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Improvements in medical care have not only led to increased survival 
rates following critical illness but also recognised the presence of new 
or worsening long-term impairments in these survivors.[1] Over the last 
decade, the focus of critical illness research has shown that physical 
function and quality of life in critical care survivors are reduced in the 
long term and many survivors do not recover to their baseline level of 
function.[2-5] Their long-term impairments are not limited to physical 
function only but include cognitive and psychological impairments 
following critical illness.[6,7] These consequences of critical illness 
in survivors are referred to as post-intensive care syndrome (PICS), 
which is defined as ‘new or worsening co-occurrence of physical 
dysfunctions, psychological disorders, cognitive impairments or failed 
social reconstruction with these impairments persisting beyond ICU 
and hospital discharge’.[8] The newly acquired disability has been shown 
to significantly impact the health of both patients and their families and 
is associated with significant direct and indirect costs.[9-11]

While the cause of the disability is multifactorial, physical dysfunction 
is one of the primary contributing factors and is considered one of the 
four domains identified in PICS.[1,8] The measurements of physical 
function as well as muscle and/or nerve function are recommended as 
core domains in critical illness research.[12] 

Published core outcome measure sets (COMS) address quality of life, 
mental health and cognitive function; however, despite Delphi processes, 
no consensus has been reached on measures of physical function.[13] 

The inclusion of activities of daily living measures has, however, been 
deemed essential in critical care research and recommendations for the 
inclusion of physical function measures were made as part of a Delphi 
consensus study on clinical effectiveness trials in nutritional/metabolic 
interventions in critical care research.[14] Agreement on COMS is 
essential to ensure standardisation across research, as well as to improve 
the outcome of survivors of critical illness.[12,15] Many critical care COMS 
studies are, however, ongoing and results still need to be published.[16] 
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The importance of patient-centred outcomes has been highlighted 
as a necessary aspect in advancing critical care research and care 
for survivors,[17] even though they are rarely used as primary outcomes 
in critical care research.[18,19] Physical functioning measurement 
instruments, especially performance-based instruments focusing on 
impairments like muscle strength testing (manual and dynamometry), 
respiratory muscle testing and pulmonary function testing, showed 
a  poor association with patient-centred outcomes in  long-term 
follow-up after critical illness.[20] However, patient-reported 
participation measurement instruments like the Incremental Activities 
of Daily Living (IADL) as well as the Functional Performance 
Inventory have shown a good association with patient-centred 
outcomes and  have been recommended for inclusion in long-term 
follow-up studies.[20] 

The heterogeneity of physical outcome measures being used in 
critical care research has been highlighted by systematic reviews. 
Parry et  al.[21] identified 33 physical outcome measures being used 
and Romero et  al.[22] identified 19 physical outcome measures 
being used in critical care research. However, the measurement 
instruments identified were mostly used in acute care, with only 
one post-hospital discharge study included in the review by Romero 
et  al.[22] and seven in the review by Parry et  al.[21] The inconsistent 
and variable use of outcome measures as well as methodological 
inconsistencies pose a challenge in determining the effectiveness 
of interventions and conducting meta-analyses of literature in 
this field.[19,23] A systematic review of measurement properties of 
outcome measures used in critical care research reported a poor to 
fair methodological quality of studies included in the review.[24] This 
reported quality was affected by inadequate sample size and failure 
to report on details of the outcome measures tested. Standardised 
objective measurement and reporting in critical illness research is 
paramount to identify deficits in the physical function domain of 
PICS. Instruments should have good validity, sensitivity to pick up a 
change in physical function longitudinally and precision to measure 
the success of interventions.

The International Classification of Function, Disability and Health 
(ICF) is a conceptual framework developed by The World Health 
Organization (WHO). The ICF classification aims to provide a 
standardised way of reporting and coding health.[25] The ICF framework 
contains three levels of functioning describing ‘disability’: body structure 
and function impairments, activity limitations and participation 
restrictions.[25,26] Critical illness significantly affects various aspects of 
functioning, and impairments have been reported on all three levels 
of the ICF following critical illness.[27] The ICF has been proposed as a 
suitable framework to guide the standardisation of outcome measures at 
different levels and stages following critical illness.[21]

Given the importance of measuring outcomes of critical illness 
and the reported heterogeneity of outcome measures used in the 
literature, this scoping review aimed to plot the available literature 
on clinical assessment measurement instruments used to report on 
the physical function of survivors of critical illness after hospital 
discharge. Measurement instruments were plotted against ICF domains 
and sub-domains to determine which aspects of physical functioning 
an instrument assesses. The longitudinal timeframes at which these 
instruments were used following hospital discharge were also identified. 
This information will assist in identifying potential gaps in the body of 
knowledge and can inform the development of consensus on the most 
suitable physical function measuring tools to be used in longitudinal 
research of survivors of critical illness.

Methods
Study design
The scoping review was conducted using the methodology detailed by 
JBI.[28] Protocol was registered on Open Science Framework, registration 
number doi.org/10.17605/OSF.IO/8KYAR. PRISMA Extension for 
Scoping Reviews was used in the reporting of results.

Research question
Which clinical assessment measurement instruments have been used in 
longitudinal studies of survivors of critical illness after hospital discharge 
to determine impairments, activity limitations and participation 
restrictions related to physical functioning?

Identification of eligible studies
An electronic database search of EBSCOhost, Web of Science and Scopus 
platforms was conducted from inception to November 2023. Included in 
the EBSCOhost platform were Academic Search Premier, Africa Wide 
Information, CINAHL, Medline and Health Source Nursing/Academic 
Edition databases. 

The search strategy used was specific for each database and the 
following keywords and MeSH terms used were: (critical illness OR ARDS 
OR sepsis OR ICU survivors OR chronic critical illness OR post-intensive 
care syndrome OR PICS) AND (physical activity OR functional ability 
OR functional capacity OR muscle strength OR muscle power OR 
cardiovascular fitness OR physical endurance OR endurance OR fitness 
OR exercise tolerance OR articular range of motion OR joint range of 
motion OR joint flexibility OR contractures OR muscle weakness OR 
muscle power OR diaphragm weakness OR inspiratory muscle weakness) 
AND (Adult) NOT (paediatric OR pediatric). 

Study selection
Two reviewers (IdP and ALS) independently applied the inclusion and 
exclusion criteria to all the citations and abstracts, which were refined 
as researchers became more familiar with the selection process. The 
inclusion criteria were: original studies (not an editorial, abstract, review 
or consensus statements) involving critically ill adults (above 18 years), 
clinical assessment measures of physical functioning and follow-up 
assessment after hospital discharge. Non-English studies, studies only 
investigating quality of life and neurological conditions as well as studies 
evaluating the psychometric properties of instruments and systematic 
reviews were excluded. Disagreements were resolved through consensus 
and/or consultation with a third reviewer (SH).

A standardised data collection form was developed, and data were 
extracted accordingly. Data included: year of publication, country, 
age of participants, type of ICU, follow-up timeframes and physical 
measurement instruments used at each follow-up timeframe. Participants’ 
age was categorised into four categories based on the mean/median 
age of participants in the included studies: 18 - 45, 46 - 55, 56 - 65 and 
66 - 85 years. If participants were followed up and assessed longitudinally 
at multiple periods in a study, each follow-up timeframe with its 
measurement instrument was included in the analysis.

Measurement instruments were further classified and coded according 
to the levels of functioning and physical domains of the ICF as follows: 
• Body structure and function: Domains include - Muscle functions, 

Functions of the respiratory system and Structures related to 
movement.

• Activity and participation: Domains include - Mobility, General tasks 
and demands, Self-Care, Domestic Life, Community and Social and 
Civic Life. 

http://doi.org/10.17605/OSF.IO/8KYAR
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Summary and reporting of 
results
A descriptive analysis of the included 
studies was performed. Categorical data 
were summarised as percentages. Charts 
and tables were produced to summarise the 
geographical distribution of studies; number 
of participants; age group of participants; 
post-discharge follow-up timeframe; type of 
ICUs and measurement instruments that were 
used at each follow-up timeframe.

Results 
The study selection process is summarised in 
Fig. 1. An initial 2 086 studies were screened 
and 80 were included in the analysis (Fig. 1). 
Most studies included multiple follow-up 
points and were completed within a year (68 - 
85%). A few studies (12 - 15%) were followed 
up beyond a year. Article characteristics are 

summarised in Table 1.

Physical function 
measurement instruments
Forty-four different measurement instruments 
were identified in this review and used at 
variable follow-up intervals. Based on the ICF 
framework (Supplemental Table  1; https://
www.samedical.org/file/2240), 11 (25%) 
instruments mainly measured body structure 
and function impairments and 33 (75%) 
measured activity/participation limitations 
and restrictions. 

Measurement instruments results are 
explained in relation to the number of 
times used (n) across all included studies 
as well as the percentage (%) in relation to 
the total impairment or activity/participation 
measurement instruments. Most studies used 
more than one measurement instrument with 

a total of 120 impairment and 117 activity/
participation instruments used across the 80 
studies.

Body structure and function 
measurement instruments
All the physical impairment level instruments 
assessed the ICF body structure and function 
domain. In this domain, muscle power 
functions were most frequently measured 
(Fig. 2). 

Manual muscle testing was used to assess 
muscle power functions in 36 studies. The 
Medical Research Council Sum Score (MRC-
SS) was used in 27 studies (22.5%), while the 
Medical Research Council Scale (MRC) was 
used in nine studies (7.5%). Dynamometry was 
used in 32 studies: 17 (14.2%) measured grip 
strength and 15 (12.5%) assessed peripheral 
muscle strength. Respiratory muscle 
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Full-text articles excluded (n=71):
No follow-up post hospital discharge (n=23)

Self-reported measures (n=20)
Measurement instruments not assessing physical functioning (n=16)

Case series (n=3)
Not published article (n=1)

Letter (n=2)
Validation study (n=1)

Non-English (n=1)
Protocol (n=1)

Review study (n=1)
Neurological conditions only (n=1)

Non-ICU participants (n=1)

Records removed before screening: 
Duplicate records removed 

(n=643)

Records excluded (n=1 292)Records screened (n=1 443)

Records identi�ed from the database search 
(N = 2 086)

Full-text articles assessed for eligibility 
(n=151)

Studies included in review 
(n=80)

Fig. 1. PRISMA flow diagram of the scoping review process. (ICU = intensive care unit).

https://www.samedical.org/file/2240
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functioning was tested using Maximal Inspiratory Pressure (MIP) in 14 
(11.7%) studies and Maximal Expiratory Pressure (MEP) in five (4.2%) 
studies. Pulmonary function testing (PFT) was used to assess respiration 
functions in 16 (13.3%) studies. The only measurement instrument used 
to assess the body structure domain was electromyography (EMG) in 
nine (7.5%) studies. Fig. 2 illustrates the main instruments used, plotted 
against the ICF.

Activity and participation domain measurement 
instruments
Various tests were used to assess physical function across multiple domains, 
including general tasks and demands, mobility, self-care, domestic life and 
community, and social and civic life domains (Supplementary Table  2; 
https://www.samedical.org/file/2240). The most frequently used activity/
participation instruments (utilised in more than 5% of studies) are 
summarised in Fig. 2.

The majority (n=22, 66.6%) of the identified 33 activity/participation 
instruments assessed only the mobility domain while the other 11 
measurement instruments assessed across two or more domains. Two 
instruments were measured across two domains (6.1%), three across 
three domains (9.1%) and five across four domains (15.2%). Only one 
instrument, the Clinical Frailty Scale, assessed physical functioning 
across all five domains of activity and participation relating to physical 
functioning.

The Six Minute Walk Test (6MWT) was the main activity/participation 
domain measurement used and was reported on in 37 (31.6%) studies. 
Other measurement instruments related to mainly the walking subdomain 
included the 4 Meter Walk Test (4MWT), Timed 10 Feet Walk Test, 10 
Meter Walk Test (10MWT), 2 Minute Step Test and the Chair sit-stand 
and walk 50 m unaided test. Accelerometry and a step counter were used 
to report on moving around in different locations.

The second most common activity/participation measurement 
instrument, used in 15 (12.8%) studies, was the Barthel Index, followed 
by the Functional Independence Measure (FIM) in nine (7.7%) and 
the Short Physical Performance Battery (SPPB) and Katz Index of 
Independence in Activities of Daily Living in seven studies each (6.0%). 
These instruments assess multiple ICF domains, except for SPPB, which 
assesses only the mobility domain.

Six (18.2%) instruments (6MWT, 2MST, Chelsea Critical Care 
Physical Assessment Tool (CPAx), Physical Function in Intensive Care 
Test (PFIT), Takahashi and Physical Activity Scale for the Elderly 
(PASE) related to activity/participation also measured components of 
the body structure and function domains.

Within the mobility domain, the Rivermead Mobility Index assessed 
the highest number of mobility subdomains (n=11), followed by the 
Berg Balance Scale (n=9) and the CPAx (n=8). These instruments 
were however only used in single studies. Fig. 2 illustrates the activity/
participation measurements used in 5% or more of the included studies.

Discussion 
In this scoping review of 80 studies from database inception, we mapped 
and analysed the available literature on measurement instruments used 
to describe physical functioning domains related to the ICF. A large 
variety of measurement instruments were identified and used at variable 
follow-up intervals. Most papers present data on the first 12 months 
after discharge. The longer-term outcome data remains limited.

Most measurement instruments assess muscle functions on body 
structure and function level, whereas activity/participation level 
instruments mostly assess the mobility domain. The MRC-SS and 6MWT 

Table 1. Characteristics of included studies
Countries Number of studies, n (%)
USA 21 (26.3)
Belgium 7 (8.8)
Canada 6 (7.5)
England 4 (5.0)
Germany 4 (5.0)
Italy 4 (5.0)
Netherlands 4 (5.0)
France 3 (3.8)
Australia 3 (3.8)
Brazil 2 (2.5)
Denmark 2 (2.5)
Slovenia 2 (2.5)
South Africa 2 (2.5)
Spain 2 (2.5)
Austria 2 (2.5)
Greece 2 (2.5)
Taiwan 2 (2.5)
Argentina 1 (1.3)
India 1 (1.3)
Finland 1 (1.3)
Iceland 1 (1.3)
Portugal 1 (1.3)
Switzerland 1 (1.3)
Wales 1 (1.3)
International 1 (1.3)
Participant age group category 
per article (years) n (%)
18 - 45 5 (6.3)
46 - 55 21 (26.3)
56 - 65 42 (52.5)
66 - 85 10 (12.5)
Unknown 2 (2.5)
Year of publication n (%)
1995 - 2000 3 (3.8)
2001 - 2005 4 (5.0)
2006 - 2010 6 (7.5)
2011 - 2015 13 (16.3)
2016 - 2020 22 (27.5)
2021 - 2023 32 (40.0)
Final longitudinal follow-up timeframe 
following hospital discharge (months) n (%)
1 4 (5.0)
2 5 (6.3)
3 11 (13.8)
6 20 (25.0)
12 28 (35.0)
13 - 24 3 (3.8)
25 - 36 1 (1.3)
37 - 48 2 (2.5)
>49 5 (6.3)
Not mentioned 1 (1.3)
Type of ICU n (%)
Unknown 45 (56.3)
Multiple* 14 (17.5)
Medical 7 (8.8)
Mixed** 5 (6.3)
General 4 (5)
Surgical 3 (3.8)
Cardiac 1 (1.3)
COVID 1 (1.3)
*Multiple ICU refers to more than one type of ICU included in the same study. 
** Mixed ICU refers to a variety of conditions within the same unit.

https://www.samedical.org/file/2240
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were the most frequently used body function 
and activity/participation instruments of the 
ICF, respectively.

Muscle power functions were measured by a 
wide range of measures, including MRC, MRC-
SS, peripheral and grip strength dynamometry. 
These measurement instruments are all used 
for limb muscle power assessment and no 
studies assessed trunk muscle power, even 
though all skeletal muscles are affected by 
critical illness myopathy.[29,30] The importance of 
standardised testing procedures and positions 
in voluntary muscle power assessment has also 
been highlighted.[31]

The wide use of the MRC-SS for manual 
muscle testing supports findings by Parry,[21] 
who also reported its common usage in post-
critical illness muscle testing; despite the 
ceiling effect, it has been proven sensitive in 
diagnosing ICU-acquired weakness.[31] This 
measure reports good inter-rater reliability 
in the overall score but varies in reliability for 
individual muscle testing.[21,31]

Consensus, however, has not been reached 
in a Delphi study on the importance of using 

the MRC-SS post-hospital discharge.[32] 
Dynamometry has proven to be an effective 
strength measurement tool that can be 
used to assess muscle power over time with 
good sensitivity,[33] and is recommended as 
a physical measure for long-term follow-up 
studies.[14,32,34] The heterogeneity of measures 
used prevents the synthesis of data to 
determine intervention efficacy and conduct 
meta-analyses.

The use of any body structure and function 
measurement instruments in long-term 
follow-up studies remains debatable as poor 
associations have been found with patient-
centred outcomes.[20]

Most studies used the 6MWT as activity 
level and mobility domain measurement. Chan 
et  al.,[35] demonstrated that the 6MWT had 
good psychometric properties was validated 
for use in the ICU and can be recommended as 
a physical activity measurement.[14,20,32,36] Even 
though the 4MWT has been recommended 
as a valid, responsive measure of physical 
function in ARDS survivors,[37] it was only 
used in one study. The wide range of other 

walking domain tests used again highlights the 
challenge of consistency and variations in the 
reporting of findings.

The Barthel Index, SPPB, FIM and 
Katz Index were the activity/participation 
measurement instruments reporting mostly 
on function in multiple ICF domains. Two 
recent Delphi studies recommended the 
use of these measurement instruments.[14,32] 
Participation measurement instruments 
have also been found to be better associated 
with health-related quality of life, which is 
an important patient-centred outcome and is 
recommended in long-term follow-up studies.
[20] A limited number of studies in this scoping 
review utilised these measures to indicate the 
participation restrictions of survivors of critical 
illness, which emphasises the gap in this area 
of the literature. Some studies also utilised 
measurement instruments like the PFIT 
and CPAx, though their utility beyond ICU 
discharge is unclear, given the ceiling effects of 
these tools.

From the ICF coding of measurement tools 
used in the included studies, it was highlighted 
that only the Clinical Frailty Scale assessed all 
five activity/participation domains relating to 
physical functioning. The assessment of activity 
limitations and participation restrictions 
across multiple domains is important in long-
term follow-up studies to determine multi-
dimensional long-term complications and 
community reintegration.

Even though this scoping review focussed 
on the long-term physical measurement 
instruments following critical illness, most of 
the studies were conducted up to 12 months 
post-hospital discharge (medium term), with 
a rapid decrease in measurements used at 
follow-up timeframes of more than 12 months 
following hospital discharge. There were no 
published studies with follow-up timeframes 
of more than 60 months (five years) post-
discharge even though persistent physical 
problems and associated reduced quality of life 
have been reported up to five years following 
critical illness.[38-42] To understand the true 
long-term physical effects of critical illness and 
to guide effective management, more objective 
outcomes-based studies are needed extending 
beyond one-year post-critical illness.

Our results indicated that most of the 
studies conducted were from high-income 
developed countries like the USA, with 
limited literature from middle to low-income 
countries. This could be a result of the 
search strategy using specific databases and 
excluding non-English studies. The results 
could, however, also highlight an important 
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gap in the available evidence that future research is needed globally to 
address this limitation.

Most earlier studies focused on body structure and function 
measurement instruments, with more recent studies focusing on a 
combination of body structure/function and activity/participation. 
This could have been influenced by the recognition of the long-term 
complications of severe acute respiratory syndrome (SARS), which 
originated in 2002,[43] and the more recent acknowledgement and 
creation of the concept of PICS in 2010.[1] The number of studies 
has increased significantly over the last five years, highlighting the 
expansion of critical care literature to acknowledge and include the long-
term effects, complications and management of critical care survivors. 

Further research is, however, needed to determine the psychometric 
properties of physical measurement instruments in an ICU environment 
to assist in the development of a COMS[12,15,44] to improve comparison of 
findings and effectiveness of interventions. 

This scoping review might be limited in the fact that it only included 
English studies. Self-reported, quality of life, qualitative measurement 
instruments and telephonic self-reported measurement instruments, 
though very valuable to the body of critical illness literature, were not 
included in this scoping review.

Conclusion
Multiple tools are used to report on physical functional deficits experienced 
by survivors of critical illness. The tools measure either body structure and 
function impairments or activity/participation limitations. Current data 
suggest that most studies only report on physical function within the 
first year of survival. Clinicians and researchers can use the instruments 
reported in this manuscript to inform their use of physical function 
measures across multiple physical functioning domains. Moving forward 
the validity, predictive value and sensitivity of the reported measures 
within ICU survivors need to be established. Only then can intervention 
studies be designed to measure effectiveness.
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