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Purpose: The primary objective was to investigate the effects of Pilates exercises on CS, and the secondary objective was to assess
static trunk balance after recovery from COVID-19.

Patients and Methods: 145 recovered COVID-19 university students between the ages of 19 and 25 participated in this single-
blinded, randomized controlled trial study. The participants were divided into a Pilates group and a control group, each of which
received a home exercise program. Core muscle endurance was measured using the five basic endurance tests and static balance using
the Prokin system with open eyes (OE) and closed eyes (CE) at baseline and after three months of treatment.

Results: All measured parameters showed improvement within the groups after treatment. Group comparison revealed a significant
increase in the Pilates group in all core endurance tests (P<0.001). The Prokin system results showed improvement in the Pilates group
after treatment, while perimeter with OE, CE, and ellipse area with EC decreased (P<0.001), but there was no significant difference in
ellipse with OE between the groups.

Conclusion: Pilates exercises positively improved core muscle endurance and trunk balance in people infected with COVID-19,
which will be reflected in their quality of movement patterns and quality of life.
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Introduction
Despite the respiratory nature of COVID-19, it affects other systems: cardiovascular, gastrointestinal, neurological, and
musculoskeletal.' Post-COVID-19, or “long COVID”, refers to the enduring symptoms of a COVID-19 infection, impacting
various organs and bodily systems, including skeletal muscle.* COVID-19 is a health problem that limits participation in
physical activity because it creates many barriers to it, including physiological, psychological, behavioral, and reduced
physical activity that adversely affect quality of life (QoL) and the musculoskeletal system. The practice of physical activity is
essential for promoting overall wellness and maintaining a healthy lifestyle. COVID-19 survivors without preexisting
musculoskeletal conditions experience skeletal muscle weakness, diminished performance, decreased physical fitness,
respiratory impairment, psychiatric conditions such as post-traumatic stress disorder, reduced QoL, abnormal movement
patterns, and musculoskeletal complications.*

Muscle atrophy after COVID-19 is one of the musculoskeletal system affections, and it was hypothesized that this atrophy
might be attributed to inflammation, angiotensin converting enzyme 2, muscle catabolism, hypoxia, and medication received
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during COVID-19 treatment side effects.' Studies have shown that individuals experience reduced muscle function even 12
months after discharge from the hospital due to prolonged COVID-19. The collective data suggests that prolonged COVID-19
adversely affects muscle mass, function, and QoL.” Individuals with pulmonary disease and COVID-19 experience core
muscle weakness and decreased static and dynamic balance, leading to fatigue and falls.® Accordingly, it affects core stability.

Core stability (CS) is the lumbopelvic-hip complex’s core box and has the ability to maintain vertebral column
balance and stability within normal motion, minimizing external displacement, and preserving core structural integrity.’
The core box is a three-dimensional structure with the transversus abdominis muscle in front, the paraspinal and gluteal
muscles in back, the diaphragm in the top, and pelvic floor muscles in the bottom.®? A factor that complicates the
contribution of these muscles to trunk control is their essential roles in respiration and continence. In chronic respiratory
disease and during induced hypercapnia, postural activation of these muscles is impaired.'®

A recent systematic review found that there is not much research on non-drug treatments for post-viral syndromes and
COVID-19. The reviewers found randomized clinical trials that were done in 2021 that looked at music therapy,
telerehabilitation, resistance therapy, and neuromodulation, but they did not look at all the symptoms experienced in
these cases, focusing only on dyspnea, arthralgia, general pain, and quality of life."" In this study, we addressed the effect
of COVID-19 on core stability and introduced treatment exercises. Randomized control trials (RCTs) show Pilates offers
significant benefits to enhance core muscle strength and alleviate discomfort compared to a lack of exercise.'” Pilates
exercises have been shown to improve core muscle strength and have a positive effect on pain reduction. Moreover, it
enhances the vital capacity and tidal volume of the lungs."?

Most physical therapy interventions during and after COVID-19 focused on respiratory and general fitness
rehabilitation in severely infected elderly individuals rather than balance and endurance training, as reported in the
following studies: Mayer et al demonstrated an 8-week program of aerobic exercise, strengthening exercises, diaphrag-
matic breathing techniques, and mindfulness training for the post-COVID-19 case and assessed the patient’s cognitive
and emotional state."* Cevei et al conducted robotic gait training, occupational therapy, and messages on six elderly
individuals post-COVID-19, evaluating their activity and participation by the Barthel index and functional indepen-
dence measure.'” Ponce-Campos et al looked at an indoor program of aerobic exercises for 4 weeks for people who
had COVID.'® Mashhadi et al found that 8 weeks of respiratory exercises and core stabilization tele-exercise improved
quality of life and functional capacity.!” A 10-week program using instrumental Pilates exercises with slow and
controlled breathing exercises significantly improved heart rate variability (HRV) and respiratory parameters. So, the
most important feature that distinguishes this study from other research is that it aimed to treat mild-to-moderately
recovered infected cases in younger adults using Pilates exercises to improve core muscle endurance and balance.

Pilates is a comprehensive exercise technique that integrates mind and body, strengthens core muscles, and focuses on the
posterior pelvic tilt, which is the conventional method of Pilates.'® It was developed by Joseph Pilates into contemporary
Pilates and has evolved with modern scientific advancements to render it more suitable, effective, and secure for the involved
individuals.'” There are six fundamental principles for Pilates training: centering, focus, control, precision, breath, and flow.?°
They maintain neutral spinal alignment and engage deep abdominal and pelvic floor muscles through co-contraction." It was
found that core muscle endurance, depression, and quality of life improved after pilates in online and face-to-face settings in
healthy individuals during the COVID-19 pandemic.**

The scientific literature has focused primarily on severe COVID-19 cases, with limited understanding of patients with
mild to moderate infections who have persistent musculoskeletal symptoms.>* Similarly, they have focused on physical
therapy programs to improve quality of life, respiratory and pulmonary function, and functional capacity.>**> There is no
research and exercise program evaluating core stability and the effect of Pilates on core endurance and postural stability
after COVID-19. Therefore, the purpose of this study was to evaluate the effect of Pilates exercises on core endurance
and static balance of the trunk; accordingly, we hypothesized that there would be no effect of Pilates exercises on core
endurance and static balance in participants recovering from COVID-19.
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Materials and Methods

Study Design

This is a single randomized controlled trial conducted from December 26, 2021, to February 23, 2023, and it met the
reporting requirements for randomized controlled trials.”® An independent assessor accompanied the randomization process.
Computer-generated randomization was used to assign participants to two groups: the study group (Pilates) (41 females + 33
males) and the control group (43 females + 28 males). Allocation was performed using a sealed, opaque envelope.

Participants

A study was conducted on 145 COVID-19-infected students (both sexes) aged 19 to 26 from Jazan University.
Participants were selected based on the following criteria: mild to moderate COVID-19 symptoms, a body mass index
<25 kg/m?, and non-athletic. Participants were recruited through advertisements in social media groups and student
bulletin boards, and we verified their medical status through the records of COVID-19 within the unified platform of the
Ministry of Health (Sehhaty) in Saudi Arabia.

Any subject was excluded if they had severe COVID-19, chest pain or symptoms of heart failure, or cardiopulmonary,
visual, vestibular, or central nervous system disorders;>’ previous back or abdominal surgery; evidence of systemic or
musculoskeletal disease within the previous six months;*® pregnancy and lower limb asymmetries; enrollment in another
treatment program. Participants were informed of the potential risks and benefits of the study and signed a written
informed consent form before the study began. The study was conducted according to the tenets of the Declaration of
Helsinki, and the clinical trial registration number was NCT04871672. The ethical approval reference number (REC-43/
03/036) was obtained from the Standing Committee for Scientific Research at Jazan University. The sample size was
determined using G-Power software (Universities, Diisseldorf, Germany) with a power of 80%, a p-value of 0.05, and an
effect size of 0.5. A sample size of 126 subjects was included in the study, and to compensate for the dropout rate, the
sample was increased to 75 subjects in each group (Figure 1).

Outcome Measures
Primary Outcome Measures
Core Endurance Test
Five core endurance tests were performed, in which the subject maintained a static position for as long as possible. The
endurance tests are the abdominal fatigue test, the Sorensen back extension test, the prone plank test, and the right and
left side plank tests.”” The investigator used a handheld digital stopwatch to time the trials in seconds, with the subjects
receiving verbal instructions and visual examples.?® Participants were encouraged to give their best effort, and the order
of the tests was randomized to eliminate order effects. In addition, an interval of approximately 10 seconds was
maintained between consecutive tests to reduce the influence of fatigue on performance.*®

Abdominal fatigue test (trunk flexor test): was performed with a 60° angle of flexion, a 90° knee and hip flexion, arms
crossed over the chest, and the position was maintained as long as possible. The Sorensen test (trunk extensor test) was
performed in a semi-prone position with the pelvis, hips, and knees fixed on a treatment table, the arms crossed over the
chest, and a horizontal body position maintained for as long as possible. Side plank test: The participant assumed
a sideways position on a mat, supporting the body weight with the lower elbows and feet while lifting the hips. The test
was stopped when the side-lying position was lost or the hips returned to the mat.>' The Prone Plank Test: Participants
assume a prone position on an elbow-supported mat, lifting their hips and torso on their forearms and toes while
maintaining a straight position with their elbows under their shoulders.*'

Secondary Outcome Measures

Static Balance Measurement

It is valid and accurate to use the Prokin System (Prokin-PK 212-252-TechnoBody-Italy) to check both static and dynamic
balance by moving the force platform from the center of pressure (COP) movements to measure postural sway.>> A 5-minute
warm-up of walking at a moderate speed (2.5-3 miles per hour) on the treadmill was performed prior to measurement.
Participants using a Prokin device were instructed to look straight ahead at a screen with their arms at their sides and to focus
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[ Enroliment ] Assessed for eligibility (n=170)

Excluded (n=14)

A4

Not meeting inclusion criteria (n=10)

= Declined to participate (n=4)

Randomized + Other reasons (n=0)

l

\4 A 4

Allocated to Pilates group [ Allocation ] Allocated to control group

(n=44 females, 34 males) (n=43 females,35 males)
Received allocated intervention Received allocated intervention
(n=43 female, 34 males) (n=43 females, 32 males)

Did not receive allocated intervention Did not receive allocated intervention
(family matter) (n= 1female) (study matter) (n= 3 males)

!
Lost to follow-up [ Followtl ] Lost to follow-up
(Irregular attendance) (Irregular attendance) (n=1 male)
(n= 2 females) Discontinued intervention
(traveling matter) (n= 1 male)

| I

Analysed [ Analysis ] Analysed

(n=41 females, 33 males) (n= 43 female, 28 males)
Excluded from analysis Excluded from analysis
(traveling abroad) (n= 1 male) (give reasons) (n=0)

Figure | Consort flowchart.

on a stationary target. They performed two standing trials with eyes open and closed, each lasting 30 seconds. Four outcome
variables were calculated in two conditions: perimeter (mm) and ellipse area (mm?) with eyes open (OE) and eyes closed (CE).
The test was repeated twice, and the mean value was recorded.*

Perimeter (mm): measures chaotic lines during body sway, with good postural balance observed with shorter lines.>* Ellipse
area (mm°): represents the area of body sway, elliptical in shape, covering at least 90% or 95% of the chaotic sway lines, with
smaller areas resulting in better balance performance.®> Measurements were taken before and after three months of treatment.

Both outcomes were collected in the laboratories of the Physical Therapy Department, College of Applied Medical
Sciences, Jizan University. An independent assessor collected data for the core endurance testing and static balance data.
Both outcomes were measured in two separate, consecutive sessions to avoid participant fatigue.

Intervention
1. The home exercise program included daily 15-minute breathing exercises, self-stretching activities targeting
various muscles (pectoralis major, shoulder extensors, back muscles, hip flexors, hip adductors, and hamstring
muscles), and 15 minutes of daily walking to improve overall physical health.
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2. Pilates exercise program: The Pilates exercise program lasted for three months and consisted of three weekly sessions.
Each session lasted one hour. Each session began with 10 minutes of simple stretching movements to warm up,
followed by 40 minutes of the main exercise routine, followed by 10 minutes of cool-down stretching. Participants
were trained by a qualified practitioner, given step-by-step instructions, and taught the proper breathing techniques
and spinal neutrality prior to the intervention. The program included five basic intermediate Pilates exercises: the mat
hundred, roll-up, one-leg circle, rolling like a ball, and spine stretch. These exercises are suggested by Thompson et al
and focus on voluntary activation of the deep abdominal muscles by pulling the navel toward the spine and combining

the movement with breathing.*® CS was assessed by endurance testing after 12 sessions.*”*®

The following are the descriptions of the Pilates exercises:

Mat-Hundred: The exercise involved lying on a mat with legs bent and feet flat on the floor. The participant inhales to engage
the abdominal muscles, then lifts the head and shoulders off the mat with the eyes between the legs. Arms pump vigorously,
lifting up and down no higher than the hips. The exercise was repeated 10 times with 5 inhales and 5 exhales for a total of 100.

Mat-Roll-Up: The participant positioned the legs parallel to the ground, flexed the legs, and extended the arms above
the head. Focus on the gaze and position of the arms for a thorough examination. The action includes taking a deep
breath, then rolling the body upward. Maintain the C-curve by exhaling forward and lifting the abdomen inward. Rolling
shoulder blades down the back ensures the shoulders are relaxed and broad. Inhaling and maintaining the curvature of the
spine by lowering the lower back towards the mat.

Mat-one-leg circle: The participant assumed supine, extended one leg vertically towards the ceiling, aligned both legs
along the centerline, and secured arms, shoulder blades, pelvis, and head onto the mat. Create a circular shape with the
toe, then cross a leg over the body and execute a circular motion below, around, and above. Roll down the shoulder
blades while maintaining contact with the mat. Inhale during one cycle and exhale during the next.

Mat-Rolling Like a Ball: The participant demonstrated it by placing his hands crossed, keeping his heels firmly on the
floor, and performing a forward curling motion. Then lifts his feet off the mat, keeping his heels close together and his
toes slightly apart. Engaging the abdominal muscles, keep the chin lowered toward the chest, and inhale to initiate
a backward rolling motion. Maintain a state of equilibrium while rolling up and looking down.

Mat-Spine Stretch: The student sat on his back, chin to chest, and extended his leg while imprinting his spine on the
mat. He pressed his shoulder blade tips into the mat, drawing his belly in and up. He then lowered his leg to the ground,
touching the calf three times. He inhaled to switch, and he exhaled to lower and touch.

Statistical Analysis

A histogram, drawing box plot, mean, standard deviation, and Shapiro—Wilk test were employed to examine the
homogeneity of the observed results. The distribution of all assessed variables (core endurance tests, Prokin indices)
showed a parametric distribution. In order to distinguish between and within the measured outcomes, a two-way mixed
model MANOVA was employed. The demographic information of the individuals was compared using the unpaired
t—test, and the nominal data were compared using the chi-square test. Mean and standard deviation were used to represent
quantitative data, and numbers and percentages were used for nominal data. An alpha level of 0.05 or less was set as
a significance level. SPSS version 20 was used for all statistical computations.

Results

This study included a total of 145 undergraduate students, consisting of 84 females and 61 males. Figure 1 presents the
study flowchart. Table 1 displays the demographic characteristics of the participants. Findings revealed no statistically
significant difference between the two groups regarding age, weight, height, BMI, or sex, and the baseline values of the
measured outcomes (p > 0.05), as displayed in Tables 1-3.

After 3 months of exercise, the within-group comparison revealed a significant difference in both the Pilates and control
groups in all the tested outcomes (p<0.001). Comparison between groups exhibited an improvement that favored the Pilates
group regarding the core endurance tests (p < 0.05), Prokin balance indices OE_Perimeter, OE Perimeter, and OE_ Ellipse
area (p < 0.001); however, there is no difference regarding CE  Ellipse area (p = 0.062), as shown in Tables 2 and 3.
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Table | Demographic and Clinical Characteristics of Both Groups

Characteristics Study Group (Pilates) Control Group P value
(n=74) (M1SD) (n=71) (M1SD)

Age (years) 22.24+2.12 22.41%2.06 0.632

Height (cm) 163.24+7.54 161.34£6.8 0.112

Weight (Kg) 59.82+10.34 57.1+8.86 0.090

BMI (Kg/m) 22.26+2.22 21.8x2.11 0.204

Sex

M n (%) 33(44.6%) 28(39.4%) 0.529

F n (%) 41(55.4%) 43(60.6%)

Note: P value, significance level.
Abbreviations: M+SD, mean * standard deviation; n, number; BMI, body mass index; M, male; F, female; %, percentage.

Table 2 Within and Between Groups, Comparisons of the Primary Outcome Measures (Core Endurance Tests)

Variables Study Group (Pilates) Control Group Effect Size P value
(n= 74) (MtSD) (n=171) (MtSD)

Abdominal Fatigue Test (sec)- Normal Reference 147 s (M/F=144 s/149 s)
Baseline 542+ 73 52.52+11.37 0.289
Post treatment 141.81£19.86 80.02+10.40 0.787 <0.001
P value* <0.001 <0.001
MD (95% Cl) 87.6(84.16-91.1) 27.5(23.9-31)
(% of change) (161.62%) (52.36%)

The Prone Plank Test (s

ec)- Normal Reference 83.6 s (M/F =103 s/70 s)

Baseline 41.1916.46 39.25+12.8 0.252
Post treatment 100.66+8.49 58.26+19.53 0.665 <0.001
P value* <0.001 <0.001
MD (95% Cl) 59.46(57.48-61.44) 19(16.9-21)
(% of change) (144.36%) (48.41%)

Sorensen Test- Normal Reference 171.2 s (M/F =146 s/ 189 s)
Baseline 52.41£21.7 47.23£13.95 0.091
Post treatment 109.54+15.98 68.7£17.14 0.572 <0.001
P value* <0.001 <0.001

MD (95% ClI)
(% of change)

57.13(52.54-61.72)
(109.0%)

21.48(16.79-26.17)
(45.48%)

Rt Side plank test (sec)-

Normal Reference 81.1 s (M/F=94 s/72 s)

Baseline 36.15+13.25 37.66£13.52 0.497
Post treatment 99.8748.34 52.25+14.1 0.802 <0.001
P value* <0.001 <0.001
MD (95% Cl) 63.72(61.85-65.58) 14.6(12.68-16.5)
(% of change) (176.27%) (38.77%)
(Continued)
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Table 2 (Continued).

Variables Study Group (Pilates) Control Group Effect Size P value
(n= 74) (M£SD) (n=171) (M£SD)

Lt Side plank test(sec)-Normal Reference 85.3 (M/F=97s/77 s)
Baseline 35.85+15.25 37.45+14.52 0.520
Post treatment 96.74+8.55 54.54+12.78 0.793 <0.001
P value* <0.001 <0.001
MD (95% Cl) 60.88(58.17-63.6) 17.1(14.3-19.85)
(% of change) (169.82%) (45.66%)

Notes: P value*, within group significance level; p value, between groups significance level.
Abbreviations: M1SD, mean * standard deviation; n, number; Cl, Confidence interval; M/F, male/female; Rt, right side; Lt, left side.

Table 3 Within and Between Groups, Comparisons of the Secondary Outcome Measures (Prokin System Variables)

Variables Study Group (Pilates) Control group Effect size P value
(n=74) (MiSD) (n=71) (MtSD)

OE_ Perimeter (mm)
Baseline 410.9£120.64 424.87+120.30 0.486
Post treatment 239.8+76.8 308.39+92.12 0.123 <0.001
P value* <0.001 <0.001
MD (95% Cl) 171.1(179.9-162.2) 116.48(107.44-125.52)
(% of change) (41.64%) (27.42%)

CE_ Perimeter (mm)
Baseline 560.25+134.9 576.1£132.35 0.477
Post treatment 348.49+95.76 448.91£110.97 0.173 <0.001
P value* <0.001 <0.001
MD (95% Cl) 211.77(219.68-203.86) 127.17(119.1-135.24)
(% of change) (37.80%) (22.07%)

OE_ Ellipse area (mm?)
Baseline 677.68+108.9 690.43+112.31 0.489
Post treatment 498.6+97.4 530.5%106.73 0.009 0.062
P value* <0.001 <0.001
MD (95% Cl) 179.1(194.78-163.35) 159.93(143.88-175.98)
(% of change) (26.43%) (23.16%)

CE_ Ellipse area (mmz)
Baseline 1106.43£146.84 1125.79+151.25 0.435
Post treatment 841.37£141.11 938.91£141.36 0.068 <0.001
P value* <0.001 <0.001

MD (95% Cl)
(% of change)

265.1(270.1-260.03)
(23.96%)

186.88(181.75-192.02)
(16.6%)

Notes: P value*, within group significance level; p value, between groups significance level.

Abbreviations: M+SD, mean * standard deviation; n, number; Cl, Confidence interval; M/F, male/female; OE, open eyes; CE, closed eyes; Sec,

seconds; mm, millimeter; mm,? millimeter square, effect size: partial eta squared of between group comparisons.
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Discussion

To the best of our knowledge, this is the first study that has been conducted to investigate the effect of pilates exercise on
core endurance and static balance after recovery from COVID-19. A 12-week Pilates exercise program showed positive
results for core endurance and static balance; therefore, we rejected our null hypothesis regarding the effects of Pilates
exercises on core endurance and static balance. For all participants, the baseline scores of the five core endurance tests
performed were well below the normal average means, indicating the weakness of the core muscles of the participants
included in the study. We used the normal average means from McGill et al for the trunk flexor, trunk extensor, and right
and left side plank tests as guides in our study because the characteristics of their sample were similar to ours.?® For the
prone plank test, we used the normal values from Strand et al.>* In the Pilates group, the post-scores on the core
endurance tests increased by almost twice the pre-training score compared to the control group.

The core endurance improvement could be attributed to that Pilates exercises improve pulmonary function and
capacity by engaging the respiratory muscles,*® increasing oxygen delivery to skeletal muscles. Moreover, enhancement
of trunk proprioception and trunk control give another clarification of the effect of Pilates training on core endurance,
particularly the effect on the local core muscles, which play an important role in improving movement quality, postural
balance,*' and neuromuscular efficiency and consequently improve proximal stability.*

Pilates exercises increase the thickness of the transverse abdominis (TrA), internal and external oblique, pelvic floor,
and multifidus muscles, as confirmed through ultrasound evaluation after the application of pilates exercises.**** These
play a key role in trunk stability. In addition, Pilates exercises increase core muscle contraction and intra-abdominal
pressure, stabilizing the lumbar spine and pelvis.***® This finding was confirmed recently by the Tsartsapakis et al.*’
They found that Pilates exercises significantly improved overall TrA thickness and activation in 44 healthy young and
middle-aged women, particularly in young women aged 25-35 years. Moreover, the current results are supported by
previous studies examining the greatest effects of core stability exercises and Pilates on TrA activation.*’ >’

Pilates exercises also improve neutral spinal alignment, co-contraction of the pelvic floor and deep abdominal
muscles,”’ and awareness and coordination of the TrA,** as supported by a systematic review and meta-analysis that
concluded that Pilates exercises performed for 5 to 12 weeks in healthy individuals, showing improved activation of core
muscle endurance in both sexes,’’ despite being conducted on healthy individuals.

The improvement in core muscle endurance was verified by the Lee study, which analyzed 16 experienced Pilates
practitioners and 16 non-experienced subjects using 3D motion analysis. He found that experienced subjects had stronger
abdominal and lower back core muscles and better trunk and pelvic stability, with a moderate correlation between
experience and core stability.*?

The Pilates group showed better static core balance than the control group, as indicated by a significant decrease in
perimeter with OE and CE and ellipse area with CE compared to the control group. The decrease in perimeter and ellipse
area was higher in OE than CE due to visual information improving the brain’s motor program and replacing the loss of
somatosensory function.>>

The Prokin system is a valid instrument that was used for evaluation of balance after balance training in people with
white matter lesions,”” and stroke patients.”® Their results showed decreased parameters in perimeter and ellipse areas
after 2 to 3 weeks of training.

The present results come in agreement with a study that examined the effect of Pilates mat exercise for 12 weeks on
static and dynamic balance posture in 20 Korean high school archers using the Humac Norm Balance System. Dividing
participants into exercise and control groups showed that only the exercise group showed improvement in both balance
postures.38

Previous studies investigated the effect of Pilates mat exercises on pulmonary function and quality of life in
COVID-19 patients; recently, Bagherzadeh-Rahmani et al conducted a study on the impact of Pilates and aqua Pilates
training on COVID-19 patients, revealing significant improvements in pulmonary function and quality of life,
attributing this effect to Pilates’ impact on core muscle endurance and balance.”® Moreover, a recent systematic
review conducted on multiple sclerosis patients reported that Pilates exercise improves core stabilization, balance, gait,
muscle strength, and aerobic capacity.’
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The results of this study provide evidence of decreased core stability as a result of COVID-19 and support what other
studies have found about the effects of Pilates. Our study is valuable and has many strengths: the sample size was
sufficient to represent the study population; we used an easily clinically applicable and reliable method to assess core
endurance using the five core endurance tests; and we used an objective, reliable method for static balance testing. The
treatment program of this study lasted for a 12-week period, demonstrating its importance and practical implications in
the evaluation and treatment of core muscle endurance and static balance in cases of post-COVID-19 infection. However,
there are certain limitations to this study: first, it was not possible to blind the participants; second, it focused on
examining only two aspects of core stability (endurance and balance); and third, it did not examine long-term follow-up
after Pilates training was discontinued.

Conclusion

The study confirmed the decreased core muscular endurance after recovery from COVID-19 and showed that adding
Pilates training to home exercises significantly improved core stability, endurance, and static balance in post-COVID-19
cases.
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