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Abstract 
Objectives: To translate and culturally adapt the Chelsea Critical Care Physical Assessment 

Tool into Swedish and to test the interrater reliability of the Swedish version in critically ill 

patients.  

Design: Observational study 

Methods: Translation and cross-cultural adaptation was performed in line with international 

recommendations, including forward and backward translation and expert round table 

discussions. The inter-rater reliability of the Chelsea Critical Care Physical Assessment Tool 

- Swedish was then explored in 50 critically ill adult patients, pragmatically recruited, in a 

University Hospital clinical setting.  

Reliability was calculated using intraclass correlation coefficient for aggregated scores and 

quadratic weighted Cohen’s kappa analysis for individual items  

Results: The expert round table discussion group agreed that the translation was a 

satisfactory equivalent to the original version and applicable for use within the clinical 

setting. Reliability of aggregated scores and individual items were very good (intraclass 

correlation coefficient of 0.97 and quadric weighted kappa values ranging from 0.88 to 0.98). 

The measurement error for aggregated scores was low, with a standard error of measurement 

of 1.79, smallest detectable change of 4.95, and limits of agreement of 5.20 and -4.76. The 

percentage agreement for individual items ranged from 64% to 88%. 

Conclusion: The Chelsea Critical Care Physical Assessment Tool - Swedish was found 

applicable and appropriate for assessment of functioning in critically ill patients in an acute 



setting in Sweden, and it displayed high inter-rater reliability. This implies that the Swedish 

version can be used as assessment tool within intensive care and acute wards in Sweden. 

 

Contribution of the paper: 

Key messages: 

CPAx-Swe is considered reliable for use by physiotherapist in intensive care settings 

in Sweden. 

The CPAx-Swe is feasible for use within clinical practice thanks to its simplicity and 

strong clinical relevance. 

New knowledge: 

The CPAx-Swe is the first translation of a suitable outcome measure for the use 

within critically ill patients in Sweden. 

The results of this study confirm the findings of earlier research about the reliability 

of CPAx.  
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Introduction 
In Sweden, as in most developed countries, physiotherapists are part of the multiprofessional 

intensive care unit team. Physiotherapy interventions in adult critically ill patients include 

multimodality respiratory physiotherapy, early progressive mobilization and physical activity 

to prevent and treat respiratory conditions, physical deconditioning, and neuromuscular and 

musculoskeletal complications [1-4]. To evaluate the effect of such interventions, outcome 

measures with adequate psychometric properties are needed.  

 

Several outcome measures have been developed for use within the intensive care setting, e.g. 

the Chelsea Critical Care Physical Assessment Tool (CPAx) [5] the Physical Function in 

Intensive Care Test [6], the Functional Status Score for the Intensive Care [7] and the Perme 

mobility scale [8]. According to a systematic review of 26 different outcome measures [9], 

the CPAx and the Physical Function in Intensive Care Test demonstrated the strongest 

psychometric properties, however the latter has a significant floor effect. 



 

The CPAx was developed as a bedside assessment tool for the critical care population and 

has demonstrated validity, reliability and responsiveness [5,10,11]. Ten items (respiratory 

function, cough, moving within bed, supine to sitting on the edge of bed, dynamic sitting, 

standing balance, sit to stand, transferring from bed to chair, stepping and grip strength) are 

rated on a 6-point Guttman-Scale from complete dependency (0) to independency (5). An 

aggregated score can be calculated (0-50) and higher scores indicate a better 

functioning/independency. An eLearning package (https://cpax.helmlms.com/login) is 

available and has proved to be an effective and useful way to deliver standardised education 

and facilitate clinical implication [12]. Before using the CPAx in a Swedish context, a cross-

cultural adaptation and reliability testing after translation was needed. Thus, the objectives of 

this study were to translate and culturally adapt the CPAx into Swedish and to test the 

interrater reliability of the Swedish version (CPAx-Swe) in critically ill patients.  

 

Methods 
The translation and cross-cultural adaptation were performed with reference to published 

guidelines [13,14]. After permission from the original author, the CPAx was translated to 

Swedish by an independent professional translator (nationality English) fluent in Swedish and 

English. The Swedish translation was then discussed by an expert committee in a round table 

discussion consisting of five experienced physiotherapists working within intensive care unit, 

who made several cultural adaptations. The adjusted version was translated back to English 

by an independent bilingual (nationality English) physiotherapist. The back translation was 

approved by the original author of the CPAx. A pilot test was completed using two examiners 

working at the intensive care unit but not involved in the translation process. This was to 

check that CPAx-Swe was appropriate and applicable for use in acute Swedish healthcare. No 

adjustments were deemed necessary after the pilot test. 

 

Published guidelines for reporting reliability studies [15] were used for the inter-rater 

reliability part of the study, and the study was approved by the ethical review board in 

Stockholm, registration number: 2017/679-31/4. 

 

Patients 



Adult patients were pragmatically recruited from the general and the cardiothoracic intensive 

care units, and the acute/high dependency wards at the Karolinska University Hospital, 

Stockholm, Sweden, from November 2016 to April 2018. There were no specific exclusion 

criteria to allow CPAx-Swe to be tested for potential ceiling- and floor effects. A sample size 

of 50 patients was considered adequate for inter-rater reliability testing [16]. 

 

Raters 

Twelve physiotherapists aged 23 - 60 with clinical experience ranging from 7 months to 18 

years, working at the Karolinska University Hospital during the study-period, participated as 

raters. All completed the eLearning package (https://cpax.helmlms.com/login) before data 

collection. The eLearning package was completed in English. 

 

Procedures 

Assessments were completed in pairs. Two physiotherapists assessed the same patient at the 

same time. One physiotherapist led the assessment while the other observed or assisted if 

needed. Each physiotherapist scored the patient independently of each other without 

discussion and was blinded to the score allocated. The scores were recorded in separate 

CPAx-Swe forms. Also noted were the patient’s age, sex and diagnosis as well as who was 

the lead physiotherapist. This process took approximately 30 minutes.  

 

Statistical analysis 

Descriptive statistics were used to present data, i.e. mean, standard deviation (sd), median, 

interquartile range (IQR), frequency and percentage. Analyses of the measurement properties 

reliability and measurement error [17] were used to evaluate inter-rater reliability of the 

CPAx-Swe. Reliability analyses consisted of intraclass correlation coefficient (ICC) analysis 

as described below for aggregated scores and quadratic weighted Cohen’s kappa analysis for 

individual items [18]. Reliability was considered very good if ICCagreement was >0.80 and if 

weighted kappa values were >0.75 [18]. The standard error of measurement (SEM), smallest 

detectable change (SDC) and limits of agreement, as described below, were calculated as a 

parameters of measurement error for aggregated scores [18]. Percentage agreement was used 

as a parameter for measurement error for individual items [18]. The CPAx-Swe aggregated 

score data were visualised in Bland–Altman plots to check for systematic bias, outliers or 

heteroscedasticity, i.e. whether the differences depend on the magnitude of the mean (Figure 

1). 



 

ICCagreement=σ2p / σ2p+σ2o+σ2residual 

σ2p = variance due to systematic difference between ‘true’ scores of patients  

σ2o = variance due to systematic difference between raters 

σ2residual = residual variance  

 

SEMagreement= √(σ2o+σ2residual)  

SDC= √2 x 1.96 x SEM 

Limits of agreement were defined as d  ± 1.96 x SDdiff where d = mean difference between 

raters and SDdiff = the standard deviation of the differences. 

 

All analyses were performed using SPSS software (version 24). 

 

Results  
Translation and cross-cultural adaptation 

The Swedish version of the CPAx was found to be a satisfactory equivalent to the original 

version and was accepted by the original author. The pilot test showed that the instrument 

was applicable for clinical setting. Minor adjustments in wording were made during the 

translation process due to linguistic and terminological differences, for instance one piece of 

equipment (yanker suction) is not used in Swedish hospitals and was therefore alternative 

wording was required. See Table 1 for an example of wording adjustments for item “cough”. 

The expert committee identified some unclarities, but after contacting the original author 

these were solved and consensus was reached on the translated version, i.e. the CPAx-Swe 

(see Appendix). 

 

Inter-rater reliability 

Fifty patients (15 women, 35 men) with a mean (sd) age 56.8 (18.9) ranging from 18 to 88 

years participated. The majority (n=39, 78%) were recruited from the general intensive care 

unit, while four (8%) and seven (14%) patients were from the cardiothoracic intensive care 

unit and the acute/high dependency wards, respectively. The diagnoses were as follows: 

medicine (n=10), trauma (n=10), surgery (n=9), respiratory (n=8), cardiothoracic (n=8) and 

haematology (n=4). 

 



Descriptive statistics of assessments and results from interrater reliability tests are presented 

in Tables 2 and 3. Reliability of aggregated scores and individual items was very good, 

ICCagreement = 0.97 and quadratic weighted kappa ranging from 0.88 to 0.98, respectively. The 

measurement error for aggregated scores was low (SEM=1.79 and SDC=4.95). The limits of 

agreements are displayed in Figure 1. The mean difference between raters was 0.22 and the 

standard deviation of the differences was 2.54, thus the 95% limits of agreement were 5.20 

and -4.76). The percentage agreement, as a parameter for measurement error, for individual 

items ranged from 64% to 88%.  

 

Discussion 
The aim of the present study was to translate and culturally adapt the CPAx into Swedish and 

then test the inter-rater reliability of the CPAx-Swe. After expert round table discussions, the 

CPAx-Swe was found to be a satisfactory equivalent to the original version. The inter-rater 

reliability was considered very good with high reliability and small measurement errors.  

 

The translation and adaption process followed published guidelines. Some deviations from 

the guidelines were necessary to the translation process due to financial constraints. In this 

study only one translator was used for the forward translation, and one for the back 

translation resulting in the potential for bias [13,14]. The compliance to this standardized 

process vouches for the CPAx-Swe being highly comparable with the original version. In 

addition, the use of an expert round table discussion and prior pilot testing in the clinical 

setting to check for understanding and acceptability provide further credibility. A strength 

was the involvement of the original author (Evelyn Corner) throughout the process. As was 

the case in the translation and adaptation of the CPAx into Danish [19]. 

 

Inter-rater reliability was assessed by analyses of the measurement properties reliability and 

measurement error as proposed by the international initiative COnsensus-based Standards for 

the selection of health Measurement INstruments (COSMIN) [17,18]. Reliability is according 

to COSMIN defined as “the proportion of the total variance in the measurements which is 

because of ‘true’ differences among patients”, and measurement error is defined as “the 

systematic and random error of a patient’s score that is not attributed to true changes in the 

construct to be measured” [17]. Thus, reliability gives information on how well patients can 



be distinguished from each other, and measurement error on how close scores are for 

repeated measurements, i.e. the agreement between measurements. 

 

The reliability results in the present study were considered very good and correspond to 

earlier studies by Corner et al [5,12]. The clinical implication is that the CPAx-Swe seems to 

be a useful assessment tool for evaluation of function of the intensive care unit-patient. The 

measurement error of the for aggregated scores was considered low, implying that the CPAx-

Swe can be used for evaluative purposes. The SDC was 5 points and the limits of agreements 

were approximately ± 5 points. Thus, if a patient is assessed by different raters, a change of at 

least 5 points is indicative of an improvement or deterioration. The measurement errors for 

individual items ranged from 64 to 88 percentage agreement. Although agreement between 

raters was generally high, it was somewhat lower on the items cough, moving within the bed 

and stepping. Disagreement in ratings on the cough item may be due to subjectivity in what is 

considered self-clearing and whether suction is considered high or low in the throat. That 

some CPAx items tend to yield lower agreement between raters due to subjective 

interpretation of e.g. “minimal” versus “moderate” assistance has also previously been 

highlighted [12].  

 

Limitations of this study include that this was a single-center study. To compensate for this, 

different ward environments were used, i.e. the general and the cardiothoracic intensive care 

units, and the acute/high dependency wards. Further, only physiotherapists served as raters 

and the results can therefore not be generalised to other health professionals. That inter-rater 

reliability of the CPAx-Swe was chosen to study instead of intra-rater/test-retest reliability, 

was due to the difficulties in performing the latter studies on patients in intensive care since 

their conditions can vary considerably even over a short period of time. Another possible 

limitation was the procedure of having assessments completed in pairs where the leading 

assessor and the constellation of the pairs shifted on each occasion. This made it difficult to 

discover any systematic between-raters error. The selected procedure is, however, more like 

the clinical reality of how physiotherapists work in an intensive care setting. Furthermore, 

assessing patients at different time points is problematic due to patient fatigue and the 

potential for rapid developments in their clinical picture.  

 

That all raters completed the CPAx eLearning package ensured that they had the same 

background information about the assessment tool before commencing the study, and 



enhanced a common understanding for using the CPAx-Swe. No issues were raised regarding 

understanding the eLearning package as all participating raters were considered fluent in both 

English and Swedish. The inter-rater reliability was found to be very good regardless of the 

variation in age and clinical experience among the raters. This suggests that the CPAx-Swe 

can be used by other physiotherapists working in acute wards with critically ill patients. The 

assessment tool can be considered easy to use in the clinical setting due to the minimal use of 

equipment and the short time required for assessment.  

 

In conclusion, the CPAx-Swe was found applicable and appropriate for assessment of 

functioning in critically ill patients in an acute setting in Sweden, and it displayed high inter-

rater reliability. This implies that CPAx-Swe can be used as assessment tool within intensive 

care and acute wards in Sweden. 
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Figure 1. A Bland-Altman plot of data from the assessments of the 50 critically ill patients 

by the pair of raters. The difference between the lead and observer physiotherapist’s 

aggregated scores of the Swedish Chelsea Critical Care Physical Assessment Tool (CPAx-

Swe) plotted against the mean of the raters’ aggregated scores. The mean difference is 

marked with a solid line and the 95% limits of agreements with dashed lines. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Table 1  
Adjustment in wording, terminology and grammar during the translation and expert round 
table discussion for item “Cough” 

 Original version of 
CPAx 

The back-
translated 
synthesized 
English version 

The final 
version of 
CPAx 
(presented as 
the synthesized 
English version 
after the expert 
round table 
discussion) 

2. Cough    
Level 0 Absent cough, maybe 

fully sedated or 
paralysed 

Absent cough. 
Maybe fully 
sedated/muscle 
relaxed 

Absent cough. 
Maybe fully 
sedated/muscle 
relaxed 

Level 1 Cough stimulated on 
deep suctioning only 

Cough is 
stimulated in 
connection to deep 
suctioning 

Cough is 
stimulated only 
on deep 
suctioning 

Level 2 Weak ineffective 
voluntary cough 
unable to clear 
independently (e.g 
requires deep suction) 

Weak ineffective 
cough. The patient 
can´t clear airways 
independently. 
Need deeper 
suctioning 

Spontaneous, 
weak cough, 
cannot clear 
mucus 
independently, 
needs deep 
suctioning. 

Level 3 Weak, partially 
effective cough, 
sometimes able to 
clear secretions (e.g 
requires Yankauer 
suctioning) 

Weak mostly 
ineffective cough. 
Can sometimes 
clear secretions. 
Requires suctioning 
in the mouth. 

Weak, partially 
effective cough. 
Can sometimes 
clear secretions 
(e.g requires 
suctioning in 
upper airways) 

Level 4 Effective cough, 
clearing secretions 
with airways 
clearance techniques. 

Effective cough- 
can clear secretions 
with breathing 
exercises. 

Effective cough. 
Clear secretions 
with airway 
clearance 
techniques. 



Level 5 Consistent effective 
voluntary cough, 
clearing secretions 
independently 

Effective cough, 
clearing secretions 
independently 

Effective cough, 
clearing 
secretions 
independently 

 
 

 

  



 

Table 2. Descriptive statistics and inter-rater reliability results of aggregated scores of the 

Swedish Chelsea Critical Care Physical Assessment Tool (CPAx-Swe). 

 

 Lead rater Observer rater    

 mean (sd) min-max  mean (sd) min-max ICC (95%CI) SEM SDC 

CPAx-Swe 

score 

24.4 (10.6) 3-47 24.2 (10.9) 3-47 0.97 (0.95-0.98) 1.79 4.95 

sd: standard deviation, min: minimum value, max: maximum value, ICC: intraclass 

correlation coefficient, 95% CI: 95 % confidence interval, SEM: standard error of 

measurement, SDC: smallest detectable change 

 

 

Table 3. Descriptive statistics and inter-rater reliability results of individual items of the 

Swedish Chelsea Critical Care Physical Assessment Tool (CPAx-Swe). 

 

 Lead rater Observer rater   

CPAx-Swe items median (IQR) median (IQR) kappa values* agreement 

Respiratory function 3.50 (3-4) 3 (3-4.25) 0.95 88% 

Cough 4 (2.75-5) 4 (3-5) 0.88 64% 

Moving within the bed 2 (1-4) 3 (1-4) 0.86 66% 

Supine to sitting on 

the edge of bed 

1 (1-2) 1.5 (1-2) 0.93 74% 

Dynamic sitting 4 (3-5) 4 (3-4.25) 0.92  84% 

Standing balance 2 (1-3) 2 (1-3) 0.92 78% 

Sit to stand 1 (1-2) 1 (1-2) 0.90 74% 

Transferring from bed 

to chair 

2 (1-4) 2 (1-4) 0.94 84% 

Stepping 1 (0-3) 1 (0-3) 0.88 64% 

Grip strength 1 (0.75-3) 1.5 (0-3) 0.98 86% 

IQR: interquartile range * quadratic weighted kappa values 

 

 


