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Objective: To determine whether the addition of 
manual diaphragm release to an inspiratory muscle 
training programme is more effective than inspira-
tory muscle training alone in reducing blood pres-
sure, dyspnoea, fatigue, and aerobic performance 
capacity in men with post-COVID-19 syndrome.
Design: A prospective, randomized-controlled trial.
Setting: Chest Disease Department, Outpatient 
Clinic, Cairo University, Egypt.
Participants: Fifty-two men with post-COVID-19 
syndrome were allocated randomly to the study and 
control groups.
Intervention: The study group underwent diaphragm 
release plus inspiratory muscle training, whereas 
the control group received inspiratory muscle train-
ing only.
Outcome measures: All patients were assessed with 
the following measures at baseline and 6 weeks post-
intervention: maximum static inspiratory pressure for 
inspiratory muscle strength, peripheral arterial blood 
pressure, Modified Medical Research Council scale for 
dyspnoea, Fatigue Severity Scale, serum lactate level, 
and 6-min walk test distance for aerobic performance.
Results: All outcome measures showed a signi-
ficant improvement in favour of the study group 
(p < 0.001) over the control group. However, maxi-
mum static inspiratory pressure increased signifi-
cantly, by 48.17% (p < 0.001) in the study group 
with no significant change in the control group.
Conclusion: Addition of manual diaphragm relea-
se to an inspiratory muscle training programme  
potentiates the role of inspiratory muscle train-
ing in the management of men with symptomatic  
post-COVID-19 syndrome.

*Correspondence address: Doaa A. Elimy, Physical Therapy for  
Basic Science Department, Faculty of Physical Therapy, Cairo  
University, 7 Ahmed El-zyat Street, Dokki, Giza, PO 12613, Egypt. 
E-mail: D.Ayoub@cu.edu.eg

Coronavirus disease 2019 (COVID-19), or se-
vere acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) (1), is a worldwide pandemic affec-
ting primarily the lungs, with rapid dissemination (2). 
The clinical symptoms range from asymptomatic to 
severe respiratory involvement, which can lead to re-
spiratory failure (2) and potentially fatal pulmonary or 
extrapulmonary complications, particularly in patients 
with comorbidities such as hypertension, obesity, and 
diabetes (3).

LAY ABSTRACT
Patients with post-COVID-19 syndrome may experience 
a variety of symptoms that limit their ability to perform 
daily activities, such as breathing difficulties, diaphrag-
matic weakness, cardio-vascular  abnormalities,  fatigue,  
and intolerance to physical exercise. These problems 
may be resolved by physical therapy interventions, 
which may also prevent further decline. The aim of 
this study was to investigate the impact of adding a 
specific physiotherapy technique (manual diaphragm 
release) to inspiratory muscle training, delivered via 
a POWERbreath (PowerBreathe, IMT International 
Ltd. Southam, Warwickshire; England UK) on inspi-
ratory muscle strength, blood pressure, dyspnoea, 
fatigue, lactate level, and aerobic performance capa-
bility in men with post-COVID-19 syndrome. A total 
of 52 men with post-COVID-19 syndrome were enrol-
led, and all completed the study. Twenty-six patients 
underwent diaphragm release plus inspiratory muscle 
training, whereas the other 26 received inspiratory 
muscle training only. The prescribed training lasted 
for 6 weeks. The results showed positive effects on 
the investigated parameters of adding the diaphragm 
release technique to inspiratory muscle training among 
these patients.

Key words: aerobic performance; COVID-19; diaphragm; 
dyspnoea; fatigue; maximum static inspiratory pressure.
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Furthermore, surviving patients may experience 
long-term symptoms (post-acute sequelae of 
COVID-19) that last for days to months after the 
acute symptoms have subsided, such as cough, 
shortness of breath (4), hypoxia, depression, sleeping 
disorders (5), cognitive disturbance, and cardiovas-
cular insults (6), which interfere with their functional 
activities.

The SARS-CoV-2 virus uses the angiotensin-
converting enzyme 2 (ACE2) as an entrance receptor 
into pulmonary alveolar cells as well as skeletal muscles 
(7). The major muscle of respiration, the diaphragm, is 
one of the most important skeletal muscles influencing 
lung capacity and respiratory efficiency (8).

The majority of COVID-19 post-acute sequelae are 
related to diaphragm and lung dysfunction caused by a 
variety of factors, such as post-mechanical ventilation 
acquired respiratory muscle weakness (9), underlying 
neuromuscular effects (10), cellular damage, and a 
strong immune system response, which, in turn, results 
in elevated lactate levels due to poor oxygen diffusion 
in not fully recovered lungs, leading to limitations in 
physical functioning (11).

A comprehensive physical therapy rehabilitation 
approach is necessary to counter post-acute sequelae, 
by improving respiratory muscle function and quality 
of life as well as preventing further deterioration in gas 
exchange and other associated symptoms (12).

The International European Respiratory Society 
(ERS) favoured inspiratory muscle training (IMT) as 
an additional safe modality to the traditional pulmonary 
rehabilitation programme, especially for management 
of inspiratory muscle weakness (13). A recent study 
evaluated the impact of IMT on improving respiratory 
muscle strength and reducing dyspnoea in patients 
with COVID-19 (14) as well as reducing blood lactate 
concentration in healthy untrained individuals (15).

Direct stretching of the diaphragm using a manual 
diaphragm release (DR) technique promotes impro-
vement in diaphragmatic contraction (16), pulmonary 
function, dyspnoea, and exercise capacity (17).

Despite the significant effect of COVID-19 on the 
diaphragm muscle and the benefits of the manual DR 
technique, the implications of using this technique in 
rehabilitation programs for post-COVID-19 patients 
have not been evaluated. 

There is a lack of data regarding the combined 
effect of DR and IMT on post-COVID-19 syndrome 
persistent symptoms. We hypothesized that combining 
manual DR and IMT would provide a safe and effective 
strategy for managing dyspnoea and fatigue, which 
are common persistent symptoms in patients with 
post-COVID-19 syndrome. The aim of this study was 
therefore to evaluate the combined effect of manual 
DR and IMT compared with IMT alone on selected 

parameters (blood pressure, dyspnoea, high serum 
lactate, and fatigue levels) in men with post-acute 
sequelae of COVID-19 syndrome.

METHODS

Study design and setting
This 6-week, single-blinded randomized controlled 
trial (RCT) evaluated the combined effect of manual 
DR and IMT (PowerBreathe, IMT International Ltd. 
Southam, Warwickshire; England UK) in men with 
post-COVID-19 syndrome. The study commenced 
in August 2021 and ended in April 2022. Subjects 
were recruited from El Kasr-El Ainy, Chest Disease 
Department outpatient clinic, Cairo University, Egypt. 
Written informed consent was obtained from each 
patient. Subjects were randomized 1:1 by an inde-
pendent statistician into a study group (n = 30) or a 
control group (n = 30) after explanation of the study 
details. For randomization, each patient picked an 
opaque sealed envelope, numbered sequentially by 
a researcher who was not involved in the study. The 
research team was aware of the allocation, while the 
participants and outcome analyser were blinded to the 
group assignment.

The study group received manual DR and IMT 
(POWERbreath) in addition to their prescribed medi-
cations, while the control group received IMT only, 
using the POWERbreath device, in addition to their 
prescribed medications (Fig. 1). After approval by 
the Faculty of Physical Therapy’s ethics committee 
board (number P.T.REC/012/003228) and regist-
ration with ClinicalTrials.gov (NCT04919031), 
all procedures were carried out in accordance 
with the principles of the Declaration of Helsinki 
and Consolidated Standards of Reporting Trials 
(CONSORT).

Sample size
G*Power version 3.1.9.2, Franz Faul, Uni Kiel soft-
ware (http://www.gpower.hhu.de/) was used for sam-
ple size estimation of the main outcome, Maximum 
static inspiratory pressure (PImax), based on a pilot 
study of 20 men with post-COVID-19 syndrome with 
an effect size (d) = 0.80 at a 5% level of significance 
and a power of 80% (partial eta-squared (2P), within-
between interaction) that determined a final sample 
size of 30 individuals per group with an anticipated 
12% dropout rate.

Eligibility criteria
Patients with the following eligibility criteria were 
included in the study:

J Rehabil Med 54, 2022
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 • low to moderate physical activity, according to the 
International Physical Activity Questionnaire (IPAQ) 
(18);

 • mild to moderate lung fibrosis diagnosed by a 
physician and confirmed by high-resolution chest 
computed tomography (CT) (19);

 • hypertension at stage II (160–179/100–109 mmHg);
 • stable and non-hospitalized after COVID-19;
 • men aged 30–45 years;
 • body mass index (BMI) in the range 25–29.9 kg/m2;
 • at least 4 weeks since the first positive COVID-19 

swab at the time of screening (20).
Patients were excluded if they had: cardiac disease, 
chronic respiratory disease, active infection, severe 
endocrine or metabolic diseases, cognitive impairment, 
other disabilities that interfered with the intervention, 
or other reasons determined by the physician that made 
the participants ineligible for participation. Further 
exclusion criteria were: red flag indicators, such as chest 
pain, critical drop in oxygen saturation, musculoske-
letal or neurological limitations; unconscious patients; 
other previous comorbidities, besides hypertension or 
positive COVID-19 test; and participation in a clinical 
study or other research in the previous 30 days.

A total of 80 non-hospitalized men with post-
COVID-19 syndrome were recruited, immediately 
after hospital discharge (their length of hospital stay 
was (interquartile range (IQR) 7–10) days), with 20 
patients excluded (12 did not meet the inclusion cri-
teria, 8 declined to participate). Sixty patients were 
randomly assigned to the study (n = 30) and control 
groups (n = 30), but only 52 (26 patients in each 
group) completed the study and were included in the 
data analysis (8 patients dropped out; 6 did not attend 
follow up and 2 discontinued for unrelated reasons) 
(Fig. 1). Dropout reasons were reported, and data was 
analysed using the intention-to-treat (ITT) principle 
(21). During their involvement in the study all subjects 
were instructed not to change their pharmaceutical 
therapy (unless it was considered by the researcher 
that it would not affect the results).

The length of the patients’ hospital stays for acute 
COVID infection was 7–10 days (IQR). All patients 
were treated for 1–3 weeks (IQR 7–27 days) according to 
the certified post-discharge medication protocol recom-
mended by El Kasr-El Ainy, Chest Disease Department 
outpatient clinic, Cairo University, Egypt, as following: 
corticosteroid (prednisolone 20 mg for 1 week, then 

Study group (n = 30)
Received manual DR + IMT using 

POWERbreath device + Their 
prescribed medications

Control group (n = 30)
IMT using POWERbreath

+
Their prescribed medications

Assessed for eligibility
(n = 80)

 Lost to follow up (n = 4)
- Problems with compliance (n = 2) 
- Discontinued intervention for 
  unrelated reasons (n = 2)

 Lost to follow up (n = 4)
- Discontinued intervention for 
  unrelated reasons (n = 3)
- failed to tolerate the sessions (n = 1)

A
llo

ca
tio

n

Excluded (n = 20)
Not meeting inclusion

 criteria (n = 12)
Declineto participate (n = 8)Randomized

(n = 60)

Analyzed (n = 26)
Excluded from analysis (n = 0)

Analyzed (n = 26)
Excluded from analysis (n = 0)

Fo
llo

w
 u

p
A

na
ly

si
s

En
ro

llm
en

t

Fig. 1. Flow chart of the participants 
(allocation, intervention, and follow-
up) according to Consolidated 
Standards of Reporting Trials 
(CONSORT) principles, with only 
52 participants completing the 
study. DR: diaphragm release; IMT: 
inspiratory muscle training.
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reduced to 5 mg for an additional 5 days), apixaban 2.5 
mg for six weeks, pantoprazole 40 mg for nine days, 
colchicine 0.5 mg twice daily for 3 days, then once 
daily for 27 days, zinc (1 capsule daily for 21 days), and 
vitamin C (75–90 mg daily for 21 days).

Measurements
The following parameters were assessed at baseline 
and at the end of the intervention, after gathering 
basic information (sex, age, marital status, family his-
tory, co-morbidities, physical anthropometry indexes 
(BMI, heart rate (HR), blood pressure, etc.) and all 
participants were screened to ensure that they met the 
inclusion criteria.

Primary outcome
Maximum static inspiratory pressure. The inspiratory 
muscle strength was assessed by measuring the PImax 
via a valid hand-held mouth pressure meter (Power-
Breathe, IMT International Ltd. Southam, Warwick-
shire; England UK) in which the participant stood in an 
upright position, took a deep inspiration starting from 
the residual volume through the mouthpiece, and held 
the inspiration for 20–30 s for 5 trials, and the highest 
PImax (cmH2O) was recorded (22). At baseline and at 
the final training session, the same research member 
took measurements for both groups.

Secondary outcomes
Modified Medical Research Council scale. The self-
rating Modified Medical Research Council (MMRC) 
scale measured the degree of breathlessness that poses 
a challenge during activities of daily living, scoring 
from 0 (no breathlessness except during strenuous 
exercise) to 4 (too breathless when dressing or 
moving) (23).

Six-minute walk test distance. The participants’ aero-
bic performance capacity was assessed by submaximal 
exercise testing (6-min walk test distance; 6-MWTD) 
in which the walked distance in 6 min along an indoor 
flat 35-m corridor was calculated and interpreted (poor 
prognosis if the walked distance is 300 m or less) (24).

Arterial blood pressure. Resting systolic and dias-
tolic blood pressures (mmHg) were measured (at 
08.00–09.00 AM) with a mercury sphygmomano-
meter (Yuwell, Yunyang Industrial Park, Danyang 
city, Jiangsu, P.R. China, 212300) in which the cuff 
was wrapped around the participant’s left arm. The 
participant was recommended not to smoke, eat, or 
to drink caffeine, and to avoid stress, for at least 2 h 
before measuring blood pressure.

Fatigue Severity Scale. The impact of fatigue was 
evaluated with the Fatigue Severity Scale (FSS), which 
comprises 9 statements rated on a scale of 1 to 7, with 

the patient either agreeing or disagreeing. Low values 
indicated strong disagreement, while the highest values 
indicated strong agreement. The overall score of less 
than 36 represented the best possible score, while 36 
or more was the worst (25).

Serum lactate level. A blood sample (5 ml) was 
drawn from the right antecubital vein, collected 
in a vial at 09.00–11.00 h and stored on ice to be 
analysed in a central laboratory using a lactate oxi-
dase catalysed reaction (Cobas Integra 800, Roche 
Diagnostics Mannheim city, Baden-Württemberg 
state, Germany). A normal blood lactate level is 0.5–1 
mmol/L, and hyperlactataemia without metabolic 
acidosis occurs when the lactate level remains mildly 
to moderately elevated and gradually increases to 
2–4 mmol/L (26).

Intervention
Manual DR method. Only 1 researcher (a physiothera-
pist) who had 12 years of experience treating respira-
tory patients applied this technique. The participants 
in the study group received only 18 sessions of manual 
DR, (3 sessions/week) for 6 weeks, in which the app-
lication was performed in 2 sets of 10 deep breaths, 
with a 1-min interval between them and the DR session 
was over 3 min long.

The participant was instructed to relax in a supine 
position (on the treatment bed) while the researcher 
stood beyond the subject’s head, applying gentle bila-
teral upward and lateral pulling up of the participant’s 
underside seventh to tenth rib costal cartilages (the 
contact points of the researcher’s hand during the 
technique were the pisiform, hypothenar region, and 
the last three fingers). The ribs elevation was applied 
throughout the participant’s breathing in. As the partici-
pant breathed out, the rib out pulling by the researcher 
went deeper toward the seventh to tenth rib inner costal 
margin (Fig. 2), which progressively increased over 
the subsequent sessions (17). 

Inspiratory muscle training via POWERbreath. After 
determination of the PImax for each participant, as 
described above, each participant was instructed to 
perform 2 sets of 30 dynamic inspiratory efforts (with 
a 2-min interval between sets) from an upright sitting 
position with a 4-min session length overall maximally, 
twice daily with a PImax workload of 60%, (3 sessions/
week) for 6 weeks (27).

Since the device provides the ability to modify the 
applied resistance and repetitions, the training para-
meters were reassessed and adjusted often to ensure 
that the PImax workload remained at 60% throughout 
the trial.

Both groups continued their sessions under super-
vision at the outpatient clinic, Faculty of Physical 
Therapy, Cairo University. For the study group 

J Rehabil Med 54, 2022
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participants, the IMT sessions were applied immedia-
tely after application of the manual DR session.

Data analysis
All statistical analysis was performed using Statisti-
cal Package for Social Sciences (SPSS) Version 25 
(IBM Corp., Armonk, NY, USA). The Shapiro–Wilk 
test was used to analyse the normality of data. For 
normally distributed data with no significant out-
liers or median, continuous data was presented as 
mean±standard deviation (SD), while categorical 
data was presented as absolute frequencies (N) 
and percentages (%). Patients, baseline characteris-
tics were analysed by the independent samples t-test 
(for continuous data) and χ2 tests (for categorical 
data).

Mixed repeated-measures analysis of variance 
(ANOVA) with Bonferroni corrections was used to 
examine the intervention differences between the out-
comes (at baseline and after 6 weeks). To analyse the 
differences between and within the study and control 
groups, the partial eta-squared (ƞ2p2) effect size was 
calculated. A paired t-test (pre-and post-intervention 
changes when ANOVA was significant) was used to 
investigate within-group effects, while an independent 
sample t-test was used to determine mean difference 
(MD) changes between the study and control groups 
(p-values less than 0.05 were considered statistically 
significant).

RESULTS

There were no statistically significant differences bet-
ween groups in participants’ baseline characteristics 
(p > 0.05) (Table I). There was a 48.17% increase in 
the study group PImax (from 82.00 (16.86) cmH2o 
to 121.50 (13.52) cmH2o, p < 0.001), but no signi-
ficant change in the control group (p = 0.567), with 
a statistically significant difference between the 2 
groups (p < 0.001) (Table II). The interaction between 
intervention type and time was statistically significant 
(F (1, 58) = 28.54, p < 0.001, ƞ2 p = 0.330), while the 
main effect for group was also statistically significant  
(F (1, 58) = 66.27, p<0.001, ƞ2 p = 0.533).

In terms of SBP and DBP, Table II shows a sig-
nificant interaction between intervention type and 
time in favour of the study group (F (1, 58) = 110.04, 
p < 0.001, ƞ2 p = 0.655, and F (1, 58) = 847.52, 
p < 0.001, ƞ2 p = 0.936, respectively). There was a 
significant main effect for time (F (1, 58) = 200.87, 
p < 0.001, ƞ2 p = 0.776, F (1, 58) = 1046.33, p < 0.001, 
ƞ2 p = 0.947, respectively), and a significant main 
effect for group (F (1, 58) = 75.35, p < 0.001, ƞ2 
p = 0.792, respectively).

The mean between-group differences changes in 
MMRC scale and FSS scores show a reduction in 
both variables in both the study and control group over 
time. Concerning MMRC scale, the mean between-
group differences decreased by 48.89%, from score 
2.63 (0.60) to score 1.38 (0.49), p < 0.001 in the study 

Fig. 2. Schematic diagram summarizing manual diaphragm release (DR) technique sequences and benefits. 
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group and decreased by 12.81%, from score 2.42 (0.49) 
to score 2.11 (0.33), p < 0.01 in the control group. 
While FFS reduced from score 43.36 ± 5.25 to score 
28.68 ± 6.01 in the study group (p < 0.001) and from 

score 42.47 ± 5.18 to score 39.77 ± 5.89 in the control 
group (p = 0.001), with a statistically significant dif-
ference in favour of the study group also observed 
(p < 0.001) (see Figs 3A, B).

Table I. Baseline characteristics of study participants in both groups mean (standard deviation; SD)

Characteristics
Study group
(n=26)

Control group
(n=26) X2/t p-value

Agea (years) Mean (SD) 40.00 (3.36) 39.70 (3.55) 0.336 0.738
Range 30.00–45.00 30.00–45.00

BMIa (kg/m²) Mean (SD) 27.45 (1.5) 27.59 (1.22) –0.407 0.686
Range 25.00–29.90 25.40–29.50

SBPa (mmHg) Mean (SD) 150.00 (5.39) 150.23 (5.53) –0.165 0.869
Range 141.00–159.00 140.00–158.00

DBPa (mmHg) Mean (SD) 94.60 (2.31) 94.80 (2.25) –0.339 0.735
Range 91.00–98.00 91.00–98.00

PImaxa (cmH2O) Mean (SD) 82.00 (16.86) 80.50 (17.52) 0.338 0.737
Range 54.00–110.00 53.00–108.00

FSSa (score) Mean (SD) 43.36 (5.25) 42.47 (5.18) 0.661 0.511
Range 34.90–51.82 33.94–51.00

MMRC scalea (score) Mean (SD) 2.63 (0.60) 2.42 (0.49) 1.520 0.134
Range 1.84–3.42 1.63–3.20

Serum lactate levela (mmol/L) Mean (SD) 1.59 (0.16) 1.53 (0.18) 1.335 0.187
Range 1.35–1.86 1.30–1.80

6-MWTDa (m) Mean (SD) 417.50 (19.29) 418.50 (18.63) –0.204 0.839
Range 387.00–448.00 385.00–452.00

Smoking behaviourb n (%)
Current 11 (36.7) 10 (33.3) 0.693 0.707
Previous 8 (26.7) 6 (20.0)
Never 11(36.7) 14 (46.7)
IPAQ scoreb n (%)
Low 11 (36.7) 13 (43.3) 0.278 0.598
Moderate 19 (63.3) 17 (56.7)
Lung affected (fibrosis) n (%)
Mild 8 (33.3) 10 (40) 0.287 0.592
Moderate 18 (66.7) 16 (60)
Data represented as mean (standard deviation; SD) and range (min–max) for continuous data and N (%) for categorical data.
aIndependent sample t-test.
bχ2 test.
*Statistically significant at p<0.05 according to χ2 and independent sample t-tests
BMI: body mass index; DBP: diastolic blood pressure; FSS: Fatigue Severity Scale; IPAQ: International Physical Activity Questionnaire; PImax: maximum static 
inspiratory pressure; MMRC scale: Modified Medical Research Council scale; SBP: systolic blood pressure; 6-MWTD: 6-min walk test distance.

Table II. Comparison of blood pressure and maximum static inspiratory pressure between both groups and within groups and time 
interaction (pre- and post-intervention)

Variables Group
Pre-
intervention

Post-
intervention Δ

% 
improvement

p-valuea

(group × 
time)

p-valuea 

groups
p-valuea 

(time) p-valueb p-valuec

PImax (cmH2O) Study group 82.00 
(16.86)

121.50 
(13.52)

39.501
(6.29)

48.17% ↑ <0.001* <0.001* <0.001* <0.001** <0.001***

Control group 80.501
(7.52)

84.001
(5.86)

3.50
(33.12)

4.35% ↑ 0.567

SBP (mmHg) Study group 150.00
(5.39)

125.00
(7.81)

–25.00
(6.36)

16.67% ↓ <0.001* <0.001* <0.001* <0.001** <0.001***

Control group 150.23
(5.53)

146.50
(5.92)

–3.73
(9.10)

2.48% ↓ 0.032**

DBP (mmHg) Study group 94.60
(2.31)

77.50
(2.65)

–17.10
(2.81)

18.08% ↑ <0.001* <0.001* <0.001* <0.001** <0.001***

Control group 94.80
(2.25)

93.90
(2.43)

–0.90
(1.18)

0.95% ↓ <0.01**

Data represented as mean (standard deviation; SD). Δ: mean difference of post–pre-value (MD). ƞ2 P: partial eta squared ranges from 0 to 1 (0.01 = small, 
0.06 = medium, and 0.14 = large effect-size).
aMixed repeated analysis of variance (ANOVA).
bPaired sample t-test.
cIndependent sample t-test.
*Statistically significant at p < 0.05 according to mixed repeated ANOVA.
**Statistically significant at p < 0.05 according to paired sample t-test.
***Statistically significant at p < 0.05 according to independent sample t-test.
DBP: diastolic blood pressure; PImax: maximum static inspiratory pressure; SBP: systolic blood pressure.
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The serum lactate level decreased significantly, 
from 1.59 (0.16) to 0.77 (0.16) mmol/L in the study 
group, and from 1.53 (0.18) to 1.26 (0.30) mmol/L in 
the control group (see Fig. 4B). However, the study 
group had a significantly lower mean difference in the 
serum lactate level (–0.82 (0.22) mmol/L, 51.57%) 
than the control group (–0.27 (0.20) mmol/L, 17.65%) 
(p < 0.001) (Fig. 4A).

The 6-MWTD estimates the functional capacity of 
the participants, which increased significantly in both 
study and control groups (from 417.50 (19.29) to 
474.00 (48.69) m and from 418.50 (18.63) to 435.00 
(18.17) m, respectively). Despite this, the study group 
showed a significantly higher improvement regarding 
the 6-MWTD (MD = 56.50 (48.05) m, an increase of 

13.53%) than the control group (MD = 16.50 (9.52) m, 
an increase of 3.92%) (p < 0.001) (Fig. 4B).

DISCUSSION

The aim of this study was to investigate the effect of 
adding manual DR technique to an IMT programme on 
inspiratory muscle strength, blood pressure, dyspnoea, 
fatigue, serum lactate level, and aerobic performance 
capacity in patients with post-COVID-19 syndrome.

Patients with post-COVID-19 syndrome commonly 
develop long-term symptoms, as reported in a recent 
study, including fatigue, muscle weakness, depression, 
insomnia, and dyspnoea (28). However, we granted the 
prominence effect of IMT in COVID- 19 syndrome 

Fig. 3. Error bar charts. (A) Mean change in Modified Medical Research Council scale (MMRC) between pre- and post-intervention in both the study 
and control groups. (B) Mean change in Fatigue Severity Scale (FSS) between pre- and post-intervention in both the study and control groups. 
#Significant interaction between “intervention (group) and time” at p < 0.05. *Post-hoc Bonferroni test revealed a significant difference between 
pre- and post-intervention at p < 0.05. **Significant differences between post-intervention in the study group and the control group at p < 0.05. 
***Significant improvement in study group compared with control group (p < 0.001).

Fig. 4. Error bar charts. (A) Mean change in lactate level between pre- and post-intervention in study and control groups. (B) Mean change in 6-min 
walk test distance (6-MWTD) between pre- and post-intervention in study and control groups. #Significant interaction between “intervention (group) 
and time” at p < 0.05. *Post-hoc Bonferroni test revealed a significant difference between pre- and post-intervention at p < 0.05. **Significant 
differences between post-intervention in study group and control group at p < 0.05. ***Significant improvement in the study group compared 
with control group (p < 0.001).
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based on many studies, we note that manual DR added 
to POWERbreath provided additional clinical benefits 
by producing a statistically significant improvement in 
post-acute sequelae of COVID-19 syndrome, such as 
PImax, serum lactate level, dyspnoea, and 6MWTD, 
compared with IMT alone.

The PImax values are also considered as an indica-
tion of respiratory muscle strength. The DR technique 
is effective in improving the respiratory mechanics 
and other respiratory variables, such as PImax (29), 
as demonstrated in the current study.

According to Cunha et al. (30), application of IMT 
alone provided a non-significant change in PImax in 
elite swimmers, in contrast to a study by Rocha et al. 
(17) which found that manual DR had a significant 
immediate increase in PImax among patients with 
chronic obstructive pulmonary disease. In the current 
study manual DR and IMT resulted in significantly 
increased PImax in the study group (by 48.17%, 
p < 0.001) compared with the control group (p < 0.01).

A significant reduction in both systolic and diastolic 
blood pressure (by 0.95%, p < 0.001) was observed in 
the study group compared with the control group. This 
is consistent with Ferreira et al. (31), who demonstrated 
that an 8-week IMT programme with a 30% PImax 
load reduced daytime arterial blood pressure. Also, 
Farinatti et al. (32) inferred the effect of diaphragmatic 
stretching in people with low flexibility, which exhi-
bited a significant impact on the sympathetic-vagal 
balance through boosting post-exercise vagal modu-
lation, and consequently may reduce blood pressure 
and pulse rate.

We consider that the combined effect of manual 
DR and POWERbreath contributed to lowering the 
arterial blood pressure through improving respiratory 
muscle performance, increasing fatigue resistance (33), 
reducing the sympathetic outflow, and lowering the 
metaboreflex. Furthermore, changes in the diaphragm 
length-tension curve can also affect vagal and sympat-
hetic inputs to the sinus node through cardiovascular 
adjustments (34).

Moreover, the findings of the current study showed 
a statistically significant decrease in dyspnoea in 
favour of the study group, in which the MMRC scale 
decreased by 48.9% (p < 0.001), whereas in the control 
group, it decreased by 12.8% (p < 0.01). This is com-
patible with McNarry et al. (35), who demonstrated 
that IMT can dramatically enhance long-term COVID 
patients’ dyspnoea, respiratory muscle function, 
and functional capacity. Furthermore, in recovered 
COVID-19 patients, Abodonya et al. (14) found that 
IMT improved pulmonary functioning, dyspnoea, and 
fatigue, which is also supported by Nopp et al. (36).

This improvement may be attributed to DR-induced 
parasympathetic system activation, which improved 

oxygen saturation and decreased bronchospasm, respi-
ratory rate, and work of breathing or dyspnoea (37).

Concerning fatigue level, the current findings showed 
a reduction in FSS mean score by 51.57%, p < 0.001 in 
the study group and in the control group by 17.65%, 
p = 0.001, with a statistically significant difference in 
favour of the study group also observed (p < 0.001) 
which is convenient to Bosnak-Guclu et al. (38) 
who postulated that IMT reduced FSS scores from 
42.73 ± 11.75 to 29.07 ± 13.96 in heart failure patients, 
p < 0.001. Feriani et al. (33) also proposed that IMT 
reduces respiratory muscle fatigue in patients with 
heart failure, by reducing respiratory muscle oxygen 
demand/delivery mismatch.

There was also a significant reduction in the serum 
lactate level in the study group (by 51.57%) and in the 
control group (by 17.65%); likewise, McConnell et al. 
(15) demonstrated a significant reduction in lactate 
level after the IMT program, which was associated 
with improvement in the endurance level (p < 0.01).

Training the respiratory muscles increases their 
lactic acid metabolization ability, enhancing aerobic 
metabolism and fatigue tolerance (39). Despite these 
valuable outcomes, no previous studies have evaluated 
the effects on fatigue or serum lactate levels of DR 
alone or in combination with the IMT programme.

In addition to enhancing respiratory function, 
diaphragmatic stretching also promotes postural fun-
ction by having a biomechanical impact on distant 
structures, such as the cervical and lumbar spine (37). 
Consequently, the current results revealed a significant 
increase in 6-MWTD in the study group with respect to 
aerobic performance capability (by 13.53%, p < 0.001) 
and in the control group (by 3.92%, p < 0.01), which is 
consistent with Bosnak-Guclu et al. (38) and Rocha et 
al. (17) findings that the 6-MWTD increased signifi-
cantly after the application of IMT or DR, respectively 
(p < 0.001).

The lack of studies on DR in patients with post-
COVID-19 long-term symptoms encouraged us to 
highlight its superior effect when added to the IMT 
programme in overcoming these symptoms and impro-
ving the quality of life of these patients.

Furthermore, because it increases diaphragm excur-
sion, which improves respiratory function, lowers 
sympathetic excitability (40), and thus reduces dysp-
noea (16), DR is thought to be an indirect method of 
increasing muscular contraction effectiveness.

Study limitations
This has some limitations; participant selection was 
limited to men with moderate COVID-19 syndrome 
only, which may have reduced the scope of the 
results. Secondly, concomitant ultrasonography or 
electromyography measurements to assess diaphragm 
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weakness were not available. It was also not possible 
to quantify the degree of peripheral muscle function 
improvement after intervention. The study was not 
sufficient to analyse different subgroups (such as age 
or disease severity).

CONCLUSION

This study provides evidence on the effect of DR 
implementation in rehabilitation programmes for post-
acute sequelae of COVID-19. The results demonstrate 
that adding DR to the IMT programme improves 
long-term symptoms in hypertensive patients with 
post-COVID-19 syndrome, suggesting that DR should 
be considered for use with these patients.
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