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A B S T R A C T   

Objective: To evaluate the muscle strength and functional level of patients discharged from intensive care unit 
(ICU) in relation to the swimmer position as a nurse intervention during pronation. 
Methods: Prospective study conducted in the hub COVID-19 center in Milan (Italy), between March and June 
2020. All patients with COVID-19 discharged alive from ICU who received invasive mechanical ventilation were 
included. Forward continuation ratio model was fitted to explore the statistical association between muscle 
strength grades and body positioning during ICU stay. 
Results: Over the 128 patients admitted to ICU, 87 patients were discharged alive from ICU, with available follow- 
up measures at hospital discharge. Thirty-four patients (39.1%) were treated with prone positioning as rescue 
therapy, for a total of 106 pronation cycles with a median duration of 72 (IQR 60–83) hours. Prone positioning 
did not influence the odds of showing particular level of muscle strength, in any of the evaluated districts, namely 
shoulder (OR 1.34, 95%CI:0.61–2.97), elbow (OR 1.10, 95%CI:0.45–2.68) and wrist (OR 0.97, 95% 
CI:0.58–1.63). Only in the shoulder district, age showed evidence of association with strength (OR 1.06, 95% 
CI:1.02–1.10), affecting people as they get older. No significant sequalae related to swimmer position were re-
ported by physiotherapists or nurses. 
Conclusion: Swimmer position adopted during prone ventilation is not associated with worse upper limb strength 
or poor mobility level in COVID-19 survivors after hospital discharge.  

Implications for clinical practice   

• Pronation with arms placed in swimmer position was not associated with shoulder muscle strength at ICU discharge.  
• Swimmer position performed by nurses is feasible in ICU.  
• Multi-professional ICU team was the key to support at best patients admitted to ICU during the first months of pandemic.   
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Introduction 

Coronavirus disease 2019 (COVID-19) is caused by the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), that has spread 
globally at the beginning of 2020 (Huang et al., 2020). SARS-CoV-2 
infection affects the respiratory system causing an acute respiratory 
distress syndrome (ARDS) that can require extended periods of invasive 
mechanical ventilation (Richardson et al., 2020). In particular, many 
patients required also prone positioning (Langer et al., 2021) as a rescue 
therapy, which does not come without complications, like pressure ul-
cers (Binda et al., 2021a; Douglas et al., 2021; Ibarra et al., 2020; Luc-
chini et al., 2020; Shearer et al., 2021) and musculoskeletal injuries 
(Goettler et al., 2002; Malik et al., 2020). 

The guidelines from United Kingdom recommend to use the alternate 
swimmer position for the upper limbs of patients sedated and mechani-
cally ventilated requiring pronation (Bamford et al., 2019). Prolonged 
prone positioning in patients with ARDS, which is also recommended by 
the Society of Critical Care Medicine and the European Society of 
Intensive Care Medicine (Alhazzani et al., 2020; Mitchell and Seckel, 
2018), increases the risk of exposure to localized compression in specific 
part of the body and can be responsible for nerve damage and plexop-
athy (Brugliera et al., 2021; Simpson et al., 2020). The head rotation on 
the side of the abducted arm advised within the swimmer position is used 
by nurses to maintain neutral alignment of the cervical spine, becoming 
also a relief for the emerging roots from intervertebral foramen (Bogduk 
and Mercer, 2000; Mihara et al., 2018). However, current evidence 
shows that patients mechanically ventilated have high risk of developing 
also limbs muscles weakness (Medrinal et al., 2020), and the differen-
tiation between the post critical care weakness and the prone posi-
tioning plexopathy can be difficult (Shepherd et al., 2017). Considering 
the severity of COVID-19, it is reasonable to expect that some patients 
with ARDS undergoing prone positioning may experience upper limbs 
weakness. So far, early physiotherapy mobilization has been recom-
mended to prevent muscles weakness and limit further sequelae 
potentially due to prone positioning (Eggmann et al., 2021; Thomas 
et al., 2020), thus making physiotherapy an essential part of the complex 
management of patients in ICU. 

The primary aim of this study was to evaluate the levels of muscle 
strength of patients discharged from ICU, and to report any adverse 
event related to the swimmer position adopted during the ICU stay. As a 
secondary aim, we explored how muscle strength and functional mea-
sures of independence changed over time, and if these were influenced 
by prone positioning. 

Methods 

Study design 

This prospective single-centre study was conducted at Fondazione 
IRCCS Ca’ Granda Ospedale Maggiore Policlinico, an academic tertiary- 
level hospital in Milan (Italy), during the COVID-19 pandemic between 
March and June 2020. We included all adult patients with laboratory- 
confirmed SARS-CoV-2 infection admitted to ICU and discharged alive 
from ICU who received invasive mechanical ventilation. Considering the 
repeated-measure design, patients were excluded if died before the ICU 
discharge. The study was approved by the local ethics committee of our 
Institution (ethics approval number 667_2020). 

Nursing and physiotherapy interventions 

The prone positioning maneuver was used for all patients as a rescue 
measure in case of severe impairment of gas exchanges (PaO2/FiO2 
≤100), after having optimized the ventilatory strategy in supine position 
(Foti et al., 2020). Enteral nutrition was initiated early after ICU 

admission using a high protein liquid formula. Before the maneuver, the 
gastric content was suctioned to avoid inhalation and enteral nutrition 
was continued, monitoring episode of intolerance (Bruni et al., 2020). 

Four nurses and one experienced team leader were necessary to 
perform a safety maneuver following a strict protocol, as already re-
ported by our group elsewhere (Binda et al., 2021b). Patients were 
rolled into prone position, and upper limbs were carefully placed in the 
swimmer position. This involves the rotation of the head on the side of 
the abducted arm and the other arm placed by the patient side. The 
shoulder should be abducted to 80◦ and the elbow and forearm should 
be slightly flexed and pronated so as to not create a stretching force 
along the median and ulnar nerves (Bamford et al., 2019; Nee et al., 
2010) (Fig. 1). The upper arms and head rotation were scheduled every 
2–4 hours, after fixing the endotracheal tube (Bamford et al., 2019). The 
use of thoracic pelvic supports and other special measures (foam head 
support or pillows) during prone positioning was avoided (Chiumello 
et al., 2006). 

After withdrawal from neuromuscular blocking agents (NMBA), all 
patients were evaluated by physiotherapists. A progressive rehabilita-
tion programme aimed to maintain or restore functional range of 
movement, strength, and functional capacity was implemented. Phys-
iotherapists delivered passive and active mobilization, muscle 
strengthening exercise, balance training and progressive re-training of 
postural steps, with the overall goal to recover functional activities of 
daily living (ADL) through the entire length of hospitalization. Specif-
ically, considering the swimmer position adopted when patients were 
prone, physiotherapists mostly focused on early recognition of nerve 
injuries and treatment of potential muscle weakness, as described in a 
recent study (Miller et al., 2021). 

Data collection 

Strength and functional measures were evaluated at ICU and hospital 
discharge. Physiotherapists used Manual Muscle Testing (MMT) to 
assess muscles strength, assigning a score depending on how much one 
patient was able to resist the pressure, measured on a five-point scale 

Fig. 1. Prone patient in swimmer position. The position involves raising one 
arm on the same side to which the head is facing whilst placing the other arm 
by the patient side. The figure was created with permission of BioRender.com. 
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(Ciesla et al., 2011). Although relying on a subjective assessment, MMT 
returns reliable results (Bohannon, 2019). Muscles were tested during 
shoulder abduction, elbow flexion and wrist extension. These muscles 
were selected based on the standard approach for evaluating patients for 
ICU-acquired weakness used in prior publications (Ali et al., 2008; De 
Jonghe et al., 2002). Physiotherapists also recorded the Manchester 
Mobility Score (MMS), a seven-point scale used for assessing mobility 
levels in critical care setting (McWilliams et al., 2016). Before hospital 
discharge, ADL were assessed using the Barthel index, an ordinal scale 
that included ten variables describing mobility and independence 
(Mahoney and Barthel, 1965). 

Baseline characteristics, including demographics, days of invasive 
mechanical ventilation, days of NMBA administration, tracheostomy 
insertion, use of prone positioning, ward- and ICU-length of stay were 
obtained from medical records. All study data were collected using the 
Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico secure 
REDCap database (Research Electronic Data Capture, version 11.0.3) 
(Harris et al., 2009). 

Statistical analysis 

Descriptive statistics were used to summarize demographic and 
clinical features. We presented patients’ characteristics stratified by the 
body positioning adopted during ICU stay as median (interquartile 
range, IQR) and count (percentage). Difference between continuous or 
categorical variables were tested with Wilcoxon rank sum test or Fisher 
test. Correlation between continuous measures was explored using 
Spearman correlation coefficient (ρ), and the Benjamini-Hochberg 
method was applied to correct for multiple testing. Considering that 
muscle strength was measured on an ordinal five-point scale, we esti-
mated the conditional odds of showing a particular strength, given that 
an individual has reached that level of strength or above. Therefore, a 
forward continuation ratio (Agresti, 2012) model was fitted to explore 
the statistical association between muscle strength grades and body 
positioning during ICU stay, adjusted for the number of days under 
NMBA, length of hospital stay and Sequential Organ Failure Assessment 
(SOFA) score. Based on the lowest Akaike information criteria, age 

Table 1 
General characteristics of COVID-19 ICU survivors.  

Demographic characteristics Overall (N = 87) Supine (N = 53) Prone (N = 34) 

Age (years) 58.0 (50.0–64.0) 58.0 (50.0–64.0) 58.0 (50.0–65.0) 
Sex (female) 23 (26.4%) 15 (28.3%) 8 (23.5%) 
Sex (male) 64 (73.6%) 38 (71.7%) 26 (76.5%) 
Ethnicity    

Caucasian 77 (88.5%) 46 (86.8%) 31 (91.2%) 
Black 4 (4.6%) 3 (5.7%) 1 (2.9%) 
Hispanic 3 (3.4%) 3 (5.7%) 0 (0%) 
Arab 2 (2.3%) 1 (1.9%) 1 (2.9%) 
Asian 1 (1.1%) 0 (0%) 1 (2.9%)  

Clinical characteristics    
Body Mass Index    

Normal weight (≤24.9) 24 (27.6%) 16 (30.2%) 8 (23.5%) 
Overweight (25.0–29.9) 40 (46.0%) 24 (45.3%) 16 (47.1%) 
Obesity (≥30.0) 23 (26.4%) 13 (24.5%) 10 (29.4%) 

SOFA score at ICU admission 5.0 (4.0–8.0) 5.0 (3.0–7.0) 6.5 (4.0–9.5) 
NMBA therapy (days) 11.0 (5.0–19.0) 7.0 (2.0–12.0) 18.0 (11.0–22.0) 
Length of IMV (days) 16.0 (10.0–28.0) 12.0 (7.0–21.0) 24.0 (14.0–48.0) 
Length of ICU stay (days) 17.0 (12.0–32.0) 14.0 (9.0–32.0) 27.0 (17.0–50.0) 
Tracheostomy 22 (25.3%) 7 (13.2%) 15 (44.1%) 

Data are presented as counts (%) or median (IQR). 
Abbreviations: ICU, Intensive Care Unit; IMV, Invasive Mechanical Ventilation; NMBA, Neuro Muscular Blocking Agents; SOFA, Sequential Organ Failure Assessment 
Score. 

Table 2 
Functional characteristics stratified by body position at ICU discharge.  

Physiotherapy metrics Supine (N = 53) Prone (N = 34) P-value 

Manual Muscle Testing    
Shoulder    0.819 
≤2 18 (34.0%) 13 (38.0%)  
≥3 35 (66.0%) 21 (62.0%)  

Elbow    0.296 
≤2 9 (17.0%) 9 (26.5%)  
≥3 44 (83.0%) 25 (73.5%)  

Wrist    0.101 
≤2 4 (7.5%) 7 (20.6%)  
≥3 49 (92.5%) 27 (79.4%)   

Manchester Mobility Score    0.925 
1 – In bed interventions 22 (41.5%) 14 (41.2%)  
2 – Sit on edge of bed 23 (43.4%) 15 (44.1%)  
3 – Hoisted to chair 1 (1.9%) 0 (0%)  
4 – Standing practice 0 (0%) 0 (0%)  
5 – Transfers with assistance 3 (5.7%) 4 (11.8%)  
6 – Mobilizing with or without assistance 3 (5.7%) 1 (2.9%)  
7 – Mobilizing > 30 m 1 (1.9%) 0 (0%)  

Data are presented as counts (%). 
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entered in the model as linear. Every model was fitted separately for 
each body district (i.e., shoulder, elbow, and wrist). We used the same 
approach to explore the association between selected variables and the 
scores of the MMS scale. Results from these models are reported as odds 
ratio (OR) and 95% confidence intervals (CI). 

For all analyses, p-values were two-sided, and p < 0.05 was 
considered statistically significant. All of the current analyses were 
performed using R Core Team (R Core Team, 2019), version 3.6.2 with 
package GLMMadaptive added. 

Results 

Over the 128 patients admitted to our ICU in the considered period, 
35 patients died before weaning and other 6 were treated only with 
noninvasive ventilation. This analysis focused on the 87 patients who 
were discharged alive from ICU, with available follow-up measures at 
hospital discharge. 

Table 1 reports patients’ characteristics at ICU discharge. 
Prone position was used in 39.1% (34/87) of patients as rescue 

therapy, for a total of 106 pronation cycles with a median duration of 72 
(IQR 60–83) hours. In particular, 64.7% (22/34) of patients were posi-
tioned prone for longer than ≥ 16 hours. No significant adverse events 
related to swimmer position were reported by physiotherapists or nurses. 

Table 2 reports the functional characteristics of patients when they 
were discharged from ICU. Neither strength nor MMS score showed 
evidence of statistical differences between groups. Using a clinical cut- 
off of MMS < 3, almost 85.1% of patients in both groups could not 
even be hoisted to chair. 

On average, patients who were supine in ICU spent 12 days less in 
hospital compared to patients treated with prone position, respectively 
38 (IQR 29–53) and 50.5 (IQR 36–81.75) days (P = 0.010). Barthel 
index was not statistically different between patients treated prone or 
supine (P = 0.746), when evaluated at hospital discharge. However, 
patients discharged to home (46/87) scored at Barthel index 10.0 points 
higher than those discharged to other hospital facilities (34/87), like 
rehabilitation units (P < 0.001). Regarding MMS, no evidence of dif-
ference was found between groups at hospital discharge (P = 0.073). 

Fig. 2. Correlation plot in patients treated with supine or prone position. 
Correlations not surviving correction for multiplicity are crossed. Direction and 
strength of correlation is displayed both by colors and circles areas. 

Fig. 3. Forward continuation ratio model for shoulder strength. Lines depict marginal probabilities for each strength level. For example, when discharged from ICU, 
a patient aged 60 years shows greater probability of having strength equal to 3 rather than 4 or 5. Before leaving the hospital, the probability of one patient of the 
same age to show strength equal to 4 is higher than showing a normal muscle strength (i.e., 5). 
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The analysis of ICU survivors revealed a statistically significant 
correlation between few variables between prone and supine groups 
(Fig. 2). Particularly, Barthel index and MMS administered at hospital 
discharge showed a moderate positive correlation (ρ = 0.62, P = 0.001) 
in the prone group; however, the strength of such relationship was 
weaker for patients who were supine (ρ = 0.37, P = 0.038). When pa-
tients were prone, correlation between age and length of hospital stay or 
days spent mechanically ventilated disappeared compared to patients in 
supine position. At hospital discharge, the same pattern was seen be-
tween the Barthel index and MMS score with the length of ICU stay or 
days of mechanical ventilation. 

From the fitted models, prone positioning did not influence the odds 
of showing particular level of strength, in any of the evaluated districts, 
namely shoulder (OR 1.34, 95%CI:0.61–2.97, P = 0.468), elbow (OR 
1.10, 95%CI:0.45–2.68, P = 0.839) and wrist (OR 0.97, 95% 
CI:0.58–1.63, P = 0.916). Only in the shoulder district, age showed 
evidence of association with the odds of having a particular strength (OR 
1.06, 95%CI:1.02–1.10) rather than higher one. In other words, the 
older were the patients, the smaller the odds of showing higher levels of 
strength. Marginal probabilities of each strength level for the shoulder 
are reported in Fig. 3. At ICU discharge, patients were more likely than 
patients at hospital discharge to stop out at a particular strength 
(shoulder and elbow: ORs 0.03, 95%CI:0.01–0.08; wrist OR 0.22, 95% 
CI: 0.14–0.35). This also applies to MMS (OR 0.01, 95%CI: 0.00–0.03). 
Particularly, the number of days under NMBA influenced the odds of 
showing a particular MMS level (OR 1.06 95%CI:1.00–1.12) rather than 
higher one. SOFA and ICU length of stay did not show evidence of as-
sociation with muscle strength or MMS. 

Discussion 

This study describes the clinical course of 87 critically ill patients 
who presented with ARDS due to COVID-19 and survived to ICU. The 
results showed that a large proportion of COVID-19 survivors had low 
MMS score at ICU discharge, with no substantial difference between 
prone and supine individuals, also in terms of shoulder muscle strength. 
Nearly 4 patients over 10 underwent prone positioning and prolonged 
period of mechanical ventilation with a high use of NMBA, however 
their functional outcomes were comparable between considered groups. 

During COVID-19 pandemic, the extensive use of prone positioning 
and the heterogeneity of arms position could have had unfavourable 
consequences, like weakness and pain due to potential nerve damage 
(Miller et al., 2021). The swimmer position is traditionally adopted to 
reduce the difficulties in positioning patient’s head and endotracheal 
tube, to reduce the risk of developing facial pressure ulcers and to ensure 
a safe intravenous access line, as implemented also in our clinical 
practice. Alternate positioning of the arms is a nursing intervention 
aimed to prevent both pressure ulcers and nerve/muscle injuries. As 
suggested, arms should be cycled every 2–4 hours (Bamford et al., 
2019), however these recommendations are not always feasible in pa-
tients who are mechanically ventilated in prone position, especially 
throughout the COVID-19 pandemic, considering also the undertrained 
staff not familiar with this procedure (Peko et al., 2020). Unfortunately, 
the asymmetrical arm position used in the maneuver may cause traction 
and compression of the plexus of the adducted arm: for this reason, 
upper limb nerve injuries related to brachial plexus neuropathy have 
been associated with the prone position (Kwee et al., 2015). Suspicion 
should be raised if a patient reports signs of neuropathic pain or loss of 
sensation in a peripheral nerve distribution or demonstrates focal mus-
cle wasting or loss of power. Physiotherapists and ICU nurses are directly 
involved with patient positioning, and they can early recognize who 
deserves more care. Due to the severity of the COVID-19, which required 
deep sedation and NMBA administration, physiotherapy interventions 
started on average after 11 days of mechanical ventilation. The goal of 
physiotherapists intervention was to facilitate the weaning from me-
chanical ventilation and to shorten the ICU length of stay. Besides the 

recognized benefits of a reduced ICU stay (Hashem et al., 2016), early 
ICU discharge was also one of the solutions to manage the paucity of ICU 
beds during the first pandemic wave in Italy (Grasselli et al., 2020). 

It is interesting to compare our findings with other clinical experi-
ences available worldwide. For example, patients from our ICU were 
mechanically ventilated for a median of 16 days, and the 85.1% scored 
below 3 at MMS when discharged from ICU; by the contrary, a study 
from the United Kingdom showed that only 13.6% of patients had MMS 
< 3, and these were also ventilated for a longer time (McWilliams et al., 
2021). Our clinical approach included patient extubation and a quick 
transfer to a high dependency unit right after stepping out from the most 
critical phase of the disease. Such approach was also feasible thanks to 
the cooperation between ICU nurses and physiotherapists performing 
intensive rehabilitation program. This could also explain the different 
length of stay in ICU: 17.0 (IQR 12.0–32.0) days compared to 20.0 (IQR 
15.0–27.5) days for patients from United Kingdom (McWilliams et al., 
2021). 

With regards to MMS, we found that only age and the number of days 
under NMBA administration were statistically associated to MMS score, 
which increased after ICU discharge. Long period of NMBA adminis-
tration is notably associated with a higher risk of ICU acquired weakness 
and post intensive care syndrome, which have meaningful impact on 
patient recovery (Needham and Brindley, 2012). Also, it is worth of 
noting that only in patients treated with prone positioning, days of 
mechanically ventilation were negatively correlated with MMS at hos-
pital discharge, corroborating the impact of intensive care on patients’ 
prognosis. 

Patients included in the present analysis presented with incomplete 
strength recovery at hospital discharge. As we showed, this aspect is 
influenced by age, and patients admitted to our ICU were also older 
compared to the study from United Kingdom (McWilliams et al., 2021). 
Whichever is the causative mechanism, lower muscle strength could also 
affect the overall hospital stay and the functional outcomes at hospital 
discharge, especially in patients with COVID-19 (Medrinal et al., 2021). 
The literature reports that physical complications after critical illness 
affected several ARDS survivors before pandemic. Many studies docu-
ment that a large proportion of ARDS survivors had limb muscle 
weakness at hospital discharge, associated with impairment of walking 
ability, ADL and quality of life (Chiumello et al., 2016; DiSilvio et al., 
2019; Herridge et al., 2016). 

In some patients, COVID-19 causes symptoms over weeks or months 
after the infection has gone, now defined as post-COVID-19 syndrome 
(Mahase, 2020). Disease severity, length of mechanical ventilation and 
NMBA administration are known risk factors associated with develop-
ment of this syndrome (Crook et al., 2021). For this reason, patients with 
severe COVID-19 surviving to ICU may require a throughout and 
multidisciplinary follow up (Sykes et al., 2021). As witnessed by a small 
group of patients discharged to rehabilitative facilities in our study, 
39.1% (34/87) needed longer recovery. 

Barthel index and the MMS turned to be useful tools to monitoring 
levels of functioning in COVID-19 survivors, considering the positive 
correlation found in the present study. This is supported also by another 
work that shows how MMS is positively correlated with the Barthel 
index (Mcwilliams et al., 2015). Only in the prone group, both MMS and 
Barthel index at discharge were negatively correlated with the number 
of days spent on mechanical ventilation. Future scenarios may consider 
MMS to early stratify patients to different rehabilitative needs. 

Strengths and limitations 

Our study is characterized by unique strengths. This is one of the few 
studies investigating the muscle strength of upper limbs following prone 
positioning in patients with COVID-19. Prone position-related upper 
limb muscle weakness has not been widely discussed in the literature, 
and it is therefore impossible to retrieve a real-world estimate of the 
prevalence of such sequelae. Moreover, despite we used a convenience 
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sampling, a study of this size, with a desired significance of 0.05 and a 
desired power of 0.90, can reliably detect an effect size of about 0.7 
(Cohen’s d) between proportions of patients with MMS < 3. 

However, several limitations also merit acknowledgments. Due to 
this unprecedented health emergency and elevated critical care bed 
occupancy, we screened the muscle strength using MMT, although the 
gold standard to measure muscle strength is hand-held dynamometer. It 
is also worth to be mentioned that we did not record exposure to cor-
ticosteroids, which may have a role in muscle deterioration in older 
COVID-19 survivors (Sagarra-Romero and Viñas-Barros, 2020). Also, 
neurologists were not involved in the peripheral nervous assessment of 
the upper limbs. Another important aspect is that timing of upper limbs 
postural changes is missing. These were supposed to occur every 2–4 
hours according to internal protocol but they were not recorded on a 
routine basis, making impossible to determine an association between 
muscle strengths and exposure. 

Conclusion 

Given the exceptional times during which nurses and physiothera-
pists have carried out their activities, both professionals delivered the 
best possible care, aiming to give patients the same chance to leave ICU 
at the top of their possibilities. Prone positioning was a challenge for the 
ICU staff, and the present findings show that swimmer position adopted 
during prone ventilation is not associated with worse upper limb 
strength or poor mobility level in COVID-19 survivors. 
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