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Detailed description of the assessment procedures and comparator instruments 
All outcome assessments were performed in the participant’s hospital room and on the ward. All 

outcome assessments were administered by the principal investigator (TB), except noted otherwise. 

Instructions were given verbally. If necessary, and if this was allowed according to the formal 

assessment instructions, individual items or tasks were demonstrated by the assessor. Participants 

used the usual walking aid prescribed by the responsible physiotherapist. The same device was used 

for all assessments in a single session. 

Similar items in different assessments were only performed once to reduce participant’s burden, e.g., 

standing with both feet together is required in the de Morton Mobility Index (DEMMI), Performance 

Oriented Mobility Assessment (POMA), and the Berg Balance Scale (BBS). Breaks were offered 

between assessments. A hand-held digital stopwatch was used for all temporal outcomes. Walking 

distances were recorded with a digital measuring wheel. For participants requiring some kind of 

physical assistance during ambulation (Functional Ambulation Categories (FAC) scored ≤ 2), the 

walking tests were scored as “unable” (Timed Up and Go test (TUG), gait speed, 6-minute walk test 

(6minWT)) or “0” (POMA gait sub-scale), respectively. Stand-by assistance was provided for all 

participants whenever needed. 

Most applied assessments (BBS, TUG, gait speed, 6minWT) are deemed to be sufficiently valid for 

measuring mobility and physical functioning in neurorehabilitation since they are recommended in 

clinical guidelines [1, 2]. Evidence for the validity of the other assessments is described in the following. 

Berg Balance Scale (BBS) 
The BBS [3] is a psychometrically sound assessment of balance for use in neurorehabilitation [4, 5]. 

The patient’s performance in 14 static and dynamic balance tasks is rated on an ordinal scale, with 

lower points indicating poorer balance. 

Timed Up and Go test (TUG) 
The TUG assesses basic mobility functions as it asks the patient to stand up from a chair, walk 3 m, turn 

around, walk back, and return to the chair [6, 7]. A familiarization trial was performed, followed by two 

counted trials, of which the mean (in sec) was used as the final TUG score. A shorter TUG time indicates 

higher mobility. 

10-meter walk test  
Fast gait speed (m/sec) was assessed over a distance of 10 m. Participants started 90 cm prior to the 

starting line and were instructed to continue walking 2 meters behind the finishing line. They were 

timed from the moment their first foot crossed the starting line until their first foot crossed the finish 

line. 
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6-minute walk test (6minWT) 
The 6minWT captures the distance in meters walked over a period of 6 minutes on a plain walkway 

[8]. Longer distances indicate a better mobility and walking endurance. Breaks were offered if needed. 

Functional Ambulation Categories (FAC) 
The clinician-completed FAC distinguishes 6 levels of walking ability subjected to the amount of 

assistance required over a walking distance of 10 m [9]. Lower scores, where physical assistance is 

needed, indicate poorer mobility than higher scores, where the patient is able to ambulate 

independently. Adequate predictive validity as well as excellent concurrent validity and reliability have 

been reported for patients with stroke [10]. 

Performance Oriented Mobility Assessment (POMA) 
Tinetti’s POMA is a clinician-rated measure of mobility and fall risk, consisting of two sub-scales [11]. 

Scores are summed for the balance and the gait sub-scale. A total POMA score of 28 points indicates 

higher mobility. There is evidence for the POMA’s (moderate) construct validity in individuals with PD 

and stroke [12, 13]. 

Functional Independence Measure (FIM)  
On an ordinal scale, composed of 18 items, a patient’s independence in several activities is each rated 

on a 7-point Likert scale ranging from 1 (total dependence) to 7 (total independence) [14]. Higher 

scores indicate better functioning. In this study, the total score as well as the mobility subscale were 

used. The latter included the following 5 items: bed to chair transfer, toilet transfer, shower transfer, 

locomotion, stairs. Therefore, the highest achievable FIM mobility subscale score was 35 points. The 

FIM was administered as part of usual care by the nursing staff. Acceptable to high construct validity 

and unidimensionality of the FIM in neurorehabilitation has been reported [15, 16]. 
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Additional information on the statistical analyses 
 

Criteria for the Rasch analysis 
The unrestricted (partial credit) Rasch polytomous model was used with a conditional pair-wise 

parameter estimation and two class intervals. Overall fit of data to the model is deemed acceptable if 

the following criteria are fulfilled (adopted from Mills et al. [17]: 

(1) Both total chi-square probability and individual item chi-square probability values non-

significant. 

(2) Individual item fit residual, by convention, within ± 2.5. 

(3) Mean and standard deviation of both item fit residual and person fit residual approaching 0 

and 1, respectively. 

(4) Ordered item category thresholds. 

(5) Person-item separation index (PSI) (reliability) greater than 0.70 for group use and 0.85 for 

individual use. 

(6) Unidimensionality (all items reflecting a single underlying latent trait) by independent t-test at 

the person abilities showing less than 5% of tests to be significant or the lower bound of a 

binomial 95% confidence interval of the observed proportion overlaps 5% [18]. 

(7) Pearson correlation coefficients between item residuals between 0.2 and 0.3 above the 

average of all item residual correlations (local independence) [19]. If the correlation was 

between 0.2 and 0.3 above the average, a subtest analysis using the correlated items was 

undertaken. Local dependence was considered if the internal consistency (PSI) of the whole 

item set differed substantially from the PSI in the subtest.  

(8) Differential Item Functioning (DIF) occurs when different groups within the sample (e.g., 

women and men) respond in a different manner to an individual item, despite equal levels of 

the underlying characteristic (ability) being measured. ANOVA probability for differential item 

functioning (DIF) non-significant (5% alpha with Bonferroni correction) for the following 

factors: sex (male and female), age (split at median: 18 to 72 years and 73+ years), age (split 

at quartiles: 18 to 58 years, 59 to 68 years, 69 to 75 years and 76+ years), disease phase (sub-

acute (< 6 months) and chronic (> 6 months)) and diagnosis (stroke, Parkinson’s disease and 

‘other’). This is undertaken with a two-way ANOVA with class interval (grouped level of 

mobility) and the external factor (e.g. sex) as main effects. Uniform DIF is then for the main 

effect of the factor (e.g. gender; and there is another for class interval) and non-uniform DIF is 

the interaction between class interval and the factor. For DIF analysis, clinically meaningful 

groups of approximately equal sizes are needed. 
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The importance of any identified DIF was tested using a method outlined by Tenant and Pallant 

[20], as described by Twiss et al. [21]: “If DIF is identified it is necessary to assess the extent to 

which it influences the calculation of the Rasch estimates. If DIF is minor, its influence on 

estimates may be only slight. Rasch estimates are first calculated using a ‘pure’ dataset where 

items exhibiting DIF are removed. These estimates are then saved to an anchor file. The whole 

dataset, including items exhibiting DIF, are anchored to this dataset so that the estimates are 

defined by the measurement framework of the ‘pure’ items. The resulting estimates (pure vs. 

full anchored dataset) are then compared. The proportion of estimates that differ by 0.5 logits 

is calculated to assess for the proportion of non-trivial DIF” [21]. We calculated the distribution 

of the estimates (including mean, standard deviation), correlation between estimates 

(intraclass correlation coefficient), and differences between the estimates (t-test). 

Construct validity 
Formulated hypotheses: 

 H1 – H4: DEMMI scores correlate strongly (> 0.7) with other measures of mobility capacity 

(Performance Oriented Mobility Assessment, Timed Up and Go test, fast gait speed, mobility 

subscale of the FIM), as reported for people with Parkinson’s disease (PD) [22, 23], people with 

stroke [24], and older people [25–28]. 

 H5: DEMMI scores correlate strongly (> 0.7) with the Functional Ambulation Categories (FAC), 

a measure of ambulation. Others reported Spearman’s rho correlations between DEMMI and 

FAC of 0.92 [28] and 0.87 [29] in older people, 0.93 in people with stroke [24] and 0.80 in 

people with Parkinson’s disease [23]. 

 H6: DEMMI scores correlate strongly (> 0.7) with the 6-minute walk test, a measure of walking 

endurance. Others reported Spearman’s rho correlations between DEMMI and 2- or 6-minute 

walk test of 0.76 [30], 0.70 [28] and 0.76 [29] in older hospital patients. In people with stroke, 

the correlation was 0.91 [24] and in inpatients with Parkinson’s disease, it was 0.76 [23]. 

 H7: DEMMI scores correlate strongly (> 0.7) with the Berg Balance Scale, a measure of balance. 

In people with PD and stroke, correlations from 0.84 to 0.96 have been reported [22–24].  

 H8: DEMMI scores correlate strongly (> 0.7) with the FIM total score, a measure of functional 

independence and disability in the activities of daily living (ADL). De Morton et al. [25] and 

Braun et al. [23, 24] reported correlations between the DEMMI and ADL disability of 0.68 

(Barthel Index; older people), 0.85 (FIM, people with stroke) and 0.63 (FIM, people with 

Parkinson’s disease), respectively. 

 H9: Ambulatory participants (FAC ≥ 3) ambulating without a walking aid have statistically 

significant higher DEMMI scores than participants using a walking aid.  



Supplementary file 1: Additional information on study methods 
 

 

 H10: Independent walkers (FAC ≥ 4) have statistically significant higher DEMMI scores than 

non-ambulatory participants or dependent walkers (FAC ≤ 3). 

 H11: Participants who can climb stairs independently (FIM stair item 6 – 7 points) have 

statistically significant higher DEMMI scores than participants who are dependent or cannot 

climb stairs (FIM stair item 1 – 5 points). 

We applied one-tailed Spearman’s rho analyses because directions of the correlations were 

hypothesized a priori. A one-sided Mann Whitney U test for independent samples was used to 

compare groups as hypotheses were formulated a priori. For each hypothesis on known-groups 

validity, we expected a statistically significant difference between the DEMMI mean scores of both 

groups.  

Between the DEMMI and the TUG, in which lower scores represent better functioning, a negative 

correlation was hypothesized. The expected strengths of correlations are always reported 

unidirectional to improve readability. 

We decided against defining an a priori threshold of e.g. ≥ 75% of hypotheses which need to be 

confirmed in order for a measurement instrument to be valid [31, 32]. Along with others [33], we do 

not think that the broad concept of construct validity can be judged as “good” or “bad” according to 

an arbitrary threshold of confirmed hypotheses of varying importance. Instead, we leave it to the 

reader to decide which percentage of confirmed hypotheses is deemed acceptable. 

Inter-rater reliability 
The ICCAGREEMENT was calculated by dividing the systematic differences between the ‘‘true’’ scores of 

participants by the error variance consisting of the systematic differences between the ‘‘true’’ scores 

of participants, the variance due to systematic differences between raters and the residual variance 

[34]. 

Measurement error 
The standard error of measurement (SEMAGREEMENT) was calculated using the same variance 

components used for the ICCAGREEMENT calculation and by taking the square root of the variance between 

the raters and the error variance of the ICCAGREEMENT [34]. The SEM was satisfactory if it was ≤ 10% of 

the total scale range (100 DEMMI points) [35]. 

Interpretability: Limits of agreement/Bland and Altman plot 
The method of Bland and Altman was used to illustrate agreement between two raters [36]. The 95% 

limits of agreement require homoscedasticity and normally distributed differences [37]. A positive 

Kendall’s tau (τ) correlation between the absolute differences and the corresponding means > 0.1 was 
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deemed to denote heteroscedasticity [38]. In case of heteroscedastic data, the following formula was 

used to calculate the limits of agreement: −2X 
( )

( )
 𝑎𝑛𝑑 + 2𝑋 

( )

( )
 , with a = 95% limits of 

agreement of the 10log transformed data and X the mean score [39]. 

Interpretability: Minimal Detectable Change 
The minimal detectable change (MDCind) with 90% and 95% confidence, a quantification of absolute 

agreement, was calculated based on the inter-rater reliability data as MDCind90=1.64*2*SEMAGREEMENT 

and MDCind95=1.96*2*SEMAGREEMENT, respectively. The MDCind95 (MDCind90, respectively) is defined as 

the minimal amount of change that needs to occur between repeated assessments in an individual to 

exceed, with 95% (90%) confidence, the error of the measurement [40]. The MDCgroup was calculated 

by dividing the MDCind by the square root of the number of subjects in the sample (
√

) [34]. 
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