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 Abstract
Background: There is an urgent need for new therapeutic options concerning patients with Post-Acute 
Sequelae of COVID-19 (PASC). Non-specific complaints such as cognitive impairment, reduced physical 
ability, shortness of breath, fatigue syndrome, arthritic and musculoskeletal pain restrain the overall quality 
of life. 

Objectives: This is a randomized, placebo-controlled, single-blind study. The period of observation went 
from July 2020 to August 2023. 142 patients were enrolled in the study. All patients gave written informed 
consent. Myoreflex therapy was performed on patients with PASC in order to enhance physical performance 
and improve the overall wellbeing of the patients.

Methods: 67 of the 142 patients each received 5 sessions of myoreflex therapy. The influence of myoreflex 
therapy on patients was assessed through testing of the pulmonary function. Continuous variables were 
tested between groups using Wilcoxon rank sum test. Categorial variables were tested using Pearson’s 
Chi-squared tests. In addition, a multiple group comparison (ANOVA/Tukey) was carried out to verify the 
results.

Results: Patients who received myoreflex therapy showed a significant improvement in diffusion capacity 
and diffusion performance compared to patients who did not receive myoreflex therapy.

Conclusion: Previous studies have shown a significant improvement in diffusion capacity after 6 weeks of 
intensive pulmonary rehabilitation. We are the first research group to demonstrate a similar effect after 5 
sessions of myoreflex therapy. According to our results, myoreflex therapy seems to have a positive effect 
on lung function, especially on diffusion capacity. Overall, this supports the theory that the musculature 
appears to play a central role in the generalized inflammatory processes associated with PASC.
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Introduction
 In December 2019 one of the greatest pandemics of our time started with the first COVID-19 cases 
reported in Wuhan, China [1]. Over 771.407.825 people were infected with the SARS-CoV-2 Virus and over 
6.972.152 deaths were reported according to the World Health Organization [2]. In Comparison the Influ-
enza pandemic in 1918 also known as the “Spanish flu” caused over 500 million infected people and nearly 
50 million deaths worldwide [3,4]. The echo of the COVID-19 pandemic is still perceptible in our society. 
Approximately 10-30% of the people infected with the SARS-CoV-2-Virus developed ongoing symptoms 
within 3 months after confirmed infection that last over 2 months [5] and are labeled as Post-Acute Sequel-
ae of COVID-19 (PASC). This aspect does not only affect the healthcare systems worldwide but also compro-
mises global economy. Nearly one-third of the patients with Post-Acute Sequelae of COVID-19 (PASC) is in 
need of a reduced work schedule compared to the healthier state prior to the infection. Additionally due to 
persistent symptoms one-third of the patients is not able to return to full workforce at 7 months of follow 
up [6]. These persisting symptoms are mainly non-specific and heterogeneous. Research has shown over 
hundreds of complaints related to SARS-CoV-2 infection. The most frequently described manifestations of 
Post-acute sequelae of COVID-19 are cognitive impairment, reduced physical ability, shortness of breath, 
fatigue syndrome, arthritic and musculoskeletal pain [7]. Presumably the restriction in daily activities such 
as running the household or the reduced physical performance restrain one´s quality of life. Until now 
there is no concrete therapy regime that can be offered to patients with non-specific symptoms of PASC. 
There is urgent need to improve physical performance and quality of life.

 In order to enhance physical performance Myoreflex therapy is frequently used in high-performance 
sports [8-10]. Myoreflex therapy is a holistic therapy concept combining the most effective therapeutic as-
pects of Chinese medicine, acupuncture, physiotherapy, manual therapy, orthopedics and biomechanics 
[11,12]. By improving the interaction of the musculoskeletal structures an overall improvement in mobil-
ity and the optimization of the movement can be achieved, thus making the course of movement become 
physiological [9-11]. In order to analyze pain and its source the therapist examines the relevant “kinetic 
chains”. A kinetic chain consists of all structures of the musculoskeletal system involved and interacting in 
a particular movement. There is a constant interaction of agonists and antagonists resulting in a particu-
lar movement such as walking, running etc. In order to generate an economical movement sequence the 
interaction of agonists and antagonists, contiguous joints and soft tissue structures needs to be accurately 
coordinated. Muscular imbalance, increased muscular tension and the resulting incorrect stress load on 
joints, can lead to the development of pain, postural anomalies and, in the long term, arthrosis. In order to 
analyze the source of pain, the therapist identifies the responsible kinetic chains [12]. Increased basic ten-
sion in the muscle of the patient is identified through structured palpation. By applying manual pressure, 
the therapist stimulates these areas of increased muscular tension until a noticeable relaxation takes place. 
The change in basic tension, and thus muscular dysregulation, is reported to the central nervous system 
via Golgi tendon receptors, muscle spindles, and adjoined afferences. Through this feedback mechanism, 
muscular imbalances and misalignments are reported and counter-regulation can occur. Muscle-tendon 
junctions are often the target of pressure point stimulation, as the underlying increased muscle tone can 
often be detected here. These points coincide with target points of acupuncture and neural therapy [12].
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 Based on existing data, it is assumed that Myoreflex therapy can reduce non-specific PASC symptoms 
and improve subjective dyspnea and lung function. Myoreflex therapy has already shown to significantly 
improve mobility and to reduce pain by releasing basic tension in muscles and correct misalignments and 
unphysiological stress load on joints and soft tissue structures. Therefore, Myoreflex therapy has been in-
cluded in the exercise routine of the US national Soccer Team and other high-performance sports [8-10]. 
This is the first study analyzing the effects of Myoreflex therapy on the pulmonary function of patients with 
PASC and non-specific symptoms.

Methods

 This study was conducted as a randomized, placebo-controlled, single-blind study at the German 
Military Hospital in Ulm, Germany. Participants were randomized by lot from third parties not involved in 
the study and received Myoreflex therapy or traditional physiotherapy consisting of respiratory therapy 
and manual therapy for the duration of the entire intervention period. Patients were informed that they 
would receive either a new or an established form of physiotherapy if they participated in the study. Fur-
ther details were omitted to ensure single blinding and thus better objectification of the results. The basic 
drug therapy of PASC corresponded to the standard of care and was the same in both groups. The decod-
ing of group membership took place after the intervention phase following evaluation of the lung function 
tests. The period of observation went from July 2020 to August 2023. 142 patients were enrolled in the 
study. All patients gave written informed consent. Patients included in the study had a positive PCR test for 
SARS-CoV-2 previously and ongoing non-specific PASC symptoms over 3 months such as fatigue-syndrome, 
cognitive impairment, reduced physical performance, dyspnea related to exertion etc. An extensive an-
amnesis, radiographic examination, detailed laboratory examination, bronchoscopy with biopsy of lung 
tissue, pulmonary function diagnostics and guideline-based drug therapy was performed on the patients. 
Subsequently, patients with persistent non-specific symptoms received either five sessions of myoreflex 
therapy (n=67) or conventional physiotherapy (n=75) after prior simple, unrestricted randomization. The 
study was approved by the ethics committee of the University of Ulm. Demonstration of data was based on 
the suggestions of the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) ini-
tiative. This research was performed in conformity with the ethical standards of the institutional research 
committee. For this non-interventional observational prospective study, the collected data were anony-
mized and all Patients gave written informed consent. Safeguarding of data was strictly assured.

Statistical analysis:  Continuous variables were tested between groups using Wilcoxon rank sum test. Cat-
egorial variables were tested using Pearson’s Chi-squared tests. P-values were adjusted for multiple testing 
using a Bonferroni correction. Level of significance was set to alpha = 0.05.

 In addition, a multiple group comparison (ANOVA/Tukey) was carried out to verify the results.

Results

 A total of 142 patients were recruited for this study. 67 patients received five sessions of myoreflex 
therapy and 75 patients received five sessions of traditional physiotherapy consisting of breathing therapy 
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and manual therapy. All patients experienced mild COVID-19 without the need for hospitalization in the 
acute phase. The diagnosis of COVID-19 was on average 20 weeks ago. The average age of the study par-
ticipants was 40 years. In addition, none of the patients had a relevant previous illness. The lung function 
parameters recorded before and after the respective therapy series are shown in Tables 1 to 3. The present 
analysis showed that Diffusion Capacity (DLCO and KCO) improved significantly (p<0.001) in patients after 
myoreflex therapy compared to patients who received conventional treatment (Table 3; Figures 1 & 2). The 
other parameters of lung function also showed a positive trend (Table 3). The additional ANOVA/Tukey 
analysis showed comparable results. DLCO and KCO after myoreflex therapy showed a significant improve-
ment (p<0.05) for both parameters.

Figure 1: Comparing DLCO before (BT) and after 
(AT) Myoreflex therapy. It shows a highly significant 
improvement in DLCO in patients who received myoreflex 
therapy.

Figure 2: Comparing KCO before (BT) and after 
(AT) Myoreflex therapy. There ist a highly significant 
improvement in KCO in patients who received myoreflex 
therapy.

Table 1: Descriptive data and parameters of pulmonary function before Myoreflex therapy.

Characteristics Overall,  N=142 No-Myoreflex therapy N=75 Myoreflex therapy N=67 p-value1

ID, median(IQR) 72(36, 126) 61(31, 132) 77(45, 123) 0.402

Sex, n(%) 0.098

male 74(52%) 44(59%) 30(45%)

female 68(48%) 31(41%) 37(55%)

Age, median (IQR) 40(28, 54) 40(28, 55) 38(28, 52) 0.592

Weeks since Covid, median (IQR) 20(14, 38) 20(12, 38) 22(16, 36) 0.318

Spirometry

FVC, median (IQR) 93(82, 104) 93(86, 103) 92(86, 103) 0.902

FEV1, median (IQR) 93(82, 104) 94(83, 105) 91(82, 101) 0.438

FEV1/FVC, median (IQR) 90(81, 100) 90(81, 100) 91(80, 100) 0.939

MEF50, median (IQR) 87(68, 100) 91(72, 109) 85(63, 97) 0.033

Lung volume 

TLC, median (IQR) 102(92, 115) 102(91, 112) 102(95,116) 0.287

RV/TLC, median (IQR) 109(90, 122) 103(90, 118) 111(93, 129) 0.256

Diffusion capacity

DLCO, median (IQR) 93(81, 107) 94(84, 108) 92(81, 105) 0.549

KCO, median (IQR) 102(93, 113) 107(94, 117) 99(93, 109) 0.025

Data are presented as n, median (IQR=Interquartile Range), n (%) and parameters of pulmonary function were given in percent. 1Wilcoxon 
rank sum test. Variables were tested using Pearson’s Chi-squared tests. Weeks since Covid: Weeks since first diagnosis of COVID-19; FVC: 
Forced Vital Capacity; FEV1: Forced Expiratory Volume in 1 s; MEF50: Mean Expiratory Flow at 50% of FVC; TLC: Total Lung Capacity; RV: 
Residual Volume; DLCO: Diffusing Capacity of the Lung for Carbon Monoxide; KCO: factor for carbon monoxide absorption of the lung.
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Table 2: Parameters of pulmonary function after Myoreflex therapy.

Characteristics Overall,  N=142 No-Myoreflex therapy N=75 Myoreflex therapy N=67 p-value1

Spirometry

FVC, median (IQR) 95(88, 105) 96(88, 105) 94(87, 105) 0.706

FEV1, median (IQR) 96(86, 106) 96(88, 109) 94(83, 104) 0.243

FEV1/FVC, median (IQR) 82(77, 87) 81(78, 86) 82(77, 87) 0.947

MEF50, median (IQR) 88(74, 103) 94(78, 113) 85(68, 96) 0.024

Lung volume 

TLC, median (IQR) 106(93, 115) 103(91, 113) 107(99, 117) 0.182

RV/TLC, median (IQR) 103(89, 121) 101(84, 119) 106(92, 124) 0.158

Diffusion capacity

DLCO, median (IQR) 100(89, 111) 97(83, 104) 102(92, 114) 0.015

KCO, median (IQR) 108(95, 115) 102(92, 112) 109(103, 118) 0.002

Data are presented as n, median (IQR=Interquartile Range), n (%) and parameters of pulmonary function were given in percent.1 Wilcoxon 
rank sum test. Variables were tested using Pearson’s Chi-squared tests. Weeks since Covid: Weeks since first diagnosis of COVID-19; FVC: 
forced vital capacity; FEV1: Forced Expiratory Volume in 1 s; MEF50: Mean Expiratory Flow at 50% of FVC; TLC: Total Lung Capacity; RV: 
Residual Volume; DLCO: Diffusing Capacity of the Lung for Carbon Monoxide; KCO: factor for carbon monoxide absorption of the lung.

Table 3: Differences in parameters of pulmonary function after minus before Myoreflex therapy.

Characteristics Overall,  N=142 No-Myoreflex therapy N=75 Myoreflex therapy N=67 p-value1

Spirometry

FVC, median (IQR) 1(-3,5) -1(-4,5) 1(-3,6) 0.242

FEV1, median (IQR) 1(-4,7) 0(-4,7) 1(-4,7) 0.616

FEV1/FVC, median (IQR) -4(-16,1) -3(-15,1) -5(-19,1) 0.506

MEF50, median (IQR) 0(-8,8) 0(-7,8) 0(-8,8) 0.751

Lung volume 

TLC, median (IQR) 1(-6,8) 0(-6,7) 1(-7,11) 0.730

RV/TLC, median (IQR) -4(-21,13) -4(-17,16) -3(-27,12) 0.403

Diffusion capacity

DLCO, median (IQR) 2(-4,10) 0(-10,2) 6(0,18) <0.001

KCO, median (IQR) 3(-4,10) -3(-10,0) 8(3,16) <0.001

Data are presented as n, median (IQR=Interquartile Range), n (%) and parameters of pulmonary function were given in percent.1 Wilcoxon 
rank sum test. Variables were tested using Pearson’s Chi-squared tests. Weeks since Covid: Weeks since first diagnosis of COVID-19; FVC: 
Forced Vital Capacity; FEV1: Forced Expiratory Volume in 1 s; MEF50: Mean Expiratory Flow at 50% of FVC; TLC: Total Lung Capacity; RV: 
residual volume; DLCO: Diffusing Capacity of the Lung for Carbon Monoxide; KCO: factor for carbon monoxide absorption of the lung.

Discussion

 In this study, myoreflex therapy is described as a non-pharmacological procedure that can achieve 
significant improvements in lung function parameters, in particular diffusion capacity, in patients with 
PASC after only a short period of time. Previous studies have shown that COVID-19 can be associated with 
a higher degree of damage to alveolar cells and lung structure [13]. The pathological changes can be caused 
directly by the viral infection or secondarily by an excessive inflammatory response [14]. This leads to dif-
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fuse alveolar damage [15]. 30% of patients who survive severe COVID-19 develop persistent impairment 
of lung function. 10% of those affected also develop radiologically and histologically detectable airway pa-10% of those affected also develop radiologically and histologically detectable airway pa-0% of those affected also develop radiologically and histologically detectable airway pa-
thology such as fibrotic lung damage [16]. Almost one third of patients with PASC and persistent dyspnea 
were found to have a reduced diffusion capacity [17,18]. Restrictive pulmonary changes and an associated 
reduced diffusion capacity after acute lung diseases have been shown to contribute to long-term functional 
impairment and lead to a reduced health-related quality of life [19,20]. A reduced diffusion capacity was 
also detected in the present study in patients with previously mild COVID-19. Damage to the interface 
between the alveolus and capillaries is discussed in the literature as a possible correlate. This theory was 
supported by an exploratory hyperpolarized 129Xe MRI analysis [20]. It is not yet clear whether patients 
with PASC and reduced diffusion capacity develop pulmonary fibrosis. As these are very slow processes, 
we will have to wait and see over the next few years. However, in a Chinese study 20% of PASC patients 
showed a persistently reduced diffusion capacity. In this case, the accompanying CT scan showed the on-
set of pulmonary fibrosis, which supports the importance of DLCO measurement and early improvement 
[22]. Several studies have already shown that there was a significant improvement in lung function after 
6 weeks of pulmonary rehabilitation in patients with PASC [23,24]. In the present analysis, a significant 
improvement was also observed, albeit after only five outpatient sessions of Myoreflex therapy. The reha-
bilitation success was attributed by Liu et al. [23] to the strengthening of the auxiliary respiratory muscles. 
The significant improvement in diffusion capacity in patients receiving Myoreflex therapy suggests that the 
inflammatory process in the lung parenchyma and the suspected alveolar damage might be positively influ-
enced by Myoreflex therapy. The underlying pathomechanism still needs to be investigated in more detail. 
Several limiting aspects must be taken into account when interpreting the results of our study. Due to the 
fact that the pathomechanisms of PASC have not yet been fully elucidated and due to the basic design of the 
study, it is not possible to provide clear evidence of a correlation between myoreflex therapy and the im-
provement in lung function. The comparison group only received conventional physiotherapy and no my-
oreflex therapy with therapeutically ineffective points. A true placebo control as a comparison arm could 
therefore not be guaranteed. The observed improvements in lung function could in principle also be due to 
the normal healing process of the lungs or greater attention to the patient. Nevertheless, the assumption 
that Myoreflex therapy has a positive influence on the improvement of lung function can be justified by the 
significantly higher benefits in patients who received therapy. The results of this study cannot be applied 
to the entire population of PASC patients, as the present study population was younger and had fewer pre-
existing diseases than in comparable studies. However, this in turn is also a strength of the study, as such a 
clientele has not been investigated in any previous work. Due to the positive aspects of Myoreflex therapy 
already established in high-performance sports and the indications of a positive influence on lung func-
tion presented in this analysis, subsequent studies should also look at further possible effects of Myoreflex 
therapy on other non-specific symptoms in PASC. Especially a possible improvement in fatigue-syndrome 
or cognitive impairments should be investigated.

Conclusion

 Myoreflex therapy offers a time-saving alternative to current lengthy rehabilitation process and has 
been shown to lead to at least an equivalent improvement in lung function. It was shown that patients who 
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received Myoreflex therapy had a significant improvement in diffusion capacity. The investigation of fur-
ther possible positive effects of Myoreflex therapy in PASC patients with non-specific symptoms should be 
considered in following studies.

Highlights

- In top-level sport, PACS has repeatedly put an end to careers. For the first time, myoreflex therapy shows a 
significant improvement in the diffusion performance of the lungs by treating the muscles. This illustrates 
the connection between previously unspecific myopathy and a resulting generalized inflammatory reac-
tion. 

- PASC also means that many amateur athletes are no longer able to reproduce the training goals they previ-
ously achieved without any problems. In some cases, they even have to give up sport completely. Myoreflex 
therapy can restore the ability to train. 

- This study illustrates the need for a multidisciplinary concept and not just the treatment of one organ, 
such as the lungs themselves.

- We were also able to show that missing baseline values of previously presumed healthy individuals sug-
gest falsely normal lung function values. By comparison in the field of sports, where individual baseline 
values were available before COVID-19, even a KCO value of 100% can therefore be significantly lower (if it 
was previously 140%, for example) and thus clinically significant.

- Myoreflex therapy offers a time-saving alternative compared to current long lasting rehabilitation and 
has shown evidence of equivalent improvement in lung function. It was shown that patients who received 
Myoreflex therapy had a significant improvement in diffusion capacity. 
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Key messages

 Myoreflex therapy is an outstanding and unique therapy concept that provides long-term benefits 
for the patients. This work explains for the first time on a scientific level the basic principles and underpins 
them with a summary of pre-described individual cases. Myoreflex therapy is a suitable procedure for com-
plementary use in cases of long-lasting performance deficits such as Post-Acute COVID Syndrome (PACS). 
Treatment of the musculature has a significant influence on the normalization of lung function parameters, 
which is indicative of generalized inflammation involving the musculature in PACS patients.
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