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Background: The severity of muscle weakness after critical illness is very heterogeneous. To identify those patients who may maximally benefit from early exercises would be highly valuable. This implies an assessment of physical capacities, comprised at least of strength measurement and functional tests. Objectives: The objective of this study was to investigate the relationship between muscle strength and functional tests in an intensive care unit (ICU) setting.
Methods: Adults with ICU length of stay 2 days were included. Handgrip strength (HG) and maximal isometric quadriceps strength (QS) were assessed using standardised protocols as soon as patients were alert and able to obey commands. At the same time, their maximal level of mobilisation capabilities and their autonomy were assessed using ICU Mobility Scale (ICU-MS) and Barthel Index, respectively. Results: Ninety-three patients with a median age of 64 [57e71.5] years, body mass index of 26.4 [23.4 e29.6] kg/m2, and Simplified Acute Physiology Score II of 33 [27.7e41] were included. Absolute and relative QS were, respectively, 146.7 [108.5e196.6] N and 1.87 [1.43e2.51] N/kg. HG was 22 [16e31] kg. The ICU-MS score was 4 [1e5]. A significant positive correlation was observed between HG and absolute QS (rs ¼ 0.695, p < 0.001) and between HG and relative QS (rs ¼ 0.428, p < 0.001). The ICU-MS score correlated with HG, with a weak positive relationship (rs ¼ 0.215, p ¼ 0.039), but not with QS. The ICUMS score did not statistically differ between the weakest and strongest patients for absolute or relative QS, but was lower in patients with the lowest HG values (p ¼ 0.01). A weak positive correlation was observed between the Barthel Index and muscle strengths (maximum rs ¼ 0.414, p < 0.001).
Conclusions: The present results suggest that, during ICU stay, there is no strong association between muscle strength and functional test such as the ICU-MS or Barthel Index. Muscle dynamometry and functional tests are probably complementary tools for physical capacities quantification.
© 2021 Australian College of Critical Care Nurses Ltd. Published by Elsevier Ltd. All rights reserved.

1. Introduction
Muscle weakness is recognised as a major complication of critical illness and stay in an intensive care unit (ICU). This acquired neuromuscular dysfunction is labelled “ICU-acquired weakness” (ICU-AW) and can lead to prolonged ICU and hospital length of stay (LOS).1 It is also associated with long-term physical impairments, subsequently reducing the autonomy and the quality of life of ICU survivors.2 Economic consequences can be significant for patients
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and their families, as well as implications for society in terms of increased healthcare utilisation.3 Yet, persistent ICU-AW is a key feature of the posteintensive care syndrome.4 The problem is frequent: ICU-AW is detected in 25e70% of patients, according to the timing of evaluation, the studied population, and the diagnostic tool used.2,5
Clinical phenotype and severity of ICU-AW can be very heterogeneous. In a recent study, we confirmed the high variability of quadriceps strength between ICU patients.6 This reinforces the concept “one size does not fit all” and assumes a need for individualised and tailored strategies of rehabilitation. In this context, it would be highly valuable to identify those patients who may maximally benefit from early mobilisation and rehabilitation.7 This implies an assessment of physical capacity.
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In daily clinical practice, physical capacity in the ICU can be assessed using two different approaches: an analytic approach assessing strength of key muscles groups and a global approach assessing physical function. Both approaches require the patient to be alert but help quantifying the patient's physical capacities in real time. Muscle strength measurement by dynamometry is an objective and quantitative alternative to the manual testing using the Medical Research Council (MRC) Scale, still considered as the gold standard for ICU-AW diagnosis.8 Handgrip strength has been thought to represent global muscle strength and to predict some outcomes of ICU patients.9 Cut-off scores for ICU-AW diagnosis have been described for men and women.5,10 From another point of view, quadriceps is essential for standing, sitting, and walking: considering quadriceps strength as a relevant parameter thus does make sense. Recently, we described the quadriceps strength of ICU patients using a novel and reliable method of quadriceps strength measurement.6,11 These both noninvasive measures can be performed at bedside with a high reliability.1 In ICU context, feasibility of functional assessment is often limited owing to issues related to the patient (motivation, weakness, fatigability, pain, organ support) or organisation (human resources). A number of instruments are available, from scales to physical performance test.12 The ICU Mobility Scale (ICU-MS) was developed for use in the ICU to standardise the recording of a patient's highest level of mobility.13 Lower values have been associated with lower MRC Scale scores and ICU-AW at discharge.14 The Barthel Index of activities of daily living (ADLs) is commonly used to measure functional status and dependency.15
To date, there are only a few reports addressing muscle strength in the critically ill patients with the purpose of guiding their physical activities.16 A positive relationship between muscle strength and physical capacities has been observed for years in elderly patients17 or in patients with Parkinson disease,18 for example. However, it is not clear if such conclusion can be drawn in ICU patients. Furthermore, it would be interesting to specify the interest of muscle strength and physical performance scales for physical capacities assessment during ICU stay. The present study aimed to investigate the relationship between handgrip strength, quadriceps strength, ICU-MS, and level of autonomy.
2. Methods
This observational study was conducted in 2018 and 2019 in a tertiary hospital after approval by the local ethics committee of our university hospital (Chairperson: Vincent Seutin, National Ref B707201732960, Local Ref 2017/178, 1st August 2017). Informed consent was obtained from the patients or their relatives before enrolment.
2.1. Participants
Patients who spent a minimum of 48 h in the ICU were enrolled. Exclusion criteria were as follows: a score >1 or < 1 on the Richmond AgitationeSedation Scale; coma; total hip or knee arthroplasty in the dominant limb; trauma in the dominant arm or leg; open wound located at the ankle's anterior face of the dominant leg; a documented history of neurological, neuromuscular, or muscular wasting diseases; spinal injury or hemiplegia; or refusal. One patient could not be included twice in the study, such as if readmitted later in the ICU.
During ICU stay, all patients with critical illness benefited from local standard care procedures. Nutrition was administered by oral, enteral, or parenteral routes according to the patient's status, aiming to obtain daily intakes of 20e25 kcal/kg and 1.2e1.3 g of proteins/kg. Continuous intravenous insulin was administered to maintain blood glucose level between 0.8 and 1.8 g/l. All patients had two physiotherapy sessions a day, during working days. They benefited from an early mobilisation strategy, including passive or active cycling, passive or active range of motion, sitting out of bed, transfers, ambulation, and other mobilisation techniques, as appropriate according to the level of consciousness.19
2.2. Procedure
Patients with critical illness still in the ICU on day 3 after admission were systematically and daily assessed for awakening based on their responses to orders (“Open or close your eyes”, “Look at me”, “Open your mouth and put out your tongue”). They were tested for muscle strength as soon as they were able to understand the instructions and obey. At the same time, the ICU-MS score and Barthel Index were noted.
2.3. Muscle strength testing
Peripheral muscle strength was determined by using handgrip and quadriceps dynamometry. Handgrip strength was assessed using a Jamar hydraulic hand dynamometer (Sammons Preston, IL, USA). Measurements were performed in a sitting position, with the elbow in 90 flexion. The protocol consisted of three consecutive maximal contractions for each muscle group, preceded by three warm-up trials. Observers provided standardised encouragement. The three measurements were performed with 30-s intervals between contractions. Patients were asked to gradually increase their muscle force to a maximum effort which had to be sustained for 6 s. The highest performance was considered for analysis. Grip strength varies with age and sex: strength 25 kg in men aged 60 years and 23 kg in men aged between 61 and 79 years or strength 14 kg in women aged 60 years and 13 kg in women aged between 61 and 79 years were considered normal.20 Maximal isometric quadriceps strength was measured using a MicroFET2 handheld dynamometer (Hoggan Industries, Inc., West Jordan, UT, USA), with the patient lying on supine position. The highly standardised testing protocol is detailed in a previously published validation study.11 Magnitude of the values that can be observed in healthy and critically ill patients is described elsewhere:6 median reported quadriceps strength was around 370 N and 210 N, respectively, and strength can range from 50 N in the weakest patients to more than 500 N in the strongest subjects. To reduce interindividual variability and minimise the effect of subject weight on muscle strength, absolute strength was normalised according to the actual body weight (relative strength expressed in N/kg).
2.4. Functional tests
The ICU-MS is a scale with scores ranging from 0 (lying in bed) to 10 (walking independently) measuring mobilisation capabilities.21 The Barthel Index measures the dependency for ADLs and consists of the following 10 subheadings: feeding, bathing, grooming, dressing, bladder control, bowel control, toilet use, chairebed transfer, mobility, and stair climbing.15 Scoring ranges from 0 to 100: a score of 100 was defined as being capable of ADL complete self-care.
2.5. Other descriptive data
Age (years), gender, weight (kg), height (cm), and body mass index (kg/m2) were recorded. Physical activity status before admission was also characterised according to the patient's selfreport: patients who reported recreational physical activity or sports activity for four or more hours per week were considered
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physically active, whereas patients who did not achieve this were considered physically inactive. Severity of clinical condition was scored using the Simplified Acute Physiology Score II (SAPS II).
2.6. Statistical analyses
Given the descriptive setting, no a priori sample size was calculated. Statistical analysis was performed using Graphpad Prism (version 9.0 for Mac OSX, Graphpad Inc., San Diego, CA, USA) and SAS (version 9.4 for Windows, SAS Institute, Cary, NC, USA). Normality was assessed using the ShapiroeWilk test. Characteristics of patients were described as median (interquartile range) or count (percent) for quantitative and qualitative variables, respectively. Correlation between parameters was assessed using nonparametric Spearman test. Ninety-five percent confident intervals (95% CIs) for the correlation coefficient were also mentioned. Each studied parameter of muscle strength (grip strength, absolute and relative quadriceps strength) was categorised into three categories according to the tertiles: the ICU-MS score in the 33% weakest patients was compared with the 33% strongest patients, using the KruskaleWallis test. Ninety-five percent CIs for the median differences between the two extreme categories were calculated using the HodgeseLehmann estimate of location shift for two-sample data. A p value < 0.05 was considered statistically significant.
3. Results
During a 35-weeks period in 2018 and 2019, 949 patients had an ICU LOS >48 h. A number of patients could not be assessed owing to exclusion criteria, patient or medical staff refusal, and organisational constraints. Finally, 93 patients met the inclusion criteria and were analysed. Descriptive characteristics of the included patients are detailed in Table 1. Their muscle strength and functional tests are described in Table 2.
A significant positive correlation was observed between grip strength and absolute quadriceps strength (rs ¼ 0.695, 95% CI ¼ 0.57e0.79, p < 0.001). The positive correlation between grip strength and relative quadriceps strength was weaker but
Table 1 Demographics.
	Data
	
	n ¼ 93

	Age, y
	
	64 [57e71,5]

	Male, n (%)
	
	60 (64.5)

	Weight, kg
	
	78.6 [65.1e90]

	Height, cm
	
	170.5 [162.5e180]

	BMI, kg/m2
	
	26.4 [23.4e29.6]

	Comorbidity, n (%)
	Cardiac
	69 (74.2)

	
	Alcohol addiction
	26 (28)

	
	Respiratory
	23 (24.7)

	
	Diabetes
	20 (21.5)

	
	Malignancy
	20 (21.5)

	
	Chronic kidney disease
	17 (18.3)

	
	Organ transplantation
	3 (3.2)

	
	Liver cirrhosis
	2 (2.1)

	Physically inactive before ICU, n (%)
	62 (66.7)

	Barthel Index before ICU
	100 [95e100]

	Admission type, n (%)	Medical
	24 (25.8)

	Surgical
	69 (74.2)

	SAPS II
	33 [28e41]

	Mechanical ventilation, n (%)
	25 (26.9)

	Duration of mechanical ventilation, d
	5 [2.2e11.5]

	Renal replacement therapy, n (%)
	5 (15.6)

	ICU LOS, d
	6 [3e10.7]


BMI, body mass index; ICU, intensive care unit, LOS, length of stay; SAPS II, Simplified Acute Physiology Score II.
Table 2
Muscle strength and physical function.
	Data
	n ¼ 93

	Handgrip (kg)
	22 [16e31]

	Absolute QS (N)
	146.7 [108.5e196.6]

	Relative QS (N/kg)
	1.87 [1.43e2.51]

	ICU-MS
	4 [1e5]

	Barthel Index
	30 [20e35]


ICU-MS, ICU Mobility Scale; QS, quadriceps strength.
significant (rs ¼ 0.428, 95% CI ¼ 0.24e0.58, p < 0.001). There was a weak positive correlation between the Barthel Index and the three muscle strength parameters (maximum rs ¼ 0.414, p < 0.001). On the contrary, the ICU-MS only correlated with grip strength, with a
very weak positive relationship (rs ¼ 0.215, p ¼ 0.039). Neither absolute nor relative quadriceps strength was correlated with the ICU-MS: rs ¼ 0.07 (95% CI ¼ -0.140 e 0.274, p ¼ 0.513) or rs ¼ 0.092 (95% CI ¼ -0.120 e 0.295, p ¼ 0.395), respectively. The main correlations between strength and functional outcomes are illustrated in Fig. 1.
Patients with grip strength 18 kg (first tertile) had a significantly lower ICU-MS than the strongest patients with grip strength 29 kg (third tertile), (2 [1e5] versus 5 [2e8], respectively, 95% CI ¼ -2 [3 e 0], p ¼ 0.01). On the contrary, the ICU-MS did not statistically differ between the weakest and strongest patients for absolute or relative quadriceps strength: 95% CI ¼ 0 (3 e 0), p ¼ 0.38 and 95% CI ¼ 0 (2 e 1), p ¼ 0.99, respectively.
4. Discussion
In this exploratory study, we confirmed a correlation between handgrip strength and quadriceps strength. However, there was no strong association between the maximal level of mobility at the ICU-MS and grip strength or, even less, quadriceps strength. This observation is in contrast with some findings showing a moderate correlation between the ICU-MS and muscle strength assessed using the MRC Scale.13 In other ICU patients, quadriceps strength has been related to limb or physical function.22,23 However, in those studies, physical capacity was assessed using more complex tests than the ICU-MS, such as a walking test or the “Time Up and Go” test. In the present study, the median highest level of mobility was quite low: patients were able to do weight-bearing through the feet in the standing position, with or without assistance (corresponding to level four on the ICU-MS). It is thus possible that the ICU-MS focuses on physical performances that are not enough complex to require a full action of quadriceps muscle. Moreover, many barriers can delay out-of-bed mobilisations and walking activities (levels six or higher on the ICU-MS),24 so that the best actual highest level of mobility may be drastically but artificially underevaluated during ICU stay. Finally, muscle strength measurement explores the maximal capacities of a patient at a specific time point, whereas the ICU-MS characterises the physical status of the patient without investigating his/her physical resources.
There was no strong association between the autonomy and muscle strength. Assessment of the dependency in the ICU setting is challenging. The Barthel Index is preferentially used after ICU discharge.8 However, self-care and exercises (such as transfers, ambulation outside the room, or even climbing training stairs) are increasingly promoted early during the ICU trajectory, and it is thus relevant to quantify the level of dependency during the ICU stay.
The link between quadriceps strength and function may not be so obvious in an ICU setting. First, physical function requires much more muscles than the quadriceps. Quadriceps strength alone may not be representative of global strength in the leg, even more if
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Fig. 1. Correlations between grip strength and absolute (A) or relative (B) quadriceps strength, between ICU-MS and grip strength (C) or absolute quadriceps strength (D), and between the Barthel Index and grip strength (E) or absolute quadriceps strength (F). CI, confidence interval; ICU-MS, ICU Mobility Scale.


strength is assessed using isometric contraction. Second, other parameters, such as pain, fatigue, or dizziness, may limit physical capacity, even without muscle weakness. This could reduce global physical performances, without affecting a one-time strength measurement.
Given the lack of a strong relationship between muscle strength and physical function, these both tests should probably be considered as complementary approaches of physical capacities at a given moment. The same muscle dynamometry can be used throughout the trajectory from the ICU to recovery: results can be
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compared, and progress can be estimated. On the contrary, the way to assess physical capacity will change according to the timing of evaluation. In other words, it will not be possible to use the same test from ICU discharge to full recovery stage. Moreover, unlike dynamometry, many available function tests are characterised by a ceiling effect, limiting the possibilities to highlight improvements at the highest levels.12
To the best of our knowledge, this pilot study was the first to explore the relationship between dynamometry results and functional tests in critically ill patients. Standardised tests were used, strengthening the present results. The calculated 95% CI confirmed that the study was sufficiently powered to detect potential associations of interest. Some limitations need to be acknowledged: organisational constraints limited the number of included patients, and most of them were admitted to the ICU after cardiac surgery. However, they were considered as critically ill patients (and not as posteanaesthesia care unit patients), as proven by their ICU severity score. Future research should investigate if muscle strength (specially quadriceps dynamometry) measured at ICU discharge would be associated with the level of physical capacities at hospital discharge or at short term after discharge. This should help anticipating and individualising the needs in rehabilitation. This work is currently ongoing in our post-ICU follow-up clinic.
5. Conclusion
The present results suggest that, during ICU stay, there is no strong association between muscle strength and functional test such as the ICU-MS or Barthel index. Muscle dynamometry and functional tests are probably complementary tools for physical capacities quantification. Consent for publication Not applicable.
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