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ABSTRACT
A new type of coronavirus called Severe Acute Respiratory Syndrome (SARS-Cov-2) emerged 
in the city of Wuhan of China in December 2019. Due to its highly infectious nature, the new 
coronavirus (COVID-19) has spread over to more than 200 countries in the world and continues 
to infect more and more people worldwide. According to the World Health Organization, 5% of 
COVID-19 patients require the use of mechanical ventilators. Due to the fragile nature of the 
COVID-19 patients, it is of utmost importance that evidence-based safe exercises be applied 
to these patients. In this review, whole-body vibration, cycle ergometer, and electrical muscle 
stimulation were all investigated and evaluated in terms of their safety, feasibility, practicality, and 
the quality of evidence presented. According to the current evidence in the literature, they were 
all deemed safe and feasible alternatives to active exercises that could put the patients’ health 
in jeopardy. Physiotherapists are recommended to work with the intensive care unit physicians 
regarding the implementation of these exercise programs and determine whether the patients 
with COVID-19 are suitable for the program. This review concluded that whole-body vibration, 
cycle ergometer, and electrical muscle stimulation modalities may serve as the safe rehabilitation 
practices for the physiotherapists worldwide to improve functional outcomes in patients with 
COVID-19, prevent muscle wasting, delirium, and decrease respiratory complications of 
COVID-19.
Key Words: COVID-19, Whole-body vibration, Cycle ergometer, Electrical muscle stimulation, 
Early mobilization

ÖZ
Aralık 2019’da Çin’in Wuhan şehrinde Şiddetli Akut Solunum Sendromu (SARS-Cov-2) adı 
verilen yeni bir koronavirüs türü ortaya çıktı. Oldukça bulaşıcı doğası nedeniyle, yeni koronavirüs 
(COVID-19) dünyada 200’den fazla ülkeye yayılmış ve dünya çapında giderek daha fazla insana 
bulaşmaya devam etmektedir. Dünya Sağlık Örgütüne göre, COVID-19 hastalarının %5’i mekanik 
ventilatör kullanımına ihtiyaç duymaktadır. COVID-19 hastalarının kırılganlığı nedeniyle, bu 
hastalara kanıtlarla desteklenen güvenli egzersizlerin uygulanması büyük önem taşımaktadır. 
Tüm vücut titreşimi, el-ayak ergometresi ve elektriksel kas stimülasyonu bu derlemede araştırılmış 
ve güvenlik, fizibilite, pratiklik ve ortaya konulan kanıt kalitesi açısından değerlendirilmiştir. 
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INTRODUCTION

A new type of coronavirus called Severe Acute Respi-
ratory Syndrome (SARS-Cov-2) emerged in the city 
of Wuhan of China in December 2019(1). Due to its 
highly infectious nature, the new coronavirus (COVID-
19) has spread over to more than 200 countries in the 
world and continues to infect more and more people 
worldwide. The most common way for it to spread is 
mainly through respiratory droplets or aerosols that are 
released after a sneeze or a cough (2). To date, there 
have been 11.591.595 confirmed cases of COVID-19 
and 537.859 deaths reported to the World Health Orga-
nization (WHO) (3). The most common symptom of 
COVID-19 is fever (88.7%) which is followed by cough 
(67.8%), production of sputum (33.7%), nausea/vomiting 
(5.0%), and diarrhea (3.8%) (4). According to the WHO, 
80% of the cases with COVID-19 infections show only 
mild symptoms or no symptoms at all, while 15% expe-
rience severe infections that require hospitalization and 
oxygen, and the remaining 5% suffer from critical infec-
tions that require the use of mechanical ventilators (5). 

Considering the clinical presentation of COVID-19 and 
the need to rest in bed, most patients are unable to 
participate in mobilization exercises due to restrictions 
of movement imposed by the mechanical ventilators and 
hemodynamic instabilities. Intensive care unit acquired 
weaknesses (ICUAW) and psychological dysfunctions 
have emerged as the leading disadvantages of long-
term stay at an intensive care unit (ICU), and their impact 
on the quality of life over the long-term is becoming 
increasingly apparent (6). Besides the pathophysiology 
of COVID-19, this pandemic requires extreme isolation 
from the outside world with limited space to move which 
then paves the way to delirious acts (7). Many hospi-
talized patients with severe symptoms will also develop 
delirium. Kotfis et al. reported that approximately 70-75% 
of patients on mechanical ventilators develop delirium 
which in turn tends to lengthen hospital stays, increase 
costs, and mortality rates (7). 

To overcome the negative impact of prolonged ICU 
stays, recent studies have begun focusing on the poten-
tial benefits of early mobilization in the ICUs. Titsworth 
et al. found that early mobilization of patients with neuro-
logic injuries was associated with shorter ICU and hospi-
tal length of stay (LOS), and fewer hospital/ICU acquired 
infections (8). In another study, Medical Research Coun-
cil Manual Muscle Test Sum Score (MRC-SS) scores 
of patients on mechanical ventilators in ICU who were 
mobilized early were higher than the ones who were 
not mobilized in the early stages of their hospitalizations 
(9). This implies that the early mobilization group scored 
higher in strength testing when compared to the group 
who did not. Besides the strength gains, there are a 
few studies that reported that delirium could be reduced 
down to 50% on mechanically ventilated patients using 
the safety bundle called ABCDEFs developed by the 
Society of Critical Care Medicine (SCCM) (10, 11). The 
authors claimed that using lighter sedation and early 
mobilization was the key to reducing delirium in those 
respective studies. 

It appears that the biggest obstacle to early mobiliza-
tion seems to be the deep sedation levels and the pres-
ence of mechanical ventilators. One particular study 
reported very low participation in the early mobilization 
program due to sedation and patients being on ventila-
tors (9). The authors reported that early mobilization was 
not achieved in 84% (1079/1288) of the total planned 
sessions despite having experienced physiotherapy staff 
on site. The other potential reason for such low partici-
pation in the early mobilization program was due to the 
fact that the authors aimed to implement only an active 
exercise program where the patients had to actively use 
their muscles and participate rather than a combination 
of both an active and a passive exercise program. Active 
exercises promote better functional outcomes such as 
improved bed mobility, ambulation distance, and timed 
up and go (TUG) test (12). Even though active exercises 
are the better choice in terms of functional outcomes, in 
cases where the patients are unable to actively partic-
ipate in the program, passive exercises that are safe 

Literatürdeki mevcut kanıtlara göre hepsi, hastaların sağlığını tehlikeye atabilecek aktif egzersizlerin yerine,hasta sağlığı açısından 
güvenli ve uygulanabilir alternatifler olarak uygun görüldü. Fizyoterapistlerin, bu egzersiz programlarının uygulanması konusunda 
yoğun bakım ünitesi doktorlarıyla çalışması ve COVID-19 hastalarının, program için uygun olup olmadığını belirlemeleri önerilir. Bu 
derleme, tüm vücut titreşimi, el-ayak ergometresi ve elektriksel kas stimülasyonu yöntemlerinin, COVID-19’lu hastalarda fonksiyonel 
sonuçları geliştirmek, kas erimesini, deliryumu ve COVID-19’un solunumsal komplikasyonlarını azaltmak amacıyla, tüm dünyadaki 
fizyoterapistler için güvenli rehabilitasyon uygulamaları olabileceği sonucuna varmıştır.
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indication for patients to rely on mechanical ventilators 
to breathe (19, 20). Several other studies, however, 
concluded that as long as the early mobilization program 
was performed by a qualified professional, mechanical 
ventilator and/or the intubation status of the patient was 
not considered a contraindication to early mobilization 
(21-23). Therefore, recent studies have shown that early 
mobilization is both safe and feasible even if the patients 
are on a mechanical ventilator or intubated. The hospi-
tals and ICUs need to have early mobilization protocols 
in place and highly trained professionals such as physio-
therapists to perform those tasks safely. Thus, the inter-
action between the physiotherapists and other health-
care professionals regarding the implementation of such 
programs is crucial for improving functional outcomes 
while maintaining patient safety. 

Adverse Effects of Early Mobilizations

A Cochrane review study reviewing the potential adverse 
effects of early mobilization of critically ill patients in the 
ICU identified four Randomized Control Trials (RCTs) 
(24).

According to the information depicted in Table 1., three 
studies reported low occurrences of adverse events 
(25-27), and one study did not report any adverse 
events (28). Even though there should be more studies 
conducted in the future that investigates the safety and 
feasibility of mobilization of patients on mechanical venti-
lators, the current evidence suggests that it is both safe 
and feasible to mobilize mechanically ventilated patients 
in the ICU. 

Safe Rehabilitation Practices

Safe rehabilitation practices described here were 
selected from the current literature for being both safe 
and having the ability to improve patient participation 

for the patient could be implemented to improve patient 
participation. 

Previous studies related to COVID-19 and the role of 
physiotherapy when it comes to this pandemic have 
mainly focused on the respiratory therapy part of the 
profession (13-16). Respiratory physiotherapy is unde-
niably one of the most crucial parts of managing respi-
ratory-related issues in COVID-19 patients, however, it 
seems like it has been studied extensively enough, and 
the focus should now be shifted to finding safe rehabili-
tation practices to improve patients’ functional status in 
the ICU.

Therefore, this article will discuss the safe rehabilita-
tion practices for the COVID-19 patients on mechanical 
ventilators in the ICUs that could be implemented by 
the physiotherapists, doctors, and ICU staff in order to 
improve patient participation in mobilization exercises, 
prevent muscle wasting and delirium due to prolonged 
immobilization and extreme isolation. 

Barriers to Mobilizing Patients on Mechanical 
Ventilators

Early mobilization, while arguably feasible and benefi-
cial, is not still a norm in many ICUs worldwide. There 
are numerous concerns regarding the mobilization of 
patients that are on mechanical ventilators in the ICU. 
These concerns might be related to hemodynamic 
instability of the patient, lack of equipment, discipline, 
coordination, and protocols (17). One research study 
concluded that 63.5% of patients were unable to partici-
pate in the early mobilization program due to either intu-
bation or deep sedation levels (18). If deemed medically 
safe, the patient’s doctor could dose down the sedation 
levels and allow the patient to participate in the program. 
Some earlier studies have argued that it may be a contra-

Table 1. RCTs with adverse events as described in the Cochrane review.

Studies Adverse Events Types of adverse events Related to 
physiotherapy?

Kayambu, 2015 (28) No adverse events No adverse event No

Morris, 2016 (25) 8 events (total number of 
sessions not reported)

Endotracheal removal, vascular access device 
removal, fall,cardiac arrest No

Schweickert, 2009 (26) 21 events out of 498 
intervention sessions

Accidental dislodgement of the radial arterial 
catheter (1), oxygen desaturation <80% (1), 
patient instability (19)

Yes 

Patman, 2001 (27)
15 adverse events (total 
number of sessions not 
reported)

Pulmonary complications No
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sedated and unable to actively participate in the WBV 
sessions may benefit from the use of WBV in the ICU 
(35). In a study conducted on patients with spinal cord 
injuries, improvements in maximal isometric quadriceps 
strength were reported (36). Moreover, another study 
reported improvements in torque production in quadri-
ceps and hamstring muscles following WBV sessions in 
patients with multiple sclerosis (37). 

Wollersheim et al. have tested the safety and feasibility 
of WBV on mechanically ventilated patients in mixed and 
neuro intensive care units (35). Followed by a 6-minute 
warm-up performed by the physiotherapist, patients’ 
knees and hips were flexed to about 20 degrees, vibra-
tion plates were placed under the patients’ feet while 
making sure that adequate pressure was applied to 
the end of the bed. The WBV sessions lasted for 15 
minutes. The authors reported that no adverse events 
were observed in any patients during the sessions. They 
also reported that the procedure was simple enough 
for the physiotherapist on staff to perform. The authors 
concluded that taking the absolute contraindications into 
account, implementation of WBV on mechanically venti-
lated patients were both safe and feasible (35). Addition-
ally, the most recent study that reviewed the previous 
literature on the potential benefits of WBV on COVID-
19 patients found that WBV did not induce dyspnea and 
alter oxygen saturation levels (6). Based on the evidence 
that the authors have found, WBV could be very well 
tolerated by COVID-19 patients and potentially provide 
the desired functional outcomes (6). 

even if the patient is intubated and mechanically venti-
lated. Moreover, another reason for selecting these 
modalities was that all had a passive exercise mode 
which would allow the patient to participate in the early 
mobilization program regardless of the patient’s level of 
sedation. 

Whole-Body Vibration 

The whole-body vibration (WBV) method to improve 
outcomes in both healthy and unhealthy populations has 
become a focus of interest by the researchers in recent 
years. More and more studies are being conducted on 
this subject thanks to its multidimensional usability. It 
can be used both as an active and a passive exercise 
method which would mean that it could have a place 
in the ICU. WBV provides the users an opportunity to 
perform both static and dynamic exercises on a vibration 
platform in which the vibrations are transmitted up to the 
body through the feet (32). The vibration is suggested 
to cause muscle spindle activation, and α‐motor neuron 
excitation and thus augment muscle activation (32). 
Also, during a WBV session, the sinusoidal vibration 
stimulation often exerts an additional load on the neuro-
muscular system, which is quite similar to that found in 
resistance training (32). 

Currently, the researches have found evidence that 
WBV, when applied long enough, maintains muscular 
strength, increases bone density, and glucose metab-
olism (33, 34). Moreover, since the muscle contrac-
tion occurs at the spinal level, patients who are heavily 

Table 2. Contraindications to whole-body vibration, cycle ergometer and electrical muscle stimulation.

Modality Contraindications

Whole-body vibration

•	 Fractures or bone lesions
•	 High risk of thromboembolism
•	 Knee or hip prostheses
•	 Angina pectoris
•	 Low back pain
•	 Cardiac disease
•	 Recent trauma
•	 Pacemaker
•	 Epilepsy

Cycle ergometer
•	 Lower extremity instability issues (e.g. pelvic)
•	 Lower extremity fractures
•	 Presence of deep venous thrombosis

Electrical Muscle Stimulation

•	 Over areas of anterior neck region, carotid sinuses, heart, thoracic area, insensate 
skin, pregnancy

•	 Presence of a cardiac pacemaker
•	 Presence of a defibrillator, 
•	 During an electrocardiogram testing
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2 separate 30-minute sessions on the same day for 13 
days. The authors found that the muscle strength on the 
stimulated side increased drastically compared to the 
unstimulated side. They concluded that EMS may help 
prevent muscle weakness in the ICU (41). Additionally, 
Routsie et al. investigated whether or not the application 
of EMS on critically ill patients could help prevent the 
development of Critical Illness Polyneuropathy (CIPNM). 
The authors observed that the implementation of EMS 
on critically ill patients could assist in preventing CIPNM 
and reduce the period of weaning(42).

Poulsen et al. researched the effects of TENS on septic 
shock patients (43). He applied the EMS on the quadri-
ceps muscle unilaterally for 60 continuous minutes for 7 
days. Before and after images of the Computed Tomog-
raphy (CT) showed that quadriceps muscle volume in 
the control group decreased by 16% compared to a 20% 
decrease in the EMS group. The authors here concluded 
that EMS application may not have any impact on the 
muscle volume increase in the critically ill population (43). 

Contraindications to whole-body vibration, cycle ergom-
eter, and electrical muscle stimulation modalities were 
listed in Table 2. 

DISCUSSION

This review provided evidence-based, safe, feasible, 
and practical rehabilitation practices to the health profes-
sionals who are at the frontline in dealing with the drastic 
functional declines that the critically ill COVID-19 patients 
are currently experiencing in the ICUs worldwide. Even 
though no studies that are included here examined these 
methods directly on the COVID-19 patients, those stud-
ies were performed on critically ill patients whose symp-
toms resembled that of COVID-19. It is considered that 
the effects would be similar. 

The general consensus of the scientific studies included 
in this review was that WBV, CE, and EMS methods 
were all deemed safe and feasible rehabilitation prac-
tices (35, 38, 39, 42, 44). The safety of these methods 
is of utmost importance to the healthcare professionals 
treating and providing care to the COVID-19 patients 
as these patients are extremely fragile and any unsafe 
exercises could have a detrimental effect on their health 
status. Therefore, the availability of such exercises that 
are evidence-based and safe is extremely important and 
helpful. 

Prolonged stay at an ICU may cause a condition called 
intensive care unit acquired weakness (ICUAW). 

Cycle Ergometer

A cycle ergometer (CE) is an exercise device that could 
be easily used in a hospital bed by critically ill patients. 
This device could perform active, active-assisted, and 
passive exercises. A passive exercising option means 
that even people who are heavily sedated could utilize 
it. In recent years, there have been several studies 
conducted on the benefits of cycling in the ICUs specif-
ically on mechanically ventilated patients (30, 38-40). 
Burtin et al., in an RCT study of 90 ICU patients with 
a diagnosed respiratory failure, studied the effects of 
20 minutes of passive and active cycling (38). A total of 
425 cycling sessions were completed with no adverse 
events. The authors found that cycling greatly improved 
quadriceps strength and 6-minute walking test distance 
in critically ill patients most of whom were on mechanical 
ventilators. Following these positive results, the authors 
concluded that the implementation of CE in critically ill 
patients regardless of whether they were mechanically 
ventilated and sedated or not was safe, feasible, and 
practical (38). 

In another study conducted by Kho et al., a total of 541 
cycling sessions were performed on critically ill patients 
(39). Of those 541 sessions, 432 (80%) sessions were 
performed while the patients were on a mechanical 
ventilator (whose 268 (62%) were done while they had 
an endotracheal tube). Only one adverse event was 
observed which was rare (0,2%). The authors’ conclu-
sions were that cycling was both safe and feasible to 
be implemented in ICU settings. Preiser et al. investi-
gated the effects of passive cycling on heavily sedated, 
unconscious patients, and found that cycling decreased 
protein catabolism rates (30). Pires-Neto et al. also 
reported that the implementation of cycling in critically 
ill patients did not significantly change patient’s hemody-
namic, respiratory, and metabolic rates (40). The authors 
also concluded that cycling was a safe and feasible exer-
cise type that could be associated with better functional 
outcomes in the ICU survivors. 

Electrical Muscle Stimulation

Electrical muscle stimulation (EMS), in its simplest 
terms, is the stimulation and contraction of motor points 
on the muscles by the way of electrical impulses. This 
modality has been one of the go-to modalities in the 
physiotherapy and rehabilitation clinics for being easy 
to operate and studied effectiveness. Rodriguez et al. 
recruited 16 mechanically ventilated patients with septic 
shock into the study (41). He applied the EMS modality 
on the unilateral biceps and vastus medialis muscles for 
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CONCLUSION

This review concludes that WBV, CE, and EMS modal-
ities could be safely implemented to the mechanically 
ventilated and sedated patients in the ICUs in accordance 
with the current evidence to improve functional outcomes, 
prevent muscle wasting, delirium, and decrease respi-
ratory complications. Although these modalities were 
not implemented specifically on the COVID-19 patients, 
similar inferences could be also made regarding the 
COVID-19 patients who are treated in the ICUs world-
wide on the prevention of long-term complications such 
as ICUAW. Physiotherapists are recommended to work 
with the ICU physicians regarding the implementation 
of these exercise programs and determine whether the 
patients with COVID-19 are suitable for the program. 
Future studies that work with the critically ill COVID-19 
patients are needed to make further inferences regard-
ing the efficacy of these practices. 
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