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disease
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Abstract
Objective: To examine the measurement properties of the de Morton Mobility Index (DEMMI), a 
performance-based clinical outcome assessment of mobility capacity, in hospital patients with Parkinson’s 
disease.
Design: Cross-sectional study.
Participants: Hospital patients with Parkinson’s disease.
Main outcome measure(s): Structural validity and unidimensionality (Rasch analysis), construct 
validity, internal consistency reliability, and inter-rater reliability of the de Morton Mobility Index (scale 
range: 0–100 points) were established. The minimal detectable change, the 95% limits of agreement and 
possible floor and ceiling effects were calculated to indicate interpretability.
Results: We analysed validity (n = 100; mean age: 70 years; 71% male) and reliability (n = 47; mean age: 
71 years; 68% male) in two samples. The mean Hoehn and Yahr stage was 3.2 and the mean disease duration 
was 12 years in both samples. Rasch analysis indicated unidimensionality with an overall fit to the model 
(chi-square = 21.49, P = 0.122). Seventy-three percent of hypotheses on construct validity were confirmed. 
Internal consistency reliability (Cronbach’s alpha = 0.91) and inter-rater reliability (intraclass correlation 
coefficient = 0.88; 95% confidence interval: 0.80 to 0.93) were sufficient. The minimal detectable change 
with 90% confidence was 17.5 points and the limits of agreement were 31%. No floor or ceiling effects 
were observed. The mean administration time was 6.6 minutes.
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Introduction

Mobility assessment in people with Parkinson’s 
disease is advised in clinical practice guidelines,1,2 
especially to monitor disease progression, effec-
tiveness of medication changes, and efficacy of 
pharmacological and rehabilitation interventions, 
among others. The European physiotherapy guide-
line for Parkinson’s disease recommends a set of 
measurement instruments to assess balance and 
gait in people with Parkinson’s disease.1 However, 
no “gold standard” exists for the assessment of the 
above-mentioned two constructs and “mobility”.3,4 
Moreover, most of the available and recommended 
tools measure only one aspect of mobility, as 
defined by the World Health Organization,5 such 
as gait speed or ambulation, sit-to-stand transfers, 
or balance.

The de Morton Mobility Index (short form: 
DEMMI) is a performance-based, unidimensional, 
interval-level, and feasible outcome measure of 
older people’s mobility capacity. This clinical out-
come assessment was developed using the Rasch 
model,6,7 and there is strong evidence for high psy-
chometric quality in various health care settings 
and clinical populations.8–15 The de Morton 
Mobility Index form consists of one paper sheet 
and can be administered within 10 minutes without 
special equipment.8,11

Johnston et al.16 compared the de Morton 
Mobility Index with other commonly used activity-
related measures of mobility and balance in a pop-
ulation of community-dwelling people with 
Parkinson’s disease visiting an outpatient commu-
nity rehabilitation facility. Participants presented 
with a mild-to-moderate disease severity (modified 

Hoehn and Yahr staging between 2 and 3). The 
study provides first evidence for the de Morton 
Mobility Index as a promising measure of mobility 
capacity in people with Parkinson’s disease since a 
Rasch analysis confirmed unidimensionality.16 
However, the authors did not examine reliability, 
measurement error or interpretability. Furthermore, 
validity of the de Morton Mobility Index in more 
severely affected hospital inpatients with 
Parkinson’s disease remained unclear.

The aim of this study was to examine the psy-
chometric properties of the de Morton Mobility 
Index in people with Parkinson’s disease visiting a 
rehabilitation hospital by the means of modern 
methods of latent trait theory (Rasch analysis)6,7 
and methods of classical test theory.

Methods

Reporting of this study was informed by the 
STrengthening the Reporting of OBservational 
studies in Epidemiology (STROBE) guideline 
for observational studies,17 the Guidelines for 
Reporting Reliability and Agreement Studies 
(GRRAS)18 guideline for reliability studies, and 
criteria of the COnsensus-based Standards for 
the selection of health Measurement Instruments 
(COSMIN) risk of bias checklist.19

We performed a cross-sectional study on the 
psychometric properties of the de Morton Mobility 
Index in neurorehabilitation. This study was 
approved by the Local Committee for Ethics in 
Medical Research (Ethikkommission Kanton 
Thurgau, Switzerland; application 2013/13), per-
formed in accordance with the Helsinki Declaration 
of 1975 (as revised in 2013), was registered a 

Conclusion: This study provides evidence of unidimensionality, sufficient internal consistency reliability, 
inter-rater reliability, construct validity, and feasibility of the de Morton Mobility Index in hospital patients 
with Parkinson’s disease.
Trial registration: German Clinical Trials Register (DRKS00004681). Registered May 6, 2013.
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priori (German Clinical Trials Register: 
DRKS00004681), and all participants gave writ-
ten informed consent. Here, we report on struc-
tural and construct validity, internal consistency, 
inter-rater reliability, measurement error, inter-
pretability and feasibility of the de Morton 
Mobility Index in a sub-sample of participants 
with Parkinson’s disease.

The study was conducted at the Rehaklinik 
Zihlschlacht, a neurological rehabilitation center in 
Switzerland. Patients with Parkinson’s disease (all 
stages of disease severity) are typically referred to 
the center by acute hospitals, neurologist consult-
ants, or general practitioners located in the eastern 
and central parts of Switzerland. During inpatient 
rehabilitation, participants received multimodal, 
interprofessional and intensive rehabilitation, 
according to clinical practice guidelines.1 The 
study sample consisted of all inpatients present on 
May 8, 2013 or entering the rehabilitation center 

consecutively in the following 20 weeks. The inclu-
sion criteria were: (1) idiopathic Parkinson’s dis-
ease (ICD-10 code: G.20.0) and (2) ⩾18 years of 
age. The main exclusion criteria were severe cog-
nitive impairment and a contraindication for mobi-
lization (all criteria listed in Figure 1).

Eligible participants were examined by the pri-
mary investigator (TB), a physical therapist with 
five years of clinical and academic working expe-
rience. The primary investigator was blinded 
toward the mobility status of the participants. In a 
single session of 30 to 45 minutes, the de Morton 
Mobility Index and a comprehensive set of motor 
function measures were performed in a standard-
ized order, within seven days after hospital admis-
sion if possible (baseline). Socio-demographic 
data were sourced from the medical records. The 
Hoehn and Yahr stage (range: 0–5)20 was rated by 
the hospital neurologist. Higher stages indicate 
higher disease severity.

505 neurological inpa�ents in the hospital between 08.05.2013 and 27.09.2013

121 inpa�ents with Parkinson’s disease

Excluded (21)
� discharged before screening (1)
� met in OFF stage (1)
� met in instable medical condi	on (1)
� severe cogni	ve impairment (4)
� isola	on for infec	on (1)
� coma/insufficient vigilance (1)
� contraindica	on to mobilisa	on (1)
� planning issues (2)
� hospitalisa	on when planned for testing (1)
� no informed consent (8)

100 par�cipants assessed (validity sample)

47 par�cipants assessed (reliability sample)

Excluded: no Parkinson’s disease (384)

Addi�onal sample of 16 inpa�ents 
with Parkinson’s disease

Not assessed by second rater (69)
� no capacity (69)

Figure 1. Flow chart of study participants.
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Inter-rater reliability was examined between 
two physiotherapists, the primary investigator (TB) 
and a second rater (DM) with 25 years of clinical 
working experience. Both raters had substantial 
practical and theoretical experience and knowledge 
in the use of outcome measures, and the de Morton 
Mobility Index in particular, as both raters had pre-
viously administered the measure approximately 
100 times in clinical care.

The second rater performed the de Morton 
Mobility Index independently in a convenient sub-
sample (reliability sample). Selection was mainly 
based on the availability of the second rater (tem-
poral resources) and on participants’ consent to 
perform a second assessment. Both measures were 
performed within two days. To create a stable retest 
situation, participants were excluded if they 
reported a change in their physical and mental con-
dition (e.g. fatigue or pain) with respect to the first 
session. The test environment (patient’s room) was 
similar for both sessions. Both measures (baseline 
and retest) were performed in the patient’s ON 
stage. Both raters were blinded to the results of the 
other. While randomization of the order of asses-
sors was not possible due to the clinical procedures, 
we tried to balance the number of participants each 
assessor visited first. Therefore, we aimed for half 
of the participants to be assessed by the principal 
investigator first.

Within the initial recruitment period (20 weeks), 
we did not reach a “good” sample size of 50 par-
ticipants for the reliability analysis.21,22 Hence, we 
set up a second recruitment period and screened all 
present and incoming patients over a period of nine 
consecutive days. The inclusion criteria were simi-
lar. The included sample of convenience was used 
for the inter-rater reliability analysis only.

Participants were assessed with the de Morton 
Mobility Index and a set of functional assessments 
(listed in Table 1). The de Morton Mobility Index is 
a performance-based bedside assessment of mobil-
ity capacity, consisting of 15 hierarchical mobility 
items.8 The patient is asked to perform functional 
tasks associated with bed and chair mobility, ambu-
lation, static balance, and dynamic balance. The 
items are rated with 2-or 3-point response options, 
resulting in a maximum ordinal score of 19 points. 

This raw score can be transformed into a total 
interval score of 0 to 100 points, with higher scores 
indicating a higher level of mobility. We used a 
validated German language translation.11,12,23

Detailed descriptions of the assessment proce-
dures and the comparator instruments are given in 
Supplemental File 1. Table 1 provides an overview 
of the scale width and constructs measured by the 
comparator instruments.

Data were analysed using SPSS version 21.0 
and Microsoft Excel (Professional Plus 2016) for 
all analyses except the Rasch analysis, which was 
completed using RUMM2030 version 5.1 soft-
ware. Descriptive statistics were used to present 
sample characteristics. Interval-based data were 
examined for normal distribution with the Shapiro-
Wilk test of normality and by visual inspection of 
the related histograms and p-p-plots. As the de 
Morton Mobility Index scores were not normally 
distributed (P < 0.001), only non-parametric statis-
tics were applied. A significance value of 5% was 
used throughout.

The de Morton Mobility Index was developed 
based on the Rasch model6 in older acute medical 
patients.8 Data fitted the model in various other 
medical conditions12,13,15,24 and in people with 
Parkinson’s disease living in the community.16 The 
Rasch model is a probabilistic model that asserts 
that item response is a logistic function of item dif-
ficulty and person ability.6

We initially performed a Rasch analysis to check 
if the unidimensionality, hierarchical order, internal 
validity, and logistic item structure of the de Morton 
Mobility Index remain valid in people with 
Parkinson’s disease. Overall fit of data to the model 
was deemed acceptable if a set of criteria was ful-
filled (Supplemental File 2). Full details of the 
Rasch analysis process are given elsewhere.7,25 
Reporting followed established recommendations.7

A target sample size of at least 100 was set for 
this study to provide 95% confidence within ±0.5 
logits.26 The unrestricted (partial credit) Rasch pol-
ytomous model was used with a conditional pair-
wise parameter estimation.

Construct validity was assessed by following 
the methodological approach of hypotheses test-
ing, since there is no “gold standard” to measure 
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the construct of mobility capacity.21,22 We used the 
other functional outcomes as well as participants’ 
clinical information to assess the construct validity 
of the de Morton Mobility Index. Aspects of con-
vergent and known-groups validity were used to 
formulate 15 hypotheses (H1 to H15).22,27 All 
hypotheses were formulated a priori, based on 
existing literature and clinical expertise of clini-
cians and the research team.8,12,13,16,23 Formulated 
and shortened versions of all hypotheses are pre-
sented in Supplemental File 2 and Table 1, respec-
tively. Detailed information on the statistical 
analyses and interpretations of hypotheses testing 
are given in Supplemental File 2. A target sample 
size of at least 100 participants was set.28

Cronbach’s alpha, a measure of internal consist-
ency for a unidimensional scale, was derived from 
the validity sample because of its large sample 
size.22 An outcome between 0.7 and 0.95 was con-
sidered acceptable.22

Inter-rater reliability was examined using the 
intra-class correlation coefficient (ICC) model 2.1 
(two-way random effects model; ICCAGREEMENT).27 
ICC ⩾0.7 was deemed acceptable.22 The standard 
error of measurement (SEMAGREEMENT) was calcu-
lated27 and deemed satisfactory if it was ⩽10% of 
the total scale range (100 points).29 The absolute 
and relative agreement between both raters per 
item was calculated as percentage (%) and as 
weighted kappa with linear weights (ƙ), respec-
tively.27 Agreement per item equal to or above 70% 
and ƙ ⩾0.70 were considered acceptable.22 
Additional information on reliability statistics is 
given in Supplemental File 2.

The method of Bland and Altman was used to 
illustrate agreement between the two raters.30 The 
minimal detectable change (MDC) values with 
90% and 95% confidence were calculated.31 A 
floor or ceiling effect was considered if ⩾15% of 
the participants scored the highest or lowest possi-
ble de Morton Mobility Index score.22 Supplemental 
File 2 provides more information on the statistical 
methods.

To assess feasibility, we calculated the mean 
administration time for the de Morton Mobility 
Index in minutes, and related the administration 
time to the functional status of the participants. We 
documented any adverse event, such as falls, 

reports of pain, untypical and severe changes in 
muscle tone, or significant fatigue.

Results

One-hundred inpatients with Parkinson’s disease 
were assessed within the first recruitment period 
for the validity sample. For the inter-rater reliabil-
ity analysis, 47 participants were included (flow of 
the participants in Figure 1; participants’ demo-
graphics in Table 2).

The mean (SD) age of the participants was 70 (9) 
years, most showed moderate (n = 52; 52%) or 
severe (n = 37; 37%) symptoms according to Hoehn 
and Yahr staging (stage 3 and 4, respectively), and 
53% (n = 53) of the participants were not able to 
walk or needed a walking aid. Eighty-one percent 
of the participants were assessed within seven days 
after hospital admission, and 95% within 14 days. 
None of the de Morton Mobility Index assessments 
in this study contained missing items (distributions 
of scores illustrated in Supplemental Figure 1). 
Table 1 includes the mobility related outcomes for 
all comparator instruments.

Rasch analysis was performed on the complete 
de Morton Mobility Index item sets of 100 partici-
pants and on the complete 15-item scale. Overall fit 
to the model was achieved with a non-significant 
chi-square value (21.49, degrees of freedom = 15, 
P = 0.122). There were no mis-fitting persons and no 
mis-fitting items as all person-fit and item-fit residu-
als were within ±2.5. The mean item-fit residual 
and person-fit residuals were −0.35 ± 0.34 and 
−0.14 ± 0.16, respectively. There were no disor-
dered thresholds, indicating that the responses to the 
items were consistent with the metric estimate of the 
underlying construct of mobility. The Person 
Separation Index was 0.86. Unidimensionality was 
further confirmed with 2.2% (95% confidence inter-
val (CI): 0 to 6.7) significant independent t-tests at 
the person level. Data were free of local depend-
ency. There was no Differential Item Functioning by 
sex, age, or cognitive impairment, indicating that 
none of these factors caused item bias. Overall, the 
respondents exhibited a higher level of mobility (3.1 
logits) than the scale average (0.0 logits) (Figure 2).

The item hierarchy of the de Morton Mobility 
Index in the sample of inpatients with Parkinson’s 
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disease compared to that of the development sam-
ple (geriatric inpatients)8 is illustrated in Figure 3. 
A high positive logit location (e.g. tandem standing 
eyes closed) indicates harder item difficulty com-
pared to a negative logit location (e.g. sit to stand). 
Deviations from the original item hierarchy are 
indicated by non-overlapping 95% confidence 
bands in five items.

The analyses on construct validity showed that 
11 (73%) of the 15 a priori stated hypotheses about 
correlations of the de Morton Mobility Index with 
other clinical measures and known-group differ-
ences were confirmed (Table 1).

Cronbach’s alpha of the de Morton Mobility 
Index was 0.91, indicating sufficient internal con-
sistency reliability.

Rater 1 (TB) administered the first de Morton 
Mobility Index measure in 32 of 47 participants 

(68%). Both measures were performed on the same 
day in 29 participants (62%), and within two days 
in 18 participants (38%). No statistically signifi-
cant mean differences were observed in the scores 
between both assessors (0.3 points; 95% CI: −2.9 
to 3.4; P = 0.87). The ICCAGREEMENT was 0.88 (95% 
CI: 0.80 to 0.93).

The SEMAGREEMENT was 7.5 points and consid-
ered acceptable (7.5% of the total scale range of the 
de Morton Mobility Index).

The absolute and relative agreement per item 
are presented in the table in Supplemental File 3. 
There was no de Morton Mobility Index item with 
absolute agreement <70% (range from 72% to 
100%; Supplemental Figure 2), but 10 items with ƙ 
<0.7 (range from 0.30 to 1.0).

The Bland-Altman plot is illustrated in Figure 4. 
Data were heteroscedastic (τ = 0.20) and differences 

Table 2. Baseline characteristics of the participants with Parkinson’s disease by sample.

Characteristic Validity sample (n = 100) Reliability sample (n = 47)

Age in years 70 ± 9 (34–90) 71 ± 10 (34–85)
Mini Mental State Examination, points 25 ± 5 (5–30) (n = 98) 25 ± 4 (12–30) (n = 46)
Male gender 71 (71%) 32 (68%)
Hoehn & Yahr stage 3.2 ± 0.8 (1–5) 3.2 ± 0.9 (1–5)
 Stage I 4 (4%) 3 (6%)
 Stage II 7 (7%) 2 (4%)
 Stage III 52 (52%) 23 (49%)
 Stage IV 35 (35%) 18 (38%)
 Stage V 2 (2%) 1 (2%)
Unified Parkinson Disease Rating Scale 
part II: activities of daily living, 0–52 points

16 ± 6 (3–36) (n = 83) 15 ± 6 (3–33) (n = 27)

Unified Parkinson Disease Rating Scale 
part III: motor evaluation, 0–108 points

31 ± 11 (6–65) (n = 83) 30 ± 8 (17–47) (n = 27)

Disease duration, years
 Mean, SD (range) 12 ± 7 (1–44) 12 ± 9 (1–44)
 Median (IQR) 10 (7–16) 10 (6–16)
Time since admission at baseline assessment in days
 Mean, SD (range) 5 ± 7 (1–50) 8 ± 8 (1–35)
 Median (IQR) 3 (2–7) 6 (3–10)
Walking aid  
 None 47 (47%) 22 (47%)
 Rollator/walker 35 (35%) 17 (36%)
 One cane/stick 6 (6%) 2 (4%)
 Two crutches/walking sticks 5 (5%) 4 (9%)
 Not ambulatory/wheelchair 7 (7%) 2 (4%)
de Morton Mobility Index, points 63 ± 22 (0–100) 64 ± 23 (0–100)

Values are mean ± standard deviation (range), median (interquartile range) or absolute numbers (%).
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Person-item threshold distribution
(grouping set to interval length of 0.2 making 120 groups)

No. Mean SD
Total [100] 3.058 3.933

20%

15%

10%

5%

0%

0.0%

26.3%

52.6%

Figure 2. Person-item distribution of the de Morton Mobility Index.

Figure 3. Item logit location (with 95% confidence intervals) and item hierarchy of difficulty for the sample of 
rehabilitation inpatients with Parkinson’s disease and the original older acute geriatric sample de Morton Mobility 
Index data.8 A high positive logit location (e.g. standing on toes) indicates harder item difficulty compared to 
a negative logit location (e.g. roll). Deviation from the original hierarchy is indicated by non-overlapping 95% 
confidence bands.
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were not normally distributed (P = 0.03). The 95% 
limits of agreement were 0.31X+0.3 and 
−0.31X+0.3, respectively, with X denoting the 
mean score.

The minimal detectable change values were 17.5 
(MDC90) and 20.9 (MDC95) points, respectively.

Supplemental Figure 1 illustrates that neither 
absolute floor nor ceiling effects occurred, since three 
participants (3%) scored 0 de Morton Mobility Index 
points and six participants (6%) scored 100 points.

The mean administration time of 100 de Morton 
Mobility Index assessments was 6.6 ± 1.8 minutes 
(range: 2–12) (Figure 5). In non-ambulant or 
dependent walkers (n = 23) and independent walk-
ers (n = 77), the de Morton Mobility Index adminis-
tration time was 8.2 ± 2.5 and 6.2 ± 1.3 minutes, 
respectively. No adverse events occurred in any de 
Morton Mobility Index assessment.

Discussion

The Rasch analysis confirmed structural validity in 
terms of unidimensionality, hierarchical order, and 
logistic item structure of the de Morton Mobility 
Index, and these results have also been reported for 
various other geriatric8,12,13,24 and neurological 
populations.15,16 Notably, evidence of unidimen-
sionality is highly important, since clinicians and 
researchers can be confident that the de Morton 
Mobility Index measures one single underlying 
construct (mobility capacity) in hospital patients 
with Parkinson’s disease.

The de Morton Mobility Index showed moder-
ate to strong correlations with other validated and 
established measures of mobility, balance and 
ambulation, indicating good construct validity. 
However, four (27%) of the a priori stated hypoth-
eses were not confirmed. These hypotheses con-
cern correlations between the de Morton Mobility 
Index and measures of lower limb strength (chair 
rise time), activities of daily living and motor func-
tioning (Unified Parkinson Disease Rating Scale 
part II and III, respectively), and freezing of gait 
(Freezing of Gait Questionnaire). These measures 
assess constructs which are different from, but 
somehow related to mobility capacity. For three 
correlations, the 95% confidence intervals crossed 
the hypothesized correlation borders.

Cronbach’s alpha (0.91) was within the pro-
posed range of 0.70 to 0.95.22 Thus, the internal 
consistency reliability of the de Morton Mobility 
Index in people with Parkinson’s disease can be 
judged as excellent.

An intra-class correlation coefficient value of 
⩾0.7 is considered sufficient for group comparisons, 
and a value of ⩾0.90 is an indicator of acceptable 
reliability for individual-level monitoring.22,32 In 
people with Parkinson’s disease, the inter-rater relia-
bility of the de Morton Mobility Index (ICC = 0.88) 
was sufficiently high for group comparisons, and this 
reliability estimation is comparable to other inter-
rater reliability estimations reported between 0.85 
and 0.94.8,13,33,34 However, the de Morton Mobility 
Index seems limited for individual-level monitoring 
of mobility alterations over time if two assessors are 
involved. This interpretation is supported by the rela-
tively large measurement error of 31% (limits of 
agreement) and 17.5 points (minimal detectable 
change with 90% confidence). The latter value is 
considerably higher than the minimal detectable 
change range of 6 to 10 points reported for older  
adults.8,12,14,33,35 A possible explanation could be the 
high level of heterogeneity in mobility in the included 
participants with Parkinson’s disease, indicated by 
the relatively large standard deviation of 22 points for 
the reliability sample (35% of the mean score). The 
standard error of measurement of 7.5 points, how-
ever, was acceptable29 and there was no item with 
absolute agreement <70%. Provided that all asses-
sors carefully synchronize before clinical use, the de 
Morton Mobility Index can be reliably administered 
by different assessors in hospital patients with 
Parkinson’s disease.

This study provides evidence of the applicabil-
ity of the de Morton Mobility Index over the whole 
mobility spectrum of individuals with Parkinson’s 
disease, since no floor or ceiling effects occurred 
at hospital admission. This result is in line with 
findings of Johnston et al.,16 who also reported no 
floor or ceiling effects in outpatient people with 
Parkinson’s disease.

The mean administration time of 6.6 minutes 
(range: 2–12) is comparable to other estimations of 
5 to 10 minutes.8,12,13,15 Administration times for 
the de Morton Mobility Index of 5 to 10 minutes 
seem realistic in most individuals with Parkinson’s 
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Figure 4. Bland-Altman plot of de Morton Mobility Index (DEMMI) scores by two raters. The x-axis represents 
the mean sores of the raters and the y-axis represents the difference between the raters. The dotted black line 
represents the mean difference between both measures; dotted red lines represent the 95% upper and lower limits 
of agreement. The bar chart on the right side illustrates the frequency of differences between the two raters.

Figure 5. Administration time of the de Morton Mobility Index according to scale range.

disease. High feasibility and short administration 
times of outcome measures facilitate routine clini-
cal application and enlarge therapy time.

We used a combination of modern methods of 
latent trait theory (Rasch analysis) and methods of 
classical test theory to examine, for the first time, a 
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broad set of measurement properties of the de Morton 
Mobility Index in a consecutive sample of hospital 
inpatients with Parkinson’s disease. The participants 
presented with a wide spectrum of disability, and 
most participants were in the moderate-to-severe dis-
ease stage (Hoehn and Yahr range from 1 to 5; 89% 
in stage 3 to 5). However, the external validity of this 
study might be limited since the data were collected 
from a single rehabilitation hospital only.

The sample size of 100 participants for the Rasch, 
construct validity, and internal consistency analyses 
seems sufficiently large26,28 and strengthens our 
findings. The size of the inter-rater reliability sample 
(n = 47) was slightly lower than intended.21

Stratford et al. recommended using data of sta-
ble patients to calculate measurement error over 
time.27,31 The calculation of minimal detectable 
change values performed in this study included the 
inter-rater variance and the participants’ intra-indi-
vidual variance. Thus, the comparably large mini-
mal detectable change value of 17.5 points might 
be biased and overestimated by the inter-rater vari-
ance included in the intra-class correlation coeffi-
cient value. Our minimal detectable change 
estimations should be considered with caution and 
verified by future studies, which should use test-
retest reliability data of stable patients generated by 
a single assessor.

This study provides evidence of unidimension-
ality, structural and construct validity, internal 
consistency reliability, inter-rater reliability, and 
feasibility of the de Morton Mobility Index in 
hospital patients with Parkinson’s disease. The 
lack of any floor or ceiling effects on hospital 
admission indicates clinical value and applicabil-
ity across the whole mobility spectrum. The de 
Morton Mobility Index can be administered with-
out any special equipment, license charge, or long 
training period, and the administration time of the 
test is short. These advantages address some of 
the barriers to the use of measurement instru-
ments,36,37 and may facilitate the application of 
this mobility measure in clinical care and research 
studies. Further research should focus on the 
measurement properties that are still unknown in 

people with Parkinson’s disease, such as respon-
siveness, minimal important change values, and 
prognostic validity. Since there are many meas-
ures available to measure mobility capacity of 
people with Parkinson’s disease, the psychomet-
ric quality and clinical utility of the de Morton 
Mobility Index should be compared to other 
measures in systematic reviews that follow rec-
ommended methods.38

Given consistently sufficient measurement 
properties of the de Morton Mobility Index’ across 
a variety of geriatric and neurological populations, 
this outcome assessment has the potential for clini-
cal implementation, especially in clinical settings 
with (mixed) populations suffering from mobility 
limitations due to neurological and age-related 
conditions. In conclusion, the de Morton Mobility 
Index is a useful performance-based bedside test to 
measure mobility in hospital patients with 
Parkinson’s disease.

Clinical messages

•• The de Morton Mobility Index is a con-
structually valid, reliable and unidimen-
sional measure of mobility in hospital 
patients with Parkinson’s disease.

•• Short administration times, no need for 
special equipment, simple and straightfor-
ward items together with an easy scoring 
system indicate high feasibility.
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