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ABSTRACT: Prolonged immobilization and bed rest in critically ill patients leads to loss of 
physical functional ability. Therefore, assessment of physical functional ability during intensive 
care unit (ICU) stay and at discharge plays a central role in planning early intervention and insti-
tuting rehabilitation measures to improve physical function outcomes. Various scales have been 
developed, modified, and applied to assess functional ability, impairments, and disabilities in ICU 
patients. The selection of the most appropriate assessment scale depends on the specific patient 
population, the diagnosis, the phase of rehabilitation and the psychometric properties of the mea-
surement tool. This narrative review aims to describe the various physical function assessment 
tools applicable to patients in the ICU, to determine the psychometric evidence for reliability and 
validity, and to summarize the strengths and weaknesses of each of these scales in order to enable 
clinicians to make an informed choice while selecting outcome variables during rehabilitation of 
patients in the critical care unit.
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ABBREVIATIONS: BADL, basic activities of daily living; BI, Barthel index; CPAx, Chelsea critical 
care physical assessment tool; DRS, disability rating scale; FIM, functional independence measure; FSS-
ICU, functional status score–ICU; GOS, glasgow outcome scale; ICU, intensive care unit; KPS, Karnof-
sky performance scale; MBI, modified Barthel index; MDC, minimal detectable change; mRS, modified 
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I. INTRODUCTION

Physical function is the ability to carry out various activities that require physical ca-
pability and is the key to healthy functioning of the body. It ranges from self-care to 
more vigorous activities requiring higher degrees of mobility, strength, or endurance.1,2 
Patients with critical illness are exposed to prolonged bed rest and immobilization lead-
ing to decreased physical activity and loss of functional abilities, which results in de-
cline or dysfunction of organ systems.1 Continuous intensive or invasive monitoring; 
support of airways, breathing, or circulation; stabilization of acute or life-threatening 
medical problems; comprehensive management of injury and/or illness; and maximiza-
tion of comfort for patients admitted in intensive care units (ICUs) confines patients to 
their beds and decreases physical activity.3

Considerable functional disabilities in activities of daily living is seen in patients 
post ICU-discharge.4 Reduced physical activity and functional ability is a significant 
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problem in ICU survivors.5 Therefore, assessment of physical function during ICU stay 
is valuable in gaining perspective on current functional status and to further plan appro-
priate treatment of the individual. Functional limitations of ICU survivors often remain 
unassessed. Hence, measuring physical functioning early and longitudinally in the ICU 
is important to determine patients at risk of poor physical outcomes, monitor interven-
tion efficacy, and inform recovery trajectories. These insights are important to improve 
the outcomes of critically ill patients.6

Several scales have been used to assess functional ability, impairment, and dis-
ability in ICU patients. Functional scales in ICU have been administered mainly for 
evaluation of patient physical activity at ICU admission and during ICU stay. The 
choice of most appropriate assessment scale depends on the specific patient popula-
tion, the diagnosis and rehabilitation phase, and the psychometric properties of avail-
able measurements. Selecting an appropriate functional assessment outcome measure 
is crucial for evaluation, goal setting, and administration of the best possible rehabili-
tation measures. The aim of the current narrative review is to describe the commonly 
used tools for measuring physical function in patients admitted to the ICU along with 
the psychometric properties of the scales and their applicability in various patient 
groups.

II. METHODOLOGY

A literature search was performed using PubMed, Google Scholar, Cochrane Library, 
and Science Direct. Among the 495 titles/abstracts identified using the key words 
“physical function,” “functional ability,” “disability,” “impairment,” “scales,” “as-
sessment,” “intensive care unit,” “critical-illness” with Boolean operators “AND” and 
“OR;” 64 full text articles were examined and evaluated for inclusion. Reference lists 
of relevant articles were examined to identify additional eligible studies. Preferred 
reporting items for systematic reviews and meta-analyses (PRISMA) guidance was 
used.

A. Inclusion Criteria

Full-text articles published in English, reviews and randomized control trials utiliz-
ing these scales, and articles reporting the psychometric properties of the physi-
cal function scales applicable to patients with critical illness were included in this 
review.

B. Exclusion Criteria

Articles published in languages other than English, studies on neonatal and pediatric 
populations, studies not reporting description or psychometric properties of the mea-
surement tools and studies reporting health-related quality of life, mental health, and 
aspects other than physical function were excluded.
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III. RESULTS

Sixteen scales were identified through the literature review. A brief summary of each 
scale, domains of function evaluated by the scale, scoring system, and psychometric 
properties of each scale is provided to enable clinicians to make an informed choice 
while selecting measurement tools for evaluation of physical function in the ICU.

A. Glasgow Outcome Scale

Optimal arousal and adequate neurological function is mandatory to perform physi-
cal activities. The glasgow outcome scale (GOS), first published by Jennett and Bond 
in 1975, provides a global assessment of function, has been consistently used in 
ICU settings, and is highly cited in studies on brain injury. A GOS score of 1 = good 
recovery, 2 = moderate disability, 3 = severe disability, 4 = persistent vegetative 
state, and 5 = death. The range of outcomes includes minimal or no disability (GOS 
1), moderate disability (GOS 2), and severe disability (GOS 3 or 4).7,8,9 McMillan 
et al. charted the development, refinement, and application of GOS. Other versions 
of the original GOS are the glasgow outcome scale-extended (GOS-E), the glasgow 
outcome at discharge scale (GODS), and the GOS pediatric revision.9 Wier et al. 
reported higher sensitivity of GOS-E than GOS.10 Excellent inter-rater reliability k 
= 0.95 was reported by the developers of GOS, while other studies involving trained 
raters with direct or simultaneous contact with patients reported low inter-rater reli-
ability k = 0.76.11

B. Richmond Agitation-Sedation Scale

Patients in the ICU often demonstrate altered neurological status with agitation and 
require sedation in order to ensure synchrony between the ventilators and patient and 
comfort with artificial intubation. However, prolonged sedation can substantially im-
pact the length of ICU stay and related complications. The richmond agitation-seda-
tion scale (RASS) was developed by critical care physicians, nurses, and pharmacists 
with an objective of enhancing communication between care givers and optimizing 
rehabilitation. The RASS is a 10-point scale ranging from +4 to −5, where +4 denotes 
a combative stage; +2/3, agitation; +1, restlessness; and 0, alert and calm; −1 denotes 
drowsy; and −5, unarousable of sedation. Sessler et al. tested the reliability and va-
lidity of the RASS in adult critically ill patients. Excellent inter-rater reliability (r = 
0.922–0.983) is reported in ventilated and nonventilated patients with medical and 
surgical conditions.12

C. Barthel Index

The Barthel Index (BI) was developed by Mahoney and Barthel in 1955. It scores the 
ability of a patient to perform 10 basic self-care activities of daily living. Periodical 
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reassessment can be performed to assess the progress of physical activity status. 
Items include self-care activities like feeding, grooming, bathing, dressing, bowel 
and bladder care and toileting, and mobility activities such as ambulation, wheelchair 
transfers, and stair climbing. The scale gives a measurable estimation of the patient’s 
level of independence with scoring from 0 (totally dependent) to 100 (totally inde-
pendent). A score of 100 indicates that the patient is able to feed, dress, bathe, walk, 
and ascend and descend stairs independently. The BI classifies the patients as having 
minimal or no disability (BI score > 90), moderate disability (BI = 55–90), or severe 
disability (BI score < 55).13 Statistically high significance in coefficients of concor-
dance between the four different methods of BI rating have been reported (Kendall’s 
coefficient of concordance W = 0.93; p < 0.001). Internal consistency of BI was 
found to be 0.87.14

D. Modified Barthel Index

Barthel Index was considered a standard measure of ADLs until Shah et al. in 1989 re-
ported that BI sensitivity can be improved by variations in scoring of each ADL in the 
scale. The updated BI is known as the Modified Barthel Index (MBI). The items of the 
scale remain the same, whereas the scoring of each ADL is expanded to include more 
categories to record each item. A score of 0 indicates total dependence while 100 indi-
cates complete independence. The MBI also serves as a predictor of hospital discharge. 
A score < 40 indicates unlikely chances of discharge and a score > 85 indicates early 
discharge. The MBI is reported to have greater sensitivity, improved reliability, and 
excellent test-retest reliability compared to the original BI. The ICC of the MBI was 
reported to be 0.94, indicating high test-retest reliability. The MDC (minimal detectable 
change) of the MBI was 19% indicating that MBI scores are less affected by random 
measurement errors.15,16

E. Functional Independence Measure

The functional independence measure (FIM) was developed in 1983 by a task force 
created by the American Congress of Rehabilitation Medicine and the American 
Academy of Physical Medicine and Rehabilitation and headed by Carl Granger and 
Byron Hamilton.17 It is a widely used functional evaluation tool for assessing patients’ 
basic functional activities and their progress during their ICU stay and in-patient re-
habilitation. It includes two separate domains: the motor domain consists of 13 items 
and the cognitive domain consists of 5 items. The FIM is a multidimensional measure 
assessing self-care, sphincter control, transfers, locomotion, communication, and social 
cognition. FIM scores range from 1 to 7:7 indicates complete independence, while 1 
indicates total assistance. The sum of all components generates a total score between 
18 (complete dependence) and 126 (complete independence). The precision, inter-rater 
reliability, and validity of FIM have been well established at rehabilitation discharge 
and particularly at one-year post injury. Ceiling effects of the FIM have been studied in 
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patients with moderate and severely neurological impairment. Previous studies indicate 
that FIM scores are associated with mortality in critically ill elderly patients and diffi-
culty in weaning from a mechanical ventilator.18,19

F. Functional Status Score–ICU

The FSS-ICU is an ordinal scale used for in-patient rehabilitation in the ICU. It consists 
of three preambulation categories: rolling, supine-to-sit transfers, and unsupported sit-
ting; and two ambulation categories: sit-to-stand transfers and ambulation. Each cat-
egory is rated using score values from 1 (total dependent assistance) to 7 (complete 
independence) and total scores range 0–35. If a patient is unable to perform a task due to 
physical limitations or medical status, a score of 0 is assigned. The reliability and valid-
ity of the FSS-ICU had not been reported20 until Huang et al. conducted a clinimetric 
analysis and concluded that it has good internal consistency and is a valid and respon-
sive measure of physical function.21

G. 4P Questionnaire

The 4P questionnaire was named after its major content: patients, physical, psychoso-
cial, and problems. This questionnaire was developed by Eva Akerman et al. in 2008 
to assess ICU patients’ physical and psychosocial problems after ICU discharge, and 
to recognize the need for follow-up.22 It evaluates physical and psychosocial problems 
following ICU recovery and includes 53 items: 16 physical, 26 psychosocial, and 11 fol-
low-up. The items are scored on a 5-point Likert scale from “strongly agree” to “do not 
agree at all.” There is also a “not relevant” option. The questionnaire shows good con-
struct validity in all three sets and has strong factor loadings for all three sets. Internal 
consistency (Cronbach’s α for physical problems = 0.75, psychosocial problems = 0.81, 
follow-up = 0.91) has been shown to have reliable indices and good stability reliability 
on retesting for the physical and psychosocial factors.23

H. Physical Function ICU Test

The physical function ICU test (PFIT) is a reliable outcome measure developed for 
critically ill patients who may be unable to get out of bed. The four test domains are as-
sistance required to perform sit-to-stand transfers, strength of shoulder flexion, strength 
of knee extension, and marching in place. The assistance required to stand is rated from 
0 (no physical assistance required) to 3 (assistance of three people required). Strength 
for shoulder flexion and knee extension is rated on the Oxford Muscle Test Scale. For 
marching in place, the examiner records the number of steps taken and the time required 
to complete them. The PFIT has demonstrated reliability and good responsiveness to 
change.24 Denehy et al. conducted a nested cohort study to test the clinimetric properties 
of PFIT. Their observations indicate that scoring of sit-to-stand assistance is subjective, 
and cadence cut-points used may not be generalizable to a large population.25
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I. �Karnofsky Performance Scale Index (Karnofsky Status Scale/Karnofsky 
Index/Karnofsky Score)

The Karnofsky Index is a highly recommended outcome measure for scoring ICU pa-
tients and emphasizes physical performance and dependency to indicate the patient’s 
functional status. It is a descriptive, ordinal scale that ranges from 100 (good health) to 0 
(dead). A Karnofsky Index of 70–100 is generally considered a favorable functional out-
come measure. This measurement tool is well-established with proven validity and reli-
ability for the assessment of independent functioning in critically ill patients.26 Grieco 
et al. investigated the Karnofsky Performance Scale (KPS) as a measure of quality of 
life, reporting it as a reliable and valid global measure although it does not sufficiently 
capture the quality-of-life domain.27 Nikoletti et al.28 reported the use of KPS as a gold 
standard for quantifying physical function in cancer patients. A comparative study of 
KPS and its modified version Throne-KPS (T-KPS) suggested that T-KPS may be a 
more objective and sensitive measure of physical function in cancer patients residing in 
terminal care facilities. T-KPS avoids reference to the location of care. The middle and 
lower levels of T-KPS are modified such that they provide clinically relevant change in 
function as compared to KPS.28 A study undertaken by Carlos et al. to identify quality-
of-life predictors in Brazilian women undergoing palliative care reported that lower 
KPS scores were closely related to reduced quality of life.29 Recently, Nagihan et al. 
evaluated the reliability and validity of KPS and found a strong positive correlation (r 
= 0.895) between KPS and Katz ADL and a strong negative correlation (r = −0.894).30

J. Modified Rankin Scale

Rather than performance of specific tasks, the modified rankin scale (mRS) quantifies 
independence and disability. The scale consists of 6 grades from 0 to 5 as follows: 0 = 
no symptoms; 1 = no significant disability despite symptoms; 2 = slight disability, with 
the subject unable to carry out all previous activities but able to look after their own af-
fairs without assistance; 3 = moderate disability, with the subject requiring some help 
but able to walk without assistance; 4 = moderately severe disability, with the subject 
being unable to attend to bodily needs without assistance; and 5 = severe disability, with 
the subject bedridden, incontinent, and requiring constant nursing care and attention.31,32 
The scale was found to have good inter-rater agreement ICC = 0.675 in acute stroke pa-
tients, but problems with interpretation and relevancy in the hospital setting have been 
reported.33

K. Disability Rating Scale

The disability rating scale (DRS) is a common outcome measure used to determine 
impairment, disability, and handicap. The scale assesses general functional changes 
over the course of recovery. The first three items—“Eye Opening,” “Communication 
Ability,” and “Motor Response” indicate impairment ratings. “Feeding,” 
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“Toileting,” and “Grooming” indicate level of disability. “Level of Functioning” 
and “Employability” indicate handicap. Each area of functioning is rated on a scale 
of 0 to 3 or 5, higher scores representing higher levels of disability. The maximum 
achievable scores are 29 (extreme vegetative state) and 0 (no disability).34 Eliason 
et al. reported good reliability and validity coefficients for DRS in traumatic brain 
injury patients. Significant correlation was reported between initial DRS scores and 
length of hospital stay (r = 0.50, p < 0.01); at discharge DRS scores (r = 0.66, p < 
0.01); and discharge status (r = 0.40, p < 0.01).35 Struchen et al. reported that DRS 
provides a greater range of scores and is thus more sensitive to change than GCS.36

L. Patient-Reported Functional Scale–ICU

The patient-reported functional scale (PRFS-ICU) is a recently developed self-reported 
tool that measures patients’ perceptions of their ability to perform six activities— rolling 
in bed, sitting at the edge of the bed, sit-to-stand activity, bed-to-chair transfer, ambula-
tion, and stair climbing. Items are scored from 0 (unable) to 10 (able to perform at pre-
ICU level) with a maximum of 60.37

M. Katz Index of Independence in Activities of Daily Living

The Index of Independence in Activities of Daily Living, commonly known as the Katz 
Index, was developed by Dr. Sidney Katz in 1963. It was developed as a tool to measure 
function which can be used in objective evaluations of chronically ill and aging popu-
lations and the effectiveness of treatment in the same. The index is based on primary 
biological and psychosocial functions, and provides an objective guide to the course of 
chronic illness and aids in rehabilitation and summarizes six functions, namely, bathing, 
dressing, going to toilet, transferring, continence, and feeding.38,39 Patients are scored 
1 for “yes” and 0 for “no,” for independence in each of the six functions. A score of 
6 indicates full function; 4, moderate impairment; and 2 or less, severe functional im-
pairment.40 Haack et al. in 2019 reported that the Katz Index of ADL is significant in 
predicting hospital discharge and the need for disposition to outpatient or rehabilitation 
facilities for long-term rehabilitation. Katz et al. assessed the inter-rater reliability, re-
porting only insignificant differences between observers.39,41

N. Chelsea Critical Care Physical Assessment Tool

The development of this tool began in 2009 by Evelyn J. Corner, with the aim to for-
mulate a bedside scoring system to evaluate and grade physical morbidity in the criti-
cally ill population.42 The Chelsea Critical Care Physical Assessment Tool (CPAx) 
is a numeric and pictorial composite of 10 common components: physical function; 
respiratory function, cough, moving within the bed, supine-to-sitting transfer to the 
edge of the bed, dynamic sitting, standing balance, sit-to-stand transfer, transferring 
from bed to chair, stepping, and grip strength. These are graded on a 6-point Guttman 
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Scale, from complete dependence to independence (0 to 5). The component scores 
are added to produce a total score out of 50; 0 = complete dependence, and 50 = full 
independence. The score can also be plotted on a “radar” chart, giving a pictorial 
representation of patients’ physical functions and highlighting the problem areas.43 
Corner et al. reported high content validity and limited ceiling and floor effects for 
CPAx in critical illness survivors. Lower CPAx scores are associated with mortal-
ity.43 In an observational study, Corner et al. reported responsiveness of CPAx in 
measuring functional recovery in patients with acute severe burns.44 Whelan et al. 
evaluated postsurgical patients and patients admitted to ICUs with traumatic injuries 
using CPAx. They reported that CPAx can be used as a part of physical therapy as-
sessment to formulate problem-oriented rehabilitation resulting in improved levels 
of physical function, and that higher CPAx scores at admission are related to shorter 
hospital stays.45

O. Post COVID-19 Functional Status Score

The Post COVID-19 Functional Status Score (PCFS) was developed by Klok et al.46 and 
emphasizes relevant aspects of daily life during follow-up after COVID-19 infection. 
The scale is ordinal, scoring from 0 (no symptoms) to 5 (death, D). It covers a vast range 
of functional outcomes by focusing on limitations in usual duties/activities either at 
home or at work/study, as well as changes in lifestyle. The scale scores are intuitive and 
can easily be grasped by both clinicians and patients. The PCFS is applied at different 
time intervals: time of discharge from the hospital, first weeks after discharge to moni-
tor direct recovery (e.g., at four and eight weeks postdischarge, and six months after a 
COVID-19 diagnosis.46 A recent study reported wide degrees of functional limitations 
in COVID-19 patients at hospital discharge and at six months follow-up assessed using 
the PCFS.47

P. Perme ICU Mobility Score

The Perme ICU Mobility Score was developed to measure a patient’s mobility status, 
commencing with the ability to follow commands and culminating in distance walked in 
two minutes. It includes 15 items in 7 categories: mental status, potential mobility bar-
riers, functional strength, bed mobility, transfers, gait, and endurance. The scores range 
from 0 to 32, with higher scores indicating fewer potential mobility barriers and lower 
requirements for mobility assistance, and lower scores indicating more potential barriers 
and more assistance needed. Each of the 15 items is scored within the maximum range 
of 2–4. The total score that reflects the patient’s mobility status at one moment in time. 
Questions 1–8 require yes or no answers. For Questions 9–14, a score of 0 is assigned 
to patients who need total assistance (< 25% of the effort) or when the activity does not 
occur. A score of 3 is assigned to patients who need minimum assistance (> 75% of the 
effort) or when the activity requires supervision. Item 15 is scored from 0 to 3 based on 
the distance walked in two minutes. Perme et al. reported high validity and reliability 
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and good clinical applicability. Kappa values for specific items were described with 
overall median agreement between raters of 94.29%.48

Timenetsky et al. assessed mobility in COVID-19 patients using the Perme 
Mobility Score, and identified low mobility in patients at ICU admission and im-
proved mobility during the course of their stay.49 Luna et al. reported minimal 
detectable change (MDC) for a Perme Mobility Score of 1.36 points, thus giving 
evidence of sensitivity to changes in mobility.50 The tool is available in Spanish, 
Portuguese, and German. Psychometric properties of the translated versions have 
been established.50,51,52

IV. DISCUSSION

The ICU is a high-dependency zone, where patients present with severely compromised 
multisystemic dysfunction. An altered level of consciousness makes it difficult to evalu-
ate physical function. Breathing difficulties, mechanical ventilators, pain, sedation, 
medication lines, catheters, and other devices further hinder mobility. Therefore, it be-
comes imperative to undertake a structured evaluation of pain and dysfunction in order 
to maximize functional recovery.

Very few reviews are available on the functional scales used in ICUs to evaluate 
physical function and pain. The scales need to demonstrate satisfactory psychometric 
properties in terms of internal reliability and validity, intertester reliability, and test-re-
test reliability in order to enable comparison between outcomes evaluated on a periodic 
basis to assess function. Clinicians need to be knowledgeable about available tools to 
enable identification of the right one based on specific patient needs.

In this narrative review, we have summarized the most commonly used scales that 
evaluate physical function of patients in the ICU, presented the strengths and weak-
nesses of each tool, and reviewed the studies that have validated the clinimetric proper-
ties of the scales in different patient populations. Despite the number of scales available, 
no single one addresses all clinical or research conditions. The tools have been devel-
oped over the decades to provide measures of patient activity, capacity, disability, and 
dependency.

Application of assessment tools is dependent on patients’ level of functioning. 
Patients progress through complete dependency while unconscious, with poor ventila-
tory function requiring artificial ventilatory support, no spontaneous motor activity to 
gradually improving function (Fig. 1). Through the recovery trajectory, patients show 
linear improvement in neurological function, ventilatory function, voluntary activity, 
and physical function. Many of the scales are applicable through the complete func-
tional trajectory while some can be used in the later phases of recovery. Each scale has 
its strengths and limitations. All scales included in this review along with application 
guidelines are freely available and therefore can be easily accessed and applied in prac-
tice by professionals. During the initial stages of recovery, scales such as the RASS, 
IMS-ICU, FSS-ICU, KPS, MRS, DRS, PRFS-ICU, and CPAx may be more applicable 
whereas greater objective assessment can be performed during later stages of recovery 
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using scales such as the FSS-ICU and PFIT. Typically, patients demonstrate a linear rise 
in function with higher scores on the functional scales.

The Barthel Index provides accurate results when used by both trained and untrained 
clinicians. It is a time-tested tool and can be reliably self-reported,14 providing a quick 
assessment of self-care and mobility in patients with head injury and stroke. Good reli-
ability has been observed with a change in two points reflecting change in patient status 
from dependent to independent. Collin et al.14 reported that transfer and self-care items 
present challenges in reliable scoring and vary with observer skills. Variations in type of 
meal fed to patients create a difficulty in perceived difficulty in feeding. Ambiguity in 
dressing function led to modification of the tool. Further, observation of activities such 
as bathing and continence are time consuming, and patient input needs to be confirmed 
with nursing personnel. Thus, greater random error measurement and insensitivity to 
change due to scoring criteria make the modified Barthel Index a better measure of ADL.

The Modified Barthel Index with five-point scoring demonstrates better internal con-
sistency than the Barthel Index in patients with stroke.15 Yang et al. reported excellent 
test-retest reliability, lower randomized measurement error, and greater consistency in 
scoring than the modified Barthel Index.16 Minimal detectable change (MDC), adjusted 
at 18.4% variation of the basal score was reported to be a better measure of actual change 
in functional status, and recommendations indicate that clinicians and researchers use 
MDC% adjusted scores to identify effects of novel therapies with greater accuracy. High 
interclass correlation coefficients with the Barthel Index are consistent among studies 
(ICC 0.94–0.99), indicating that either test can be used as a clinical measure.9 Hsueh et 
al followed up a large cohort of stroke patients for six months and reported high internal 
consistency (alpha value 0.89–0.92) at different data points. In their observations, BI 
scores were well associated with scores of motor impairment on the Fugl-Meyer Motor 
Assessment Scale, the Berg Balance Scale, and the Frenchay Activities Index, which is a 
measure of instrumental activities of daily living. Thus, both the BI and the MBI emerge 

FIG. 1: Applicability of scales based on level of functioning
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as strong tools with high convergent and predictive validity and satisfactory responsive-
ness in assessing ADL functions in stroke patients.53

The Functional Independence Measure has been used extensively in geriatric popu-
lations to identify functional impairments from a biopsychosocial perspective. Andrea 
et al. reported that low FIM scores were associated with higher 28-day, 90-day, and one-
year mortality compared to high FIM scores.18 The tool has also been used as a long-
term predictor for measuring quality of life among patients with neurological disorders, 
demonstrating good reliability, validity, repeatability.54 FIM has also been used in pa-
tients with chronic obstructive pulmonary disease (COPD) having difficulty in weaning 
from the ventilator.

The FSS-ICU appears to address the limitation of FIM as it includes detailed evalu-
ation of graded ICU-applicable transfer activities, such as rolling in bed, supine-to-sit 
transfer, sitting at the edge of the bed, and sit-to-stand transfer. A major limitation of 
the FSS-ICU is that it does not take into account mental, cognitive, or social aspects of 
functioning. However, high inter-rater reliability makes it a useful tool for large multi-
centric trials.55

The physical function ICU test has been demonstrated to have good reliability and 
validity.25 However, certain components such as spot-march may not be feasible in many 
patients in the ICU. Further, the walking ability of patients is not evaluated and a floor 
and ceiling effect may be observed. The PFIT scale was revised to delete certain compo-
nents such as the shoulder lift in the PFIT-Scored version.56 The scale displayed moder-
ate convergent validity with the Timed “Up & Go” Test, and the Six-Minute Walk Test, 
was responsive to change and was predictive of key outcomes such as likelihood of 
discharge from the hospital, reduced length of hospital stay, and higher MRC scores.56

A recent study evaluated the inter-rater reliability of three physical function mea-
sures: the Physical Function ICU Test score, 30-second sit-to-stand repetitions, and 
Two-Minute Walk Test distance in an ICU setting. Low standard errors and good inter-
rater reliability were observed between the three measures when used by trained clini-
cians, thus demonstrating the value of all three tools in assessing physical function in 
the ICU.57

Most tools are administered by clinicians, and the patient’s perception of ability to 
perform physical functions remains unknown. The patient reported functional scale-
ICU is a recently developed self-reported tool that measures patients’ perception of their 
functional ability. The convergent validity of the PRFS-ICU has been tested against 
the FSS-ICU and the PFIT-Scored, and good correlation has been demonstrated.58 Thus 
adding it to tools that can be administered following discharge to monitor long-term 
functional recovery.

The Karnofsky Index has been predominantly used in cancer survivors. It has dem-
onstrated good correlation with the Katz activities of daily living (ADL) scale, and the 
basic activities of daily living (BADL).30 However, it seems to be a less accurate scale 
of performance compared to tools such as the physical performance test.59

The disability rating scale is a commonly used outcome measure to assess impair-
ment, disability, and handicap in neurological patients. A recent randomized controlled 
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trail evaluated 508 patients with moderate to severe traumatic brain injury to identify 
the factor structure of DRS and its predictive validity. At one-year post-injury, the three 
disability items—feeding, toileting, and grooming—accounted for 58.4% of the vari-
ance; the three impairment items—eye opening, communication ability, and motor re-
sponse—accounted for 14.8% of the variance; and the two handicap items—level of 
functioning and employability—accounted for 8.9% of the variance.60

The modified rankin scale (mRS) is used extensively in stroke patients. Its strength 
lies in its simplicity and coverage of functional outcomes ranging from no symptoms 
to death. Studies have demonstrated a strong correlation with outcome measures such 
as infarct volumes and good agreement with other stroke scales. However, the limited 
number of levels renders the scale less responsive to change in functional status, al-
though a single-point change on the mRS has been shown to be clinically relevant.61,62 
Another limitation is score reproducibility. Therefore, further studies are warranted to 
explore the psychometric properties of the modified ranking scale.

Most recently, the COVID-19 pandemic has demonstrated that humans will continue 
to be challenged with new surging health conditions for which they may not be prepared. 
Novel clinical presentations may not be adequately addressed using existing tools, thus 
necessitating newer tools that can effectively examine functional status. The novel co-
rona virus is known to bring about a strong immunological reaction leading to acute 
respiratory distress syndrome, inadequate ventilatory function, and lack of oxygenation, 
along with a myriad of other symptoms. This leads to the necessity of ICU admission in 
approximately 2% of COVID-19 patients. The post COVID-19 functional status score 
(PCFS) is one such tool, just formulated to evaluate functional recovery. However, fur-
ther studies are needed to evaluate the tool’s efficiency and psychometric properties.

Furthermore, early mobilization is a safe and feasible rehabilitation strategy that 
provides benefits in terms of reduced length of hospital stay, reduced days on mechani-
cal ventilator, reduce bed rest complications, and improved ICU patient outcomes.63 The 
Perme ICU Mobility Score measures the mobility of an ICU patient and also recognizes 
barriers to mobilization. Nawa et al. reported it to reliably assess mobility and to be an 
excellent candidate for further application in clinical and research setups.64

V. CONCLUSION

Evaluation of physical function provides invaluable information regarding functional 
abilities and can aid clinicians in providing structured care to facilitate rehabilitation. 
Key considerations in selecting the measurement scales are applicability, clinimetric 
properties, reproducibility, rehabilitation stage, functional domain, patient functional 
activity level, across rehabilitation, and need for ongoing evaluation.

VI. FUTURE IMPLICATIONS

The present study has provided a narrative overview of commonly used scales to as-
sess physical function in the ICU. A systematic review is warranted to report evidence 
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garnered by the various scales in specific patient populations to identify the most sensi-
tive measures capable of identifying change in clinical status.

Future studies may be undertaken to administer these scales in a large patient popu-
lation across various ICU settings and to examine their cross-cultural validity. Principal 
factor analysis and regression modeling may be used to identify key components related 
to other outcome variables in various disease conditions.

REFERENCES

1.	 Topp R, Ditmyer M, King K, Doherty K, Hornyak J III. The effect of bed rest and potential of preha-
bilitation on patients in the intensive care unit. AACN Clin Issues. 2002;13:263–76.

2.	 Morris PE. Moving our critically ill patients: Mobility barriers and benefits. Crit Care Clin. 
2007;23:1–20.

3.	 Perme C, Chandrashekar R. Early mobility and walking program for patients in intensive care units: 
Creating a standard of care. Am J Crit Care. 2009 May 1;18(3):212–1.

4.	 Van der Schaaf M, Dettling DS, Beelen A, Lucas C, Dongelmans DA, Nollet F. Poor functional status 
immediately after discharge from an intensive care unit. Disabil Rehabil. 2008 Jan 1;30(23):1812–8.

5.	 Bakhru RN, Davidson JF, Bookstaver RE, Kenes MT, Welborn KG, Morris PE, Files DC. Physical 
function impairment in survivors of critical illness in an ICU recovery clinic. J Crit Care. 2018 Jun 
1;45:163–9.

6.	 Parry SM, Huang M, Needham DM. Evaluating physical functioning in critical care: Considerations 
for clinical practice and research. Crit Care. 2017 Dec;21(1):249.

7.	 Jennett B, Bond M. Assessment of outcome after severe brain damage. Lancet. 1975;1:480–4.
8.	 Conlon N, O’Brien B, Herbison GP, Marsh B. Long-term functional outcome and performance status 

after intensive care unit re-admission: A prospective survey. Brit J Anaesth. 2008;100:219–23.
9.	 McMillan T, Wilson L, Ponsford J, Levin H, Teasdale G, Bond M. The glasgow outcome scale—40 

years of application and refinement. Nature Rev Neurol. 2016 Aug;12(8):477–85.
10.	 Weir J, Steyerberg EW, Butcher I, Lu J, Lingsma HF, McHugh GS, Roozenbeek B, Maas AI, Murray 

GD. Does the extended glasgow outcome scale add value to the conventional glasgow outcome scale? 
J Neurotrauma. 2012 Jan 1;29(1):53–8.

11.	 Anderson SI, Housley AM, Jones PA, Slattery J, Miller JD. Glasgow outcome score: An inter-rater 
reliability study. Brain Inj. 1993;7:309–17

12.	 Sessler CN, Gosnell MS, Grap MJ, Brophy GM, O’Neal PV, Keane KA, Tesoro EP, Elswick RK. The 
Richmond agitation–sedation scale: Validity and reliability in adult intensive care unit patients. Am J 
Respir Crit Care Med. 2002 Nov 15;166(10):1338–44.

13.	 Mahoney FI, Barthel DW. Functional evaluation: The Barthel Index: A simple index of independence use-
ful in scoring improvement in the rehabilitation of the chronically ill. MD State Med J. 1965 Feb;14:61–5.

14.	 Collin C, Wade DT, Davies S, Horne V. The Barthel ADL index: A reliability study. Int Disabil Studies. 
1988 Jan 1;10(2):61–3.

15.	 Shah S, Vanclay F, Cooper B. Improving the sensitivity of the Barthel Index for stroke rehabilitation. 
J Clin Epidemiol. 1989 Jan 1;42(8):703–9.

16.	 Yang CM, Wang YC, Lee CH, Chen MH, Hsieh CL. A comparison of test–retest reliability and ran-
dom measurement error of the Barthel Index and modified Barthel Index in patients with chronic 
stroke. Disabil Rehabil. 2020 Sep 4:1–5.

17.	 Granger CV, Hamilton BB, Keith RA, Zielezny M, Sherwin FS. Advances in functional assessment 
for medical rehabilitation. Topics Geriatr Rehabil. 1986 Apr 1;1(3):59–74.

18.	 D’Andrea A, Le Peillet D, Fassier T, Prendki V, Trombert V, Reny JL, Roux X. Functional indepen-
dence measure score is associated with mortality in critically ill elderly patients admitted to an inter-
mediate care unit. BMC Geriatr. 2020 Dec;20(1):1–8.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

CRP-40542.indd               13                                           Manila Typesetting Company                                           01/04/2022          06:40PM



14� Agarwal, Aglawe, & Sawant

19.	 Montagnani G, Vagheggini G, Panait Vlad E, Berrighi D, Pantani L, Ambrosino N. Use of the func-
tional independence measure in people for whom weaning from mechanical ventilation is difficult. 
Phys Ther. 2011 Jul 1;91(7):1109–15.

20.	 Thrush A, Rozek M, Dekerlegand JL. The clinical utility of the functional status score for the intensive 
care unit (FSS-ICU) at a long-term acute care hospital: A prospective cohort study. Phys Ther. 2012 
Dec 1;92(12):1536–45.

21.	 Huang M, Chan KS, Zanni JM, Parry SM, Neto SC, Neto JA, da Silva VZ, Kho ME, Needham DM. 
functional status score for the intensive care unit (FSS-ICU): An international clinimetric analysis 
of validity, responsiveness, and minimal important difference. Crit Care Med. 2016 Dec;44(12): 
e1155.

22.	 Åkerman E, Fridlund B, Ersson A, Granberg-Axéll A. Development of the 3-SET 4P questionnaire 
for evaluating former ICU patients’ physical and psychosocial problems over time: A pilot study. 
Intensive Crit Care Nurs. 2009 Apr 1;25(2):80–9.

23.	 Åkerman E, Fridlund B, Samuelson K, Baigi A, Ersson A. Psychometric evaluation of 3-set 4P 
questionnaire. Intensive Crit Care Nurs. 013 Feb 1;29(1):40–7.

24.	 Skinner EH, Berney S, Warrillow S, Denehy L. Development of a physical function outcome measure 
(PFIT) and a pilot exercise training protocol for use in intensive care. Crit Care Resus. 2009;11:110–5.

25.	 Denehy L, de Morton NA, Skinner EH, Edbrooke L, Haines K, Warrillow S, Berney S. A physical 
function test for use in the intensive care unit: Validity, responsiveness, and predictive utility of the 
physical function ICU test (scored). Phys Ther. 2013 Dec 1;93(12):1636–45.

26.	 Schag CC, Heinrich RL, Ganz PA. Karnofsky performance status revisited: Reliability, validity, and 
guidelines. J Clin Oncol. 1984 Mar;2(3):187–93.

27.	 Grieco A, Long CJ. Investigation of the Karnofsky performance status as a measure of quality of life. 
Health Psychol. 1984;3(2):129.

28.	 Nikoletti S, Porock D, Kristjanson LJ, Medigovich K, Pedler P, Smith M. Performance status assess-
ment in home hospice patients using a modified form of the Karnofsky performance status scale. J 
Palliat Med. 2000 Sep 1;3(3):301–11.

29.	 Silva CH, Morais SS, Sarian LO, Derchain SF. Association of the Karnofsky performance scale with 
the quality of life of Brazilian women undergoing palliative care. J Palliat Med. 2011 Jun;27(2):164–9.

30.	 Çeltek NY, Süren M, Demir O, Okan İ. Karnofsky performance scale validity and reliability of Turkish 
palliative cancer patients. Turkish J Med Sci. 2019 Jun 18;49(3):894–8.

31.	 Van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJA, van Gijn J. Inter-observer agreement for 
the assessment of handicap in stroke patients. Stroke. 1988;19:604–7.

32.	 Bonita R, Beaglehole R. Modification of rankin scale: Recovery of motor function after stroke. Stroke. 
1988;19:1497–500

33.	 Zhao H, Collier JM, Quah DM, Purvis T, Bernhardt J. The modified rankin scale in acute stroke has 
good inter-rater- reliability but questionable validity. Cerebrovasc Dis. 2010;29:188–93

34.	 Rappaport M, Hall KM, Hopkins K, Belleza T, Cope DN. Disability rating scale for severe head 
trauma: Coma to community. Arch Phys Med Rehabil. 1982 Mar 1;63(3):118–23.

35.	 Eliason MR, Topp BW. Predictive validity of Rappaport’s disability rating scale in subjects with acute 
brain dysfunction. Phys Ther. 1984;64:1357–60

36.	 Struchen MA, Hannay HJ, Contant CF, Robertson CS. The relation between acute physiological vari-
ables and outcome on the glasgow outcome scale and disability rating scale following severe trau-
matic brain injury. J Neurotrauma. 2001 Feb 1;18(2):115–25.

37.	 Reid JC, Clarke F, Cook DJ, Molloy A, Rudkowski JC, Stratford P, Kho ME. Feasibility, reliability, 
responsiveness, and validity of the patient-reported functional scale for the intensive care unit: A pilot 
study. J Intensive Care Med. 2020 Dec;35(12):1396–404.

38.	 Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of illness in the aged: The in-
dex of ADL: A standardized measure of biological and psychosocial function. JAMA. 1963 Sep 
21;185(12):914–9.

  1
  2
  3
  4
  5
  6
  7
  8
  9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

CRP-40542.indd               14                                           Manila Typesetting Company                                           01/04/2022          06:40PM

Critical Reviews™ in Physical and Rehabilitation Medicine



Volume 34, Issue 1, 2022

Physical Function Assessment Tools in the ICU� 15

39.	 Katz S, Downs TD, Cash HR, Grotz RC. Progress in development of the index of ADL. Gerontologist. 
1970 Mar 1;10:20–30

40.	 Silveira LT, Silva JM, Soler JM, Sun CY, Tanaka C, Fu C. Assessing functional status after inten-
sive care unit stay: The Barthel index and the Katz Index. Int J Quality Health Care. 2018 May 
1;30(4):265–70.

41.	 Hartigan I. A comparative review of the Katz ADL and the Barthel index in assessing the activities of 
daily living of older people. Int J Older People Nurs. 2007 Sep;2(3):204–12.

42.	 Corner EJ, Wood H, Englebretsen C, Thomas A, Grant RL, Nikoletou D, Soni N. The Chelsea criti-
cal care physical assessment tool (CPAx): Validation of an innovative new tool to measure physical 
morbidity in the general adult critical care population: An observational proof-of-concept pilot study. 
Physiotherapy. 2013 Mar 1;99(1):33–41.

43.	 Corner EJ, Soni N, Handy JM, Brett SJ. Construct validity of the Chelsea critical care physical assess-
ment tool: An observational study of recovery from critical illness. Crit Care. 2014 Apr;18(2):1–0.

44.	 Corner EJ, Hichens LV, Attrill KM, Vizcaychipi MP, Brett SJ, Handy JM. The responsiveness of the 
Chelsea critical care physical assessment tool in measuring functional recovery in the burns critical 
care population: An observational study. Burns. 2015 Mar 1;41(2):241–7

45.	 Whelan M, Van Aswegen H, Corner E. Impact of the Chelsea critical care physical assessment (CPAx) 
tool on clinical outcomes of surgical and trauma patients in an intensive care unit: An experimental 
study. South African J Physiother. 2018 May 7;74(1):1–8.

46.	 Klok FA, Boon GJ, Barco S, Endres M, Geelhoed JM, Knauss S, Rezek SA, Spruit MA, Vehreschild 
J, Siegerink B. The post-COVID-19 functional status scale: A tool to measure functional status over 
time after COVID-19. Eur Resp J. 2020 Jul 1;56(1).

47.	 Mohamed-Hussein A, Galal I, Saad M, Zayan HE, Abdelsayed M, Moustafa M, Ezzat AR, Helmy 
R, Abd Elaal H, Aly K, Abderheem S. Post-COVID-19 functional status: Relation to age, smoking, 
hospitalization and comorbidities. MedRxiv. 2020 Jan 1.

48.	 Perme C, Nawa RK, Winkelman C, Masud F. A tool to assess mobility status in critically ill patients: 
The perme intensive care unit mobility score. Methodist DeBakey Cardiovasc J. 2014 Jan;10(1):41.

49.	 Timenetsky KT, Serpa Neto A, Lazarin AC, Pardini A, Moreira CR, Corrêa TD, Caserta Eid RA, 
Nawa RK. The perme mobility index: A new concept to assess mobility level in patients with corona-
virus (COVID-19) infection. PLoS One. 2021 Apr 21;16(4):e0250180

50.	 Wilches Luna EC, de Oliveira AS, Perme C, Gastaldi AC. Spanish version of the perme intensive 
care unit mobility score: Minimal detectable change and responsiveness. Physiother Res Int. 2021 
Jan;26(1):e1875.

51.	 Kawaguchi YM, Nawa RK, Figueiredo TB, Martins L, Pires-Neto RC. Perme intensive care unit mo-
bility score and ICU mobility scale: Translation into Portuguese and cross-cultural adaptation for use 
in Brazil. J Brasil Pneumol. 2016 Nov;42:429–34.

52.	 Nydahl P, Wilkens S, Glase S, Mohr LM, Richter P, Klarmann S, Perme CS, Nawa RK. The German 
translation of the Perme intensive care unit mobility score and inter-rater reliability between physio-
therapists and nurses. Eur J Physiother. 2018 Apr 3;20(2):109–15.

53.	 Hsueh IP, Lee MM, Hsieh CL. Psychometric characteristics of the Barthel activities of daily living 
index in stroke patients. J Formosan Med Assoc. 2001 Aug 1;100(8):526–32.

54.	 Linacre JM, Heinemann AW, Wright BD, Granger CV, Hamilton BB. The structure and stability of the 
functional independence measure. Arch Phys Med Rehabil. 1994 Feb 1;75(2):127–32.

55.	 Huang M, Chan KS, Zanni JM, Parry SM, Neto SC, Neto JA, da Silva VZ, Kho ME, Needham DM. 
Functional status score for the intensive care unit (FSS-ICU): An international clinimetric analysis of 
validity, responsiveness, and minimal important difference. Crit Care Med. 2016 Dec;44(12):e1155.

56.	 Denehy L, de Morton NA, Skinner EH, Edbrooke L, Haines K, Warrillow S, Berney S. A physical 
function test for use in the intensive care unit: Validity, responsiveness, and predictive utility of the 
physical function ICU test (scored). Phys Ther. 2013 Dec 1;93(12):1636–45.

57.	 Costigan FA, Rochwerg B, Molloy AJ, McCaughan M, Millen T, Reid JC, Farley C, Patterson L, Kho 

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

CRP-40542.indd               15                                           Manila Typesetting Company                                           01/04/2022          06:40PM



16� Agarwal, Aglawe, & Sawant

ME. I SURVIVE: Inter-rater reliability of three physical functional outcome measures in intensive 
care unit survivors. Can J Anesth/J Can Anesth. 2019 Oct;66(10):1173–83.

58.	 Reid JC, Clarke F, Cook DJ, Molloy A, Rudkowski JC, Stratford P, Kho ME. Feasibility, reliability, 
responsiveness, and validity of the patient-reported functional scale for the intensive care unit: A pilot 
study. J Intensive Care Med. 2020 Dec;35(12):1396–404.

59.	 Terret C, Albrand G, Moncenix G, Droz JP. Karnofsky performance scale (KPS) or physical perfor-
mance test (PPT)? That is the question. Crit Rev Oncol/Hematol. 2011 Feb 1;77(2):142–7.

60.	 Krch D, Lequerica AH. The factor structure of the disability rating scale in individuals with traumatic 
brain injury. Disabil Rehabil. 2019 Jan 2;41(1):98–103.

61.	 Broderick JP, Adeoye O, Elm J. Evolution of the modified rankin scale and its use in future stroke tri-
als. Stroke. 2017 Jul;48(7):2007–12.

62.	 Harrison JK, McArthur KS, Quinn TJ. Assessment scales in stroke: Clinimetric and clinical consider-
ations. Clin Interventions Aging. 2013;8:201.

63.	 Alaparthi GK, Gatty A, Samuel SR, Amaravadi SK. Effectiveness, safety, and barriers to early mobi-
lization in the intensive care unit. Crit Care Res Pract. 2020 Nov 26;2020.

64.	 Nawa RK, Lettvin C, Winkelman C, Evora PR, Perme C. Initial interrater reliability for a novel mea-
sure of patient mobility in a cardiovascular intensive care unit. J Crit Care. 2014 Jun 1;29(3):475–e1.

  1
  2
  3
  4
  5
  6
  7
  8
  9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

CRP-40542.indd               16                                           Manila Typesetting Company                                           01/04/2022          06:40PM

Critical Reviews™ in Physical and Rehabilitation Medicine


