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Research Paper
The Effect of Respiratory and Core Stability Tele-exercises 
on Pulmonary and Functional Status in COVID-19 
Survivors: A Randomized Clinical Trial

Purpose: Various complications, including physical, cognitive, and functional disorders, 
have been identified in patients discharged and recovered from COVID-19. Pulmonary 
rehabilitation (PR) can be considered a strategy for these disorders. This study aimed to 
investigate the effect of respiratory and core stability tele-exercises on pulmonary function 
and functional capacity in survivors discharged and recovered from COVID-19.

Methods: This randomized clinical trial study was performed in Qom Province, Iran, in 2021. 
Thirty discharged patients voluntarily participated in this study and were randomly divided 
into two groups of 15 patients. Eventually, 27 patients in two groups of exercise (13 patients) 
and control (14 patients) completed this study. The exercise group performed respiratory and 
core stability tele-exercise for 8 weeks. Before and after the exercise program, pulmonary 
function, including forced vital capacity (FVC), forced expiratory volume in 1 s (FEV1), 
FEV1/FVC ratio, and six-minute walk test (6MWT) were assessed in both groups. Mixed 
repeated measures test in SPSS software v. 27, was used to compare the mean of pre-test-
post-test information of the groups. The significance level for this study was considered 0.05.

Results: In the exercise group, a significant improvement was observed in FVC, FEV1, and 
6MWT after the intervention (P≤0.05), but no significant difference was observed in the 
FEV1/FVC ratio (P>0.05). Furthermore, a significant interaction was observed in 6MWD, 
FVC, FVC (predicted), FEV1, and FEV1 (predicted). However, in FEV1/FVC ratio, no 
significant interaction was observed between the two groups (P>0.05).

Conclusion: The results of the study showed that in the new crisis resulting from persistent 
complications of COVID-19, respiratory and core stability exercises by the tele-exercise 
method could be used as a helpful method in the rehabilitation of patients discharged and 
recovered from COVID-19 disease. 
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1. Introduction

substantial proportion of patients with 
severe acute respiratory syndrome coro-
navirus-2 (SARS-CoV-2) still have 
symptoms that have long passed since 
they recovered from the initial phases 
of COVID-19 [1]. Recent evidence sug-

gests that a wide range of symptoms may persist af-
ter acute infection in many survivors of COVID-19, 
known as long COVID [2]. According to the results of 
review studies on persistent post-acute symptoms of 
COVID-19 survivors, fatigue, pulmonary dysfunction, 
psychological problems (such as depression and post-
traumatic stress), decreased quality of life, movement 
disorders (such as balance and gait pattern), and mus-
culoskeletal problems (such as myalgia and joint pain) 
were the most persistent symptoms [3]. 

Several studies have shown that dyspnea is a common 
manifestation after COVID-19 infection, and one study 
reported that 43.4% of evaluated patients still had dys-
pnea 60 days after COVID-19 infection [4]. At 90 days 
after discharge, residual abnormalities of pulmonary 
function were observed in 25. 45% of the group, mostly 
demonstrating a decrease in the diffusing capacity for 
carbon monoxide, which should be considered in rou-
tine clinical follow-up for recovered patients, especially 
in recovered patients of severe cases [5]. At 4 months 
after discharge, physical and psychological complica-
tions were common among recovered patients from CO-
VID-19 [6]. After the acute phase, COVID-19, primarily 

respiratory disease, may become a movement disorder 
associated with time spent in intensive care [7]. 

At 6 months, persistent dyspnea has been reported to be 
associated with decreased physical fitness. People with 
persistent dyspnea should be offered appropriate reha-
bilitation intervention, including muscle reconditioning, 
breathing retraining, and respiratory muscle training [8]. 
The importance of post-acute COVID-19 rehabilitation 
has been emphasized in the context of the international 
classification of functioning (ICF), disability, and health 
[9]. Pulmonary Rehabilitation (PR) is a safe, feasible, 
and effective therapeutic intervention in COVID-19 pa-
tients, regardless of the severity of the disease, which 
can be considered an option for treating pulmonary dis-
orders caused by COVID-19 [10]. Patients may improve 
muscle function, strengthen the respiratory muscles, and 
improve pulmonary function via PR exercises [11]. 

For COVID-19 patients, breathing exercises aim to 
improve shortness of breath, reduce anxiety and de-
pression, prevent and improve dysfunction, reduce 
complications, maintain function, and improve qual-
ity of life as much as possible [12]. According to the 
results of some studies, pulmonary functional im-
pairments have been reported in the recovery of CO-
VID-19 even after rehabilitation programs [13]. After 
discharge from the hospital, telemedicine services can 
be used to follow recovered patients at home. Motor 
telerehabilitation is recommended to maintain and in-
crease independence, especially for patients who have 
lost some of their function in daily activities after dis-
charge [14]. Tele-rehabilitation seems a good option 

A

Highlights 

● Pulmonary rehabilitation can be considered as a strategy for physical, cognitive and functional persistent symp-
toms of COVID-19 Survivors.

● The diaphragm both creates inspiratory airflow and helps to mechanically stabilize the spine.

● There is no evidence on effect of core stability tele exercise in addition to respiratory exercise on pulmonary 
function and functional capacity in COVID-19 survivors.

Plain Language Summary 

COVID-19 acute respiratory syndrome has spread around the world. Various complications including physi-
cal, cognitive and functional disorders have been identified in COVID-19 Survivors. Considering the persistent 
symptoms and clinical condition of COVID-19 disease, motor and pulmonary rehabilitation is necessary for the 
recovering. Respiratory and core stability exercises by tele-exercise method can be used as a useful method in 
rehabilitation of recovered persistent symptoms of discharged patients from COVID-19 diseases. 
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for patients discharged from inpatient rehabilitation to 
continue treatment and further their recovery [15, 16]. 

On the other hand, the core muscles play a vital role 
in lung function and also in spinal stability and postural 
control. The diaphragm is the main respiration muscle, 
but it is also active in spinal oscillations. Therefore, in 
addition to PR exercises, core stability exercises appear 
useful for COVID-19 survivors. Therefore, the present 
study aimed to evaluate the effect of selected respiratory 
and core stability tele-exercise on pulmonary function 
and functional capacity in COVID-19 survivors.

2. Materials and Methods

This study was an RCT conducted from September to 
December 2021. Thirty survivors of COVID-19 volun-
tarily participated in this study with a history of hospi-
talization due to definite COVID-19 in Shahid Beheshti 
and Forghani hospitals in Qom Province, Iran. Because 
of leaving three patients (due to heart surgery, pregnan-
cy, and neck surgery), finally, 27 people (14 female and 
13 male, mean age 47.04±9.68 years, mean body mass 
index [BMI] 28.45±4.93 kg/m2) in two groups of ex-
ercise (n=13) and control (n=14) completed this study. 
G×Power software was used to estimate the sample size. 
The values applied in the software included effect size: 
0.4, test power: 0.95, and α level: 0.05. First, the list of 
300 people discharged from the hospital was numbered. 
Then, according to these numbers, individuals were 
selected from the list of patients. To read the numbers 
after selecting the starting point from the list, the count-
ing direction was down. Even numbers were assigned to 
the experimental group and odd numbers to the control 
group. We wrote down the numbers until the sample size 
reached 15 people in both groups.

The inclusion criteria include hospitalization due to 
COVID-19 approved in the hospital, the age range be-
tween 35 and 59 years, and the hospitalization period of 
at least one week. The exclusion criteria included ortho-
pedic and neurological injuries and follow-up and imple-
mentation of an exercise program apart from the present 
study. Before and after the exercise program, pulmonary 
function tests (PFTs), including FVC, FEV1, and FEV1/
FVC ratio, were assessed in both groups by spirometry 
(SpirolabII, MIR, Italy). For this purpose, after placing 
the nasal clip, the person was asked to sit down, and after 
two or three normal inhalations and exhalations, take a 
deep breath and exhale quickly and powerfully for 6 s. 
This test is performed at least three and at most eight 
times for each person. The six-minute walk test (6MWT) 
was used to assess the functional capacity (FC) in this 

study. In this test, people walked forward at maximum 
speed in a straight hall for 6 minutes. Although this test 
emphasizes non-stop and maximum speed (if possible), 
the subjects will be allowed to rest during the test. Fi-
nally, the walking distance during the 6-minute test was 
recorded for each individual. All tests were performed in 
the office of a sports medicine specialist, and participants 
signed a consent form before the tests.

Exercise program

The exercise group conducted the exercise protocol in 
the form of tele-exercise through video calls for 8 weeks 
and 3 sessions per week. The content of each session 
lasted about 45-60 min. The exercise and control groups 
were allowed to do their normal activities. Respiratory 
exercises consisted of several parts:

1) Breathing muscle training, in which the participants 
used a breathing instrument, for three sets of 10 deep 
breaths in each set, with 1 min rest between the sets;

2) Cough exercise, including three sets of 5 active 
coughs and the progress of 10 coughs;

3) Diaphragmatic breathing, including deep abdominal 
breathing and holding breath for 2-3 s. To progress in 
the exercise by placing a medium weight (1-3 kg) on the 
anterior abdominal wall in the open arch position, the 
patient performed 30 maximal voluntary diaphragmatic 
contractions to resist diaphragmatic decline;

4) pursed-lip breathing, including 3 sets of 10 rep-
etitions in which the patient exhales slowly and exhales 
with the pursed lips; and

5) Chest muscle stretch, in which the patients were 
asked to move their arms in three 10-repetition sets in 
horizontal extension, abduction, and external rotation 
[17, 18].

The core stability exercises suggested by Jeffrey in-
clude five levels [19]: level 1 is the mastery of core con-
traction, level 2 is static with slow movements in a stable 
environment, and level 3 also includes static in an unsta-
ble environment and dynamic movement in a stable en-
vironment, level 4 is dynamic movements in an unstable 
environment, and level 5 is resisted dynamic movement 
in an unstable environment. In the present study, due to 
the limitations of COVID-19 disease, level one to three 
exercises were used (Table 1) [20].
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Data were analyzed using SPSS software v. 22. The 
Shapiro-Wilk and Levene’s tests were employed to 
evaluate the normality of the distribution of scores 
and homogeneity of variance among groups (P>0.05). 
Also, a mixed repeated measures test was used to 
compare pulmonary function and functional capacity 
(Table 2). The significance level was considered 0.05 
for all calculations.

3. Results 

Table 3 presents the individual characteristics of partic-
ipants, including age, weight, height, and length of hos-
pital stay (LOHS). The mean 6-minute walking distance 
in the control group increased by 24.57 m, and in the 
exercise group increased by 95.76 m after participating 
in the exercise rehabilitation program. Mixed ANOVA 
repeated measures test results showed that significant 
differences were observed between Pretest-posttest re-
sults (F1,25=30.48, P=0.000).

The mean absolute values of FVC and FVC (predict-
ed) ratio in the control group increased by 0.34 L and 
11.57%, respectively, and in the exercise group increased 

by 2.15 L and 65.04%, respectively, after participating in 
the exercise rehabilitation program. Mixed ANOVA re-
sults showed that significant differences were observed 
between Pretest (F1,25=14.32, P=0.001) and Posttest 
(F1,25=14.63, P=0.001) results. Also, the mean absolute 
values of FEV1, FEV1 (predicted) ratio were F1,25=6.176 
(P=0.020) and F1,25 =10.474 (P=0.003), respectively. A 
significant difference was observed in the exercise group 
after the intervention. But the FEV1/FVC ratio did not 
change significantly (F(1,25)=1.623, P=0.214).

Furthermore, in 6MWD (F1,25=10.66, P=0.003), FVC 
(F1,25=7.49, P=0.011), FVC (predicted) (F1,25=6.60, 
P=0.017), FEV1 (F1,25=4.88, P=0.036), and FEV1 (pre-
dicted) (F1,25=9.19, P=0.006), a significant interaction 
was observed in the exercise group. But in FEV1/FVC 
ratio, no significant interaction was observed between 
the two groups (F1,25=0.38, P=0.846).

4. Discussion 

This study aimed to evaluate the effect of selected re-
spiratory and core stability tele-exercises on pulmonary 

Table 1. Protocol of core stability exercises

Week Form of Exercise Set/Rep

1
Contracting abdominal muscles, supine position (first level)
Contracting abdominal muscles, prone position (first level)

Contracting abdominal muscles, cat position (first level)
Three sets, 20 repetitions 

2
Contracting abdominal muscles, supine position (first level)
Contracting abdominal muscles, prone position (first level)

Contracting abdominal muscles, cat position (first level)
Three sets, 20 repetitions 

3

Contracting abdominal muscles, supine position, one leg stretched (second level)
Contracting abdominal muscles, prone position with one leg stretched and the other leg bent at the 

knee (second level)
Side bridge (second level)

3 sets, 10 repetitions

4

Bending 45 degrees to the left or right (second level)
Leaning forward (second level)

Back lunges (second level)
Lifting the leg, lying on its side (second level)

3 sets, 15 repetitions

5

Straighten one leg, bend other knees, supine position (second level)
Abduction of one leg, knees bent, supine position (second level)

Lifting the pelvis, supine position, knees on the floor (second level)
Lifting a straight leg lying on its side (second level)

3 sets, 20 repetitions

6

Raise one leg, knees bent, supine position (third level)
Moving one leg from behind, cat position (level three)

Bridging by lifting the body (third level)
Bending forward with straight arms at the side of the body (third level)

3 sets, 10 repetitions

7

Back lunge with straight arms beside the body (Level 3) 
Lifting one leg, bending one knee, lying on the side (third level)

Straighten the leg, bending one knee, and supine position (level 3)
Hip abduction, bending one knee, and supine position (level 3)

3 sets, 15 repetitions

8

Lifting the pelvis and legs off with extended knees (third level)
Lifting two legs straight, knees lying on the side (third level)

Straightening the opposite arm and leg in the cat position (third level)
Bridging by extending one knee lying on the back (third level)

3 sets, 20 repetitions
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Table 3. Demographic information of the studied groups

Mean±SD
Group

Length of Hospital Stay (d) Age (y)Height (cm)Weight (kg)

10.69±6.76 48.84±9.82 166.53±9.8375.92±12.95Exercise (n=13)

10.64±3.9345.35±9.59164.71±8.1379.67±15.01Control (n=14)

10.66±5.3747.04±9.68 165.59±8.8677.87±13.92Total (n=27)

function and functional capacity in COVID-19 survi-
vors. Most studies on the effect of exercise on func-
tional capacity and pulmonary function after discharge 
from COVID-19 hospital are currently limited to ob-
servational studies [21]. However, the results of previ-
ous studies showed that exercise therapy in COVID-19 
survivors had a significant effect on functional capacity, 
especially 6-minute walking distance [18-32] and pul-
monary function [9, 10]. 

The results showed that PFTs (except FEV1/FVC) and 
6MWT scores had significant interaction in the exercise 
group. The graph of changes in the research variables 
shows that (Figure 1) the exercise group had a much 
greater slope in improving pulmonary function and 
functional capacity than the control group. This means 

that performing respiratory and core stability tele-exer-
cise significantly affected PFTs (FVC and FEV1) and 
functional capacity (6MWT) of COVID-19 survivors 
discharged from the hospital. These results are simi-
lar to those reported by Sheehy [9] and Puchner [13], 
who reported a significant improvement in pulmonary 
function and functional capacity (6MWD, FEV1, FVC, 
FEV1/FVC) after respiratory exercises at the rehabilita-
tion center. However, in these two studies, they reported 
a significant change in the FEV1/FVC ratio, but in the 
present study, no significant change was observed in 
this variable. 

In a clinical trial, Amaral et al. examined the cardio-
respiratory and functional effects of a remotely super-
vised home-based exercise program in people recover-

Table 2. Repeated measures analysis of variance for study variables

Variables Groups 
Mean±SD

Difference Between Group
df (1,25)

Interaction
df (1,25)

Within Group
df (1,25)

Pre-test Post-test

FVC
Exercise 3.35±1.32 5.50±1.73 2.15

2.143
(0.156)

7.491
(0.011)*

14.323
(0.001)*

Control 3.43±1.68 3.77±1.95 0.34

FVC Pred %
Exercise 90.63±33.83 149.58±38.99 65.04

1.435
(0.242)

6.604
(0.017)*

14.630
(0.001)*

Control 96.58±47.43 108.16±56.35 11.57

FEV1
Exercise 2.23±1.12 3.16±1.13 0.93

0.447
(0.510)

4.888
(0.036)*

6.176
(0.020)*

Control 2.36±1.20 2.42±1.61 0.06

FEV1Pred %
Exercise 67.32±25.13 108.54±33.44 41.22

0.296
(0.591)

9.192
(0.006)*

10.474
(0.003)*

Control 80.37±38.14 81.72±46.90 1.344

FEV1/FVC %
Exercise 63.76±21.48 58.19±13.78 -5.59

2.578
(0.121)

0.038
(0.846)

1.623
(0.214)

Control 73.55±20.54 65.95±21.06 -7.6

6MWT
Exercise 338.00±95.85 433.76±81.81 95.76

0.072
(0.791)

10.66 
(0.003)*

30.48
(0.000)*

Control 366.50±70.44 391.07±40.23 24.57

FVC: forced vital capacity; FEV: forced expiratory volume in 1 s; 6MWT: six-minute walk test.
* Significance at P≤0.05.
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ing from COVID-19 [21]. They reported that after 12 
weeks of follow-up, both exercise and control groups 
similarly increased FVC (absolute and % of predicted), 
FEV1 (absolute and % of predicted), and no significant 
differences were observed in FEV1/FVC ratio and the 
6MWT after the intervention period. 

Contrary to these results, Li et al. did not report significant 
changes in any pulmonary function tests of COVID-19 
survivors but they reported a significant difference in the 
6MWD test in the exercise group. Their intervention was 
a 6-week unsupervised home-based exercise program de-
livered via smartphone [33]. A possible explanation is that, 
in contrast to physical function, lung function was not suf-
ficiently targeted by the exercises included in the unsuper-
vised home-based exercise program. While all sessions of 
our tele rehabilitation program were supervised by a trainer. 
Our intervention included breathing control, with diaphragm 
recruitment and chest-abdomen coordination as well as core 
stability training. Diaphragm atrophy that occurs during me-
chanical ventilation affects clinical conditions. Targeting an 
inspiratory effort level similar to healthy subjects at rest may 

accelerate liberation from ventilation [34]. Dysfunctional 
breathing patterns can result in muscular imbalance, motor 
control alterations, and physiological adaptations that can 
alter movement [35]. Respiratory symptoms lead to seden-
tary or physical inactivity, and both respiratory symptoms 
and sedentary also increase several impairments, including 
muscle weakness, poor coordination, poor balance, loss of 
activity confidence, and risk of falls [36].

A weak diaphragm can lead to respiratory failure be-
cause it is the main muscle of respiration. The diaphragm 
has both postural and respiratory functions, and impair-
ment in one function can adversely affect another [37]. 
Diaphragm contraction increases the vertical and trans-
verse diameter of the chest cavity. This is done by pull-
ing the central tendon down and raising the lower ribs, 
which leads to inspiratory airflow. In addition, the dia-
phragm helps stabilize the spine mechanically because it 
increases intra-abdominal pressure by cooperating with 
the abdominal muscles and the pelvic floor. Synergistic 
activation of the diaphragm and abdominal muscles in-

  

 

 

Figure 1. Distribution of Changes in Study Variables 

 

 

 

4. Discussion  

This study aimed to evaluate the effect of selected respiratory and core stability tele-exercises on 

pulmonary function and functional capacity in COVID-19 survivors. Most studies on the effect 

of exercise on functional capacity and pulmonary function after discharge from COVID-19 

Figure 1. Distribution of changes in study variables
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creases intra-abdominal pressure constantly, while inspi-
ration and expiration are controlled by the opposite ac-
tion of the diaphragm and abdominal muscles [38]. 

Future research on the effectiveness of exercise pro-
grams on symptoms persisting in COVID-19 survivors 
after recovery from the acute phase is still required. It is 
suggested that respiratory and core stability tele-exercise 
be used to evaluate the effect of exercise rehabilitation 
on other long-lasting and persistent symptoms of CO-
VID-19 survivors discharged from the hospital. This 
study is one of the few RCT studies in the physical reha-
bilitation of COVID-19 survivors. The main limitation 
of the present study was the separate training instructor 
for men and women due to cultural limitations. Anoth-
er limitation of the present study was the lack of more 
groups to compare the effects of the two types of respira-
tory exercises and core stability training. Future research 
can focus on comparing the effectiveness of respiratory 
exercises and core stability training on pulmonary func-
tion and functional capacity of COVID-19 survivors.

5. Conclusion

The present study showed that selected respiratory and 
core stability exercises by the tele-exercise method can 
be helpful in the rehabilitation of pulmonary function 
and functional capacity of COVID-19 survivors. 
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