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ABSTRACT

Purpose: Knowledge gaps exist regarding the effects of interventions due to continuing respiratory
symptoms in patients with post-COVID condition. The aim of the present study was to present the
clinical outcomes of individualised treatments for patients with remaining respiratory symptoms due to
post-COVID condition.

Methods: This prospective longitudinal study included a consecutive series of 57 patients with remaining
respiratory post-COVID symptoms. Breathing pattern, thoracic pain/mobility, occurrence of cough, and
respiratory muscle strength were assessed before and after the administration of individually tailored
physiotherapy interventions.

Results: The median treatment duration was 3months (range 1-36months). Dysfunctional breathing
pattern was the most common symptom (n=>55/57) at inclusion. After treatment, 95% of patients had
a normalised or improved breathing pattern (p<0.001). The treatments for pain, productive and
unproductive cough, and respiratory muscle strength resulted in significantly improved symptoms
(p<0.01). With other targeted treatments, inspiratory muscle strength improved by 20 cmH20 and
expiratory muscle strength by 11 cmH,O (both p<0.001).

Conclusions: This study indicates positive outcomes of physiotherapy treatment based on the patient’s
symptomatology and test results. Therefore, individualised physiotherapy treatment of post-COVID
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conditions may have an impact on recovery.

Introduction

The number of patients with prolonged symptoms after
SARS-CoV-2 infection continues to increase [1-3]. Patients
with a post-COVID condition, which is defined as the contin-
uation or development of new symptoms 3 months after the
initial SARS-CoV-2 infection and lasting at least 2months with
no other explanation, have reported a variety of new, recur-
rent, or ongoing symptoms of different degrees [3-9].
Previous studies have demonstrated a broad spectrum of
reported symptoms and dysfunctions, with the most com-
mon including dyspnoea, shortness of breath or difficulty
breathing, fatigue, myalgia, joint pain, reduced exercise toler-
ance, memory loss, persistent cough, chest pain, affected
cognition and/or mental health, depression, anxiety, and con-
centration or sleep problems [4,6,10-13]. The optimal rehabil-
itation needs or outcome measures have not yet been

defined, though the need for long-term rehabilitation, organ-
ised as outpatient care, is extensive [2,7,14,15]

For many patients with post-COVID condition, various tests
have indicated no pathology despite considerable symptom-
atology [16]. In addition, trials evaluating the effects of rehabil-
itation interventions for the diverse symptoms are primarily
based on ordinary test data collected at control visits or by
subjective questionnaires [17,18]. The complexity and variability
of symptoms caused by the disease can make it difficult to cre-
ate and adapt rehabilitation programmes [6,14,15,19,20], and
the importance of identifying safe and effective long-term such
has not been thoroughly discussed. However, some studies
have shown that a holistic assessment based on each patient’s
medical history, focusing on dysfunction, disability, and the
patient’s desire to return to participation in society, can guide
the physiotherapist in finding an individually tailored,
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progressive treatment plan [6,18,20,21]. Considering the disease
from several points of view may maximise the chances for each
patient to improve their physical function and quality of life.

In a previous study, 60 non-hospitalised participants with
remaining respiratory symptoms after COVID-19 were examined
by physiotherapists with respiratory speciality [21]. In addition
to the traditional outcome measures (spirometry, oxygen satu-
ration, and physical capacity), the breathing pattern, chest
mobility and pain, respiratory movement, and respiratory mus-
cle strength were assessed. Only a few patients had decreased
spirometry, but more than 50% had decreased respiratory mus-
cle strength. In addition, 59% had decreased physical capacity,
but only a few desaturated during the test. Unproductive cough
was seen more often than productive cough, a majority of
patients (67%) suffered from pain in the thoracic area, and a
dysfunctional breathing pattern was seen among 95% of the
patients. An individualised treatment plan was tailored from the
results of the increased battery of tests and examinations. The
aim of this study was to present the clinical outcome of this
individualised treatment for patients with remaining respiratory
symptoms due to post-COVID condition.

Methods
Participants

This follow-up was based on a consecutive, unselected series
of 60 patients who participated in a prospective longitudinal
study [21]. They were referred to the physiotherapy outpa-
tient clinic at Sahlgrenska University Hospital because of
remaining symptoms after COVID-19 confirmed by tests and/
or clinical examination. From August 2020 until September
2023, the patients met one of three available physiothera-
pists specialised in respiratory care. During the first appoint-
ment, the patient’s symptoms were assessed by a variety of
tests to capture their symptomatology [21]

Symptom assessment

Breathing pattern was determined by visual clinical ocular
assessment of the upper and lower thorax and abdominal
movements in the supine, sitting, and standing position. A
normal breathing pattern was defined as predominantly
abdominal and lower thoracic movements during tidal vol-
ume breathing while sitting and standing. A dysfunctional
breathing pattern was defined as a breathing pattern not
appropriate for the current situation and in which a high cos-
tal breathing pattern at rest was dominant [22]

Thoracic pain was assessed bilaterally in all sternocostal
joints and anterior intercostal muscles by manual palpation.
Pain was registered as yes/no. Thoracic expansion was
assessed using a measuring tape (marked in mm) around the
circumference at the level of the xiphoid process [23]

Productive and unproductive cough was evaluated by the
COPD Assessment Test (CAT) [24] and standardised ausculta-
tion using a stethoscope. In addition, respiratory muscle
strength was determined by measuring the maximal inspira-
tory pressure (MIP) and maximal expiratory pressure (MEP)
using a micro-RPM (Care Fusion, Yorba Linda, CA, USA) in a
standardised manner (expressed as cmH,0) [25].

Spirometry was performed according to guidelines [26] using
a portable ultrasonic spirometer (Easy One ndd, Medical
Technologies, Switzerland). Forced vital capacity (FVC), forced
expiratory volume in one second (FEV1), and peak expiratory
flow (PEF) were also measured. Breathing movements were eval-
uated with the Respiratory Movement Measurement Instrument
(RMMI; ReMo, Reykjavik, Iceland) [27]. The RMMI measures the
anteroposterior breathing movement by calculating differences
in the body surface level during inhalation and exhalation [27].
The degree of functional limitation was rated by the Swedish
version of the Post-COVID Functional Status (PCFS) [28]

Respiratory symptoms were rated on the CAT scale [24]. To
improve the interpretation, minor additions were made to
three of the eight statements. In question number 2, ‘secre-
tion in the chest, the word ‘lungs’ was added. In statements
number 5 and 8, ‘because of my lung condition’ was added in
accordance with statement number 6 in the original version.

The patient’s physical activity level was rated using Grimby
and Saltin’s Physical Activity Level Scale [29].

Interventions

The individually tailored physiotherapy interventions con-
sisted of breathing retraining, thoracic mobility techniques,
cough education, airway clearance techniques and respira-
tory muscle training. Following interventions were prescribed
when indicated:

Breathing pattern

The intervention for a dysfunctional breathing pattern con-
sisted of instructions to relax and normalise the breathing
pattern in 10 steps (see Appendix 1, supplementary material).
The programme was based on earlier research [30] and cur-
rent treatment instructions to patients with other kinds of
breathing pattern dysfunction. The programme was designed
to increase the demands of the complex function of breathing
from lying supine to standing while doing different activities.

During the first appointment the first four exercises were
performed whilst being instructed. The participants were
taught to continue to the next exercise in the program once
they could perform the ones they were practicing, gradually
gaining more of a normal breathing pattern.

Thoracic pain/mobility

For participants with thoracic pain, stretching techniques to
increase the range of mobility in the ribcage joints and mus-
cles (i.e. lateral flexion, rotation, flexion, and extension of the
thorax) were taught. In addition, chest expansion techniques
were performed by maximal inspirations with a 5-second
post-inspiratory hold in two positions twice a day:

1. Sitting upright with hands positioned at both sides of
the lower part of the thorax;
2. Sitting forward with arms resting on a firm surface.

These exercises aimed to facilitate increased thoracic move-
ment, as well as an awareness of the breathing movements.
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During the instruction phase, the exercises were guided by a
demonstration by the physiotherapist. If these exercises were
not enough to relieve the pain, the participants were referred
to manual therapy including passive joint mobilisation with-
out impulse and soft tissue treatment. Joint mobilisation was
directed mainly to the costovertebral and costosternal joints,
whereas the main aim of the soft tissue treatment was to
reduce muscle pain and reactive tension in accessory respira-
tory areas, such as the cervical and lumbar spine.

Unproductive cough

The aim of the intervention for unproductive cough was to
teach the participants to be conscious regarding their cough-
ing behaviour and to avoid coughing. When they became
more conscious about when and how much they coughed,
the participants were told to deliberately choose not to
cough and to decrease the irritation caused by the cough,
thereby breaking the negative coughing spiral.

Productive cough

The participants with a productive cough were taught huff-
ing techniques, and positive expiratory pressure (PEP) was
prescribed and trained when necessary. PEP was instructed
to be used at least twice daily with 10 breaths in three ses-
sions interspersed with huffing and coughing to remove the
secretions [31]. The huffing techniques aimed for a gentler
way to remove secretions than the coughing alone, decreas-
ing the irritation caused by the extensive coughing.

Respiratory muscle strength

If the patient’s respiratory muscle strength was below the
lower limits of normal and their breathing pattern was nor-
mal, the participants were prescribed inspiratory muscle
training (IMT) and/or expiratory muscle training (EMT). This

1.Threshold IMT™, Philips

3. PEP-ald™, Consalus

Figure 1. The breathing devices used in the study.
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was based on clinical experience that it otherwise may be
counterproductive and create a more predominant abnormal
breathing movement in the upper part of the chest.

The training started with resistance in which a normal
breathing pattern was maintained during the breathing
manoeuvres. To not overload the participants, 10-15 consec-
utive breaths was recommended in three sessions, three
times a week. The first five participants in the cohort received
a pressure-regulated device (Threshold IMT™) but, as a normal
breathing pattern was difficult for the participants to main-
tain during the training, a decision was made to prescribe
flow-regulated devices, such as the PEP/RMT" system,
PEP-aid”, or BA-tube™ (Figure 1). The resistance was increased
according to the achievements in respiratory muscle strength,
but never more than what a normal breathing pattern could
maintain. If the participants had limitations maintaining a
normal breathing pattern while sitting and performing the
respiratory muscle training, they were told to perform the
exercises lying down.

The effects of the interventions were evaluated by the
same outcome measures at discharge from the clinic as at
inclusion. The discharge was determined on clinical grounds
(i.e. when the patients had recovered or could perform the
remaining treatment by themselves). The effects between
these two occasions were defined as ‘normalised’ if the results
were within normal values or pattern and ‘improved’ when
they were better but not within the normal range of values
or pattern.

Statistical analysis

Data were analysed using the Statistical Package for Social
Sciences (IBM, SPSS Statistics 29.0, Armonk, New York, USA).
The results were considered significant if the two-sided
p-value was < 0.05. All continuous variables are presented as
medians with the interquartile range (IQR; 25-75) and mini-
mum - maximum. Categorical variables are presented as the

2. PEP/RMT™, Mediplast

E‘ BA-TUBE

sis BA-TUBE

4. BA-tube™, Swedish Hospital Supplies
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number and/or percentage. Within group comparisons were
made by Wilcoxon’s rank-sum test, between groups compari-
sons by the Mann-Whitney U test, and categorical data were
compared by the sign test.

Results

The patients received tailored interventions based on the
results of their tests. Three patients chose not to continue
after the first visit because they considered the information,
they received during the first visit sufficient. Therefore, the
study continued with 57 participants. Details of demograph-
ics and tests are given in Table 1

Forty-four of the 57 participants experienced fatigue and
36 of the 57 participants experienced a cognitive impact con-
nected to the post-COVID condition as measured by the
PCFS or based on the patient’s medical history.

The length of the treatment period varied, depending on
the patients’ individual needs. The median treatment duration
was 3months (min 1, max 36, IQR 4-10months) with a median
of 3 (1-16) physical appointments (IQR 2-5) and 4 (0-15) tele-
phone appointments (IQR 2-5).

Table 1. Demographics and baseline data.

Dysfunctional breathing pattern

Fifty-five participants had a dysfunctional breathing pattern
at baseline. After the treatment period, the breathing pattern
was assessed as normalised in 60% of the participants and
improved in more than 35% (p<0.001) (Table 2).

Thoracic pain/mobility

Three participants had previous pain from the thoracic region
and were excluded from the analysis. Of the remaining 54
participants, 32 had thoracic pain at baseline. Seven partici-
pants with did not receive any treatment due to a heavy dis-
ease burden that affected them severely (e.g. extensive
fatigue, cognitive impairment, gastrointestinal symptoms, and
sleep deprivation). Four of the participants who improved also
had complementary treatment from a physiotherapist in the
form of orthopaedic manual therapy orientation or from an
osteopathic practitioner. After following the treatment advice
given by the physiotherapist, the patients had significantly
fewer symptoms: 32% reported no pain, 64% a decrease in
pain, and 4% had unchanged thoracic pain (p<0.001, Table 2).

All, n=57 Men, n=9 Women, n=48
Age, years 44.3 (9.3) 41.9 (12.4) 44.6 (8.8)
Time since the acute phase, months 10.9 (4.5) 9.3 (5.5) 11.0 (4.3)
Tested positive for COVID-19, n 30 7 23
BMI, kg/m? 25.1 (9.3) 24.6 (3.5) 24.1 (6.2)
Overweight (BMI 25-29.9)/ Obese (BMI > 30), n 13/6 2/1 11/5
Smokers, n 3 0 3
Previously diagnosed pulmonary disease, n 5 0 5
Modified CAT 20 (15-26) 3.8 (11-21) 22 (16-26)
Physical activity ~ Sedentary 1 1 1
levels Lighter 36 3 33
pre-COVID, n  Regular 15 3 12
Elite 4 2 2
Functional Negligible 3 2 1
limitation by  Slight 19 3 16
PCFS, n Moderate 27 4 23
Severe 8 0 8
FVC, % predicted 104.8 (12.6) 107.9 (10.0) 104.2 (13.0)
FEV,, % predicted 100.3 (13.7) 101.6 (7.6) 100.1 (14.5)
PEF, % predicted 100.2 (19.1) 104.5 (16.2) 99.4 (19.7)
MIP, % predicted 81.1 (26.6) 100.4 (27.3) 77.8 (25.3)
MEP, % predicted 101.0 (28.5) 106.9 (27.3) 100.0 (29.4)
Thoracic expansion, % predicted 74.6 (36.7) 95.5 (28.6) 70.1 (37.0)

Data presented as M (SD), median (IQR) or n.

CAT: COPD Assessment Test; PCFS: Post-COVID Functional Status; FVC: forced vital capacity; FEV;: forced expiratory
volume in 1s; PEF: peak expiratory flow; MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure.

Table 2. Changes in symptom (normalised/improved/unchanged) from baseline to after the treatment period.

No intervention given

Effect of treatment

Symptoms Tested, n Not affected, n  despite symptoms, n * Normalised, n Improved, n None, n p-value
Dysfunctional breathing pattern 57 2 0 33 20 2 <0.001
n=57
Thoracic pain 54 22 7 8 16 1 <0.001
n=>54
Unproductive cough 57 31 0 17 9 0 <0.001
n=57
Productive cough 57 37 0 1 8 1 <0.001
n=>57
Inspiratory muscle strength 57 15 16 14 8 4 <0.001
n=57
Expiratory muscle strength 57 25 15 7 5 5 0.002
n=57

*These patients did not receive treatment due to dysfunctional breathing pattern or heavy disease burden in other symptoms from COVID-19.



Table 3. Maximal inspiratory pressure (MIP) and maximal expiratory pressure
(MEP) before and after training with IMT and/or EMT.

At baseline After training p-value
MIP, n=26 63 (31-95, 52-72.5) 83.5 (53-146, 65.75-93.5) 0.001
MEP, n=17 80 (44-133, 54-88) 91 (57-151, 69.5-116.5) 0.001

Data presented as Median (min-max and IQR). MIP maximal inspiratory pres-
sure, MEP maximal expiratory pressure.

Unproductive cough

At baseline, 26 participants reported, either through the CAT
protocol or when asked during a physiotherapist visit, an
unproductive cough that disturbed their talking and activi-
ties. At follow-up, 65% reported that the cough had vanished,
and 35% reported that it had improved/become less of a
burden (p<0.001, Table 2).

Productive cough

The presence of productive cough was reported at baseline
by 20 participants. After treatment, the symptoms were sig-
nificantly improved; 55% reported that the cough had van-
ished, 40% that it improved/become less at follow-up, and 1
patient (5%) reported that the cough and secretions remained
unchanged (p<0.001).

Respiratory muscle strength

Low MIP and MEP were found in 42 participants, but 16 of
them did not receive treatment for decreased inspiratory mus-
cle strength due to a dysfunctional breathing pattern or heavy
disease burden of other symptoms from COVID-19. A combi-
nation of IMT and EMT was prescribed to the remaining 17
participants, and 9 participants received only IMT. The results
are presented in Tables 2 and 3. The IMT resulted in a signifi-
cant improvement in 22 of the 26 patients (p<0.001) and an
average increase of 20.5 cmH,0O (p<0.001). Corresponding fig-
ures for EMT were 12 of 17 patients (p=0.002) and 11 cmH,O
(p<0.001).

Discussion

Post-COVID respiratory symptoms can be heterogenous, vari-
able over time, and difficult to identify by traditional tests
[12,21,32]. Consequently, an expanded battery of tests is
needed and different interventions in diverse combinations.
This study reports the findings of such tailored interventions
in a cohort of patients with post-COVID conditions.

The results from our previous post-COVID study [21]
showed that the overarching respiratory symptom is a dys-
functional breathing pattern. The pattern was observed by
the physiotherapists and described by the participants. This is
in line with the results from earlier studies [33,34] in which
patients with dysfunctional breathing reported dyspnoea
during activities, ribcage pain, and a feeling of tight armour/
girdle around the chest. Patients who were able to lie supine
with an almost normal breathing pattern lost the ability to
maintain this pattern when sitting upright or standing [21].
As a majority of the patients either normalised or improved
their breathing pattern during the treatment period, there is
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an indication to restore a normal breathing pattern using
specific breathing exercises.

The recovery process of post-COVID condition varies,
which may be due to COVID-19 being a multi-organ disease
causing long-term injuries to different organ systems. One
hypothesis is that it is caused by vasculature damage and
subsequent hypoxia [35]. Patients need to be informed that
setbacks can occur and are to be considered normal [32]. It
is also important to inform patients that the changed breath-
ing pattern is a physiological response to decreased dia-
phragm function in which the intercostal muscles have to
take over the responsibility of the breathing movements.
This increases the work of breathing, and the over-use of
these muscles may eventually cause other symptoms, such
as pain or decreased thoracic mobility [36]. This became
apparent in the present study because thoracic pain and
other discomfort during physical examination were reported
by 44% of the participants. When receiving treatment for
their thoracic pain in addition to their dysfunctional breath-
ing pattern, 24 of the patients recovered or improved. When
seeing patients with diffuse or odd respiratory symptoms, it
is important to ask questions about dysfunctional breathing
at rest and during different physical activities, especially
demanding activities such as ones requiring the arms above
shoulder level, walking uphill, or climbing stairs combined
with talking.

Early reports stated that respiratory muscle function was
impaired after COVID-19, which has been confirmed [21,37,38].
Of the participants who received respiratory muscle training
in the current study, the muscle strength normalised or
improved in 85% of those who performed IMT and 71% of
those who performed EMT. Thus, our findings confirm that
respiratory muscle training is feasible and can be successful
for post-COVID condition [21,39]. IMT and EMT are often
included in physiotherapy for many categories of patients
[40] but, in this study, it was tailored individually to not neg-
atively affect the dysfunctional breathing pattern. Therefore,
not all participants who may have needed IMT or EMT
received it. The treatment was only initiated if a normal
breathing pattern could be maintained and if it did not
increase the disease burden of other symptoms. Respiratory
muscle training has been recommended but the prescription
needs to be individualised [35,41,42]. The cost of the devices
used for the training is low, but measuring MIP and MEP is
necessary to optimise the treatment, as well as to evaluate
the results.

Unproductive and productive cough was a common
symptom among our participants. All participants receiving
advice on how to avoid unproductive cough and to treat
productive cough recovered partly, if not completely. These
results indicate the efficacy of physiotherapy interventions
including advice and breathing exercises, a cost-effective
treatment as the low-cost devices can be used in different
clinical settings.

The strengths of this study include the use of a consecu-
tive series of patients from the Vastra Gotaland region who
were referred to Sahlgrenska University Hospital's physiother-
apy outpatient clinic. The participants were assessed individ-
ually according to an extended protocol and were treated by
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physiotherapists specialised in respiration. The clinic has
access to special equipment, including RMMI, spirometers,
and digital manometers to measure the symptoms described
by the participants. However, most of the treatment was
based on common holistic physiotherapy practises when
treating patients with respiratory symptomes.

A limitation of this study is the lack of a control group.
The results should be interpreted with this in mind, but the
findings may constitute a basis for a randomised controlled
trial of a similar intervention structure. The content and
intensity of the treatment was adapted to the results of the
tests at the first visit, but also the results obtained during the
treatment. As the study was performed during clinical prac-
tise, both the content of the treatment plan and the duration
of it varied. However, this became a part of the tailored inter-
vention, reflecting the complex clinical reasoning underlying
the different approaches and the importance of adapting the
intensity of the rehabilitation to the participants. It would
have been of interest to report compliance with the interven-
tion, but no treatment diary was included. Retrospectively, a
structured assessment of the ability to be physically active
should have been included after the treatment period.
Respiratory function is intricately connected to physical activ-
ity and training, and future studies should be designed to
incorporate this perspective.

Conclusion

The findings of this study indicate positive clinical outcomes
after a tailored, individualised treatment of respiratory func-
tion in post-COVID conditions. The time needed to restore a
normal breathing pattern varied greatly. However, positive
effects of interventions to improve the breathing pattern,
thoracic mobility, pain, coughing, and respiratory muscle
function in patients with post-COVID respiratory symptoms
were seen during the clinical follow-up.
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