quality 
of movement because the ability to control trunk movement 
is necessary to establish the correct movement pattern [11].

Previous studies have shown the effects of the Pilates 
exercise programs on core muscle endurance using different 
methods [12–15]. However, there are no studies showing the 
effects of Pilates exercises, which are based on core muscle 
activity and create proprioceptive inputs on the vertebra, on 
trunk proprioception. Moreover, there is no other study in the 
literature that demonstrates the effectiveness of online Pilates 
exercises for healthy individuals within the scope of telehealth 
services. For these reasons, this study aims to investigate the 
effect of online Pilates training on trunk proprioception and 
core muscle endurance in healthy individuals.

Materials and methods

Participants

We conducted the study in Sivas Cumhuriyet University 
Faculty of Health Sciences, Department of Physiother-
apy and Rehabilitation. Ethical approval obtained from Sivas 

Cumhuriyet University, Non-Interventional Clinical Research 
Ethics Committee with the decision number 2018–018/23 
dated 26.02.2018. This study has been conducted in accord-
ance with the principles set forth in the Helsinki Declaration.

In the study, we included healthy volunteers between the 
ages of 18 and 25 and excluded individuals with vertebral 
pathology; with a history of pain, surgery, injury, or trauma 
in the lumbar region; and those with a neurological, sys-
temic, or degenerative disease. We designed the study as 
a randomized, controlled, single-blind study. In addition, 
individuals who participated in a regular exercise program 
for the last 6 months were excluded. We used a computer 
program for randomization and placed the individuals who 
completed the first evaluation in the Pilates group (PG) or 
control group (CG) randomly. We explained the purpose 
and content of the study to the participants before the study. 
Furthermore, the participants signed an informed consent 
form that they would participate in the study voluntarily.

Procedures

We assessed the participants by an experienced physiothera-
pist, who was blind to the randomization, at the start of the 
study and 2 days after the 6-week training. The group to 
which they depended was not disclosed to the participants 
until the end of the baseline evaluation. We performed the 
Pilates exercises online, under the supervision of another 
certified physiotherapist with 13 years of experience. We 
asked the individuals not to inform the evaluator of their 
involvement in the training during the last evaluation.

Outcome measurements

We recorded demographic information (age, body weight, 
height, body mass index) of the participants.

We performed the evaluation of trunk proprioception by 
the active angle repetition test in a standing position using 
Dualer IQ Digital Inclinometer (J-Tech Medical, Midvale, 
UT, USA). One part of the inclinometer placed on the first 
lumbar vertebra and the other part on the sacrum [16]. The 
test started in an upright position. We asked the individuals 
to flex the trunk until reaching the target angle of 30° in the 
sagittal plane and to maintain this position for 3 s then to 
come back to an upright position [17]. After the target angle 
was felt by the individuals three times in total, we asked the 
individuals to identify the perceived target angle three times 
as accurately as possible. The difference between the target 
angle perceived by the individuals and the angle found again 
by the individuals was averaged [18].

We evaluated the core muscle endurance by using three 
core endurance tests created by McGgill and the prone 
bridge test. The McGgill endurance tests are the trunk flexor 
test, the trunk extensor test, and the side bridge test. We 
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performed a trunk flexor test with the trunk at 60° flexion 
and knees and hips at 90° flexion. The arms were crossed 
over the chest and individuals were asked to maintain this 
position for as long as possible. We performed a trunk exten-
sor test in a prone position on the treatment table. The pelvis, 
hips, and knees were fixed on the treatment table, up to the 
spina iliaca anterior superior. We asked individuals to main-
tain a horizontal body position for as long as possible, with 
arms crossed over their chests. We performed the side bridge 
test on the mat, on the dominant and non-dominant sides, 
respectively, while lying down. The body weight of the par-
ticipants was supported only by the lower elbows and feet 
while lifting their hips up on the mat. The test was stopped 
when the side-lying position was lost or the hips returned to 
the mat [19]. We performed a prone bridge test on the mat 
in the prone position and with support from the elbows. The 
elbows of the participants were placed under their shoulders, 
leaving a narrow space between their feet. We asked them to 
raise their hips and torso on their forearms and toes and to 
maintain a straight position. All core endurance tests termi-
nated when positions were distorted. Measurement results 
were recorded in seconds [20].

Intervention

Pilates training was done by a certified and 13-year experi-
enced physiotherapist and lasted a total of 6 weeks, 3 days 
a week for 1 h. Exercises were performed online because of 
the pandemic. Microsoft Teams program was used to per-
form the exercises online. We divided the individuals in the 
Pilates exercise group into two smaller groups of 10 and 11 
to verify whether they correctly did the exercises.

Pilates practitioners usually practice a simple series of 
exercises that include repetitive, low-intensity flexibility and 
muscular endurance exercises, with muscular movements 
in the abdominal, lower back, hips, and thighs [3]. In this 
study, we organized a program to include 10 min of warm-
up, 40 min of Pilates exercises, and 10 min of cooling and 
stretching exercises, and the exercises were done in 10 rep-
etitions. The Pilates exercise program included the following 
exercises: hundreds, shoulder bridge, clam, sidekick, arm 
opening, abdominal preparation, one leg stretch, breaststroke 
preparations, cobra, swimming, and oblique roll-up. During 
the Pilates exercises, we described the exercises with differ-
ent visual simulation techniques, and exercises were done 
together with Pilates breathing. We instructed the subjects to 
breathe through the nose before starting the movement and 
to complete the movement while exhaling through their teeth 
by contracting their lips [21]. No exercise recommendations 
were made for the control group, and individuals were asked 
to continue their routine activities.

Data availability

The data associated with the paper are not publicly available 
but are available from the corresponding author on reason-
able request.

Statistical analysis

We performed statistical analysis by using SPSS software, 
version 21 (SPSS Inc. Chicago, IL, USA). The normal dis-
tribution of variables was determined using histograms, 
probability plots, and a Shapiro–Wilk test. Because of 
an abnormal distribution, median and interquartile range 
(IQR) were used for descriptive statistics. We used a 
Mann–Whitney U test to compare baseline and change val-
ues between groups. We used Wilcoxon Test for comparing 
baseline values within the group and values after 6 weeks. 
The level of significance was set at p < 0.05 for all analyses. 
The effect sizes were evaluated according to Cohen’s d 
standards within the pre-post differences. Effect size results 
were interpreted as small (≥ 0.2), medium (≥ 0.5), or large 
(≥ 0.8) according to guidelines [22].

Results

Within the scope of the study, we invited 44 healthy indi-
viduals for evaluation. Participants who did not come to the 
final measurement and did not complete the Pilates training 
because of personal reasons were excluded from the study. 
Consequently, 17 individuals from PG and 16 individuals 
from CG completed the study. Figure 1 shows the CON-
SORT flow diagram showing the participants in the study.

In the post hoc power analysis for the study, the effect size 
calculated considering the proprioception values was 1.041. 
When 17 individuals were included in PG and 16 individuals 
were included in CG, we calculated that the power of the 
study was 0.89.

The two groups had similar characteristics in terms of 
demographic characteristics (p > 0.05, Table 1), and there 
was no difference between baseline measurements (p > 0.05, 
Table 2).

In all of the proprioception sense and core muscle 
endurance tests, although the exercises were performed 
remotely online, PG was improved (p < 0.05, Table 2), 
while there was no statistically significant difference in 
CG (p > 0.05, Table 2). Since we compared the groups in 
terms of changes, there was no difference between the two 
groups in terms of proprioception sense (p > 0.05, Table 2), 
but there was a difference in other parameters (p < 0.05, 
Table 2).
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Discussion

This study, which we think is the first to investigate the effect 
of online Pilates exercise programs on trunk proprioception, 
has shown that a 6-week online Pilates exercise program is 
effective in improving trunk proprioception and core muscle 
endurance.

Proprioception plays an important role in motor control, 
and purposeful action is not possible without propriocep-
tive feedback [23]. A study examining the influence of 
trunk proprioception from a postural position in healthy 
individuals indicated that a decreased perception of the 
joint position may increase the risk of low back pain or 
injury [24]. This reveals the requirement for exercises that 
improve trunk proprioception. A study investigating the 
effects of 5-week Pilates exercises on dynamic balance 
demonstrated that, although proprioceptive sensation was 
not evaluated, providing feedback with verbal and tactile 
cues to correct erroneous movement patterns during the 

exercises may have increased kinesthetic awareness. This 
study demonstrated that increased kinesthetic awareness 
resulted in improved motor control [25]. Our study indi-
cated that the 6-week online Pilates exercise program pro-
vided a significant improvement in trunk proprioception. 
This result highlights the effectiveness of online Pilates 
exercises in preventing proprioceptive losses. As our study 
shows, online Pilates exercises are an exercise approach 
that improves trunk proprioception and can be included 
among the preventive approaches in healthy individuals. 
Because there are no other studies investigating the effect 
of Pilates on trunk proprioception, a literature comparison 
on this subject could not be performed.

Core or trunk muscle strength is important for the suc-
cessful performance of sports or daily activities [6]. One 
of the goals of Pilates exercises is to strengthen and train 
the core muscles for the control of trunk movement in all 
three planes [26, 27]. Pilates exercises focus on strength-
ening the core muscles to stabilize the trunk [28]. There 
are many studies investigating the effects of Pilates exer-
cises on trunk muscle endurance in healthy individuals. 
A systematic review including 16 randomized controlled 
trials that examined the effectiveness of Pilates in healthy 
individuals provided moderate evidence for improving 
muscular endurance [12]. Nine randomized controlled 
trials on the effect of Pilates exercises on healthy individ-
uals were discussed in another systematic review. These 
results demonstrated that Pilates exercises performed two 
to three times a week for 5–12 weeks increased abdomi-
nal muscle endurance in both genders [29]. In another 
study involving 50 healthy individuals, the participants 
were divided into control and Pilates groups. While the 
participants in the Pilates group followed a 1-h Pilates 
exercise program 2 days a week for 12 weeks, the control 
group continued their routine activity level. The study 
showed that trunk flexor muscle endurance increased in 
the Pilates group [3]. These studies support our results 
in terms of showing that Pilates exercises increase core 
muscle endurance in healthy individuals. Our results 
demonstrated that there was a significant improvement 
in the Pilates group in all core endurance tests. Although 
there are studies in the literature showing that Pilates 
exercises increase core muscle endurance, there is no 
study investigating the effect of online Pilates exercises 
on core muscle endurance. In this respect, our study has 
a unique value.

Telehealth exercise protocols have been developed to 
assist people living in different conditions [30, 31]. In 
the COVID-19 pandemic, where people around the world 
require to be isolated to prevent the spread of the virus, 
telehealth exercise practices have become more important 
[32]. Home exercises may be safer than gymnasiums to 
avoid an increase in pandemic cases [33]. We conducted 

Fig. 1   CONSORT flowchart showing participation in the study

Table 1   Demographic characteristics of the participants

Data are presented as Median (IQR). *p < 0.05, PG Pilates group, CG 
control group, BMI body mass index

PG (n = 17) CG (n = 16) p

Age (years) 22 (20–23) 20.5 (20–22) 0.407
Body weight (kg) 58 (54–68) 59 (55–67) 0.787
Height (cm) 164 (160–170) 167.5 (164–171) 0.406
BMI (kg/m2) 20.9 (19.31–23.3) 21.15 (19.36–24.17) 0.773
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our work on an online platform as it may pose a risk to 
perform breath-focused Pilates exercises face-to-face in 
the pandemic. Thus, we had the chance to demonstrate the 
effect of online Pilates exercises performed with a physi-
otherapist on trunk proprioception and core muscle endur-
ance. Our study revealed that online exercise applications 
performed with a physiotherapist give positive results 
even in the home environment, especially without enter-
ing closed and crowded environments in the pandemic.

The study was carried out with female participants 
between the ages of 18 and 25. The limitation of the study 
is that individuals from different age groups and male 
participants were not included. Future studies involving 
individuals from both sexes and different age groups are 
needed.

Conclusion

This study revealed that online Pilates exercises per-
formed at mat level for 6 weeks in healthy individuals had 
positive effects on trunk proprioception and core muscle 

endurance. Online Pilates exercises with a physiotherapist 
are a type of tele-exercise that increases physical activity 
and provides beneficial gains in situations where it is a risk 
to be in crowded environments such as the COVID-19 pan-
demic or when access to exercise centers is not available. 
Our study is the first study in the literature to examine 
the effects of Pilates exercises on trunk proprioception. 
Moreover, it is the first study to reveal the effects of online 
application of Pilates exercises. There is a requirement for 
future studies examining the effect of Pilates exercises on 
trunk proprioception in individuals of different age groups 
and with different pathologies. To demonstrate whether 
online Pilates training is as effective as face-to-face Pilates 
training, additional studies are required to compare online 
Pilates training with face-to-face Pilates training.
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