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Background. Intensive care unit (ICU) stays often lead to reduced physical functioning.
Change in physical functioning in patients in the ICU is inadequately assessed through available
instruments. The de Morton Mobility Index (DEMMI), developed to assess mobility in elderly
hospitalized patients, is promising for use in patients who are critically ill.

Objective. The aim of this study was to evaluate the clinimetric properties of the DEMMI
for patients in the ICU.

Design. A prospective, observational reliability and validity study was conducted.

Methods. To evaluate interrater and intrarater reliability (intraclass correlation coeffi-
cients), patients admitted to the ICU were assessed with the DEMMI during and after ICU stay.
Validity was evaluated by correlating the DEMMI with the Barthel Index (BI), the Katz Index
of Independence in Activities of Daily Living (Katz ADL), and manual muscle testing (MMT).
Feasibility was evaluated based on the percentage of participants in which the DEMMI could
be assessed, the floor and ceiling effects, and the number of adverse events.

Results. One hundred fifteen participants were included (Acute Physiology and Chronic
Health Evaluation II [APACHE II] mean score�15.2 and Sepsis-related Organ Failure Assess-
ment [SOFA] mean score�7). Interrater reliability was .93 in the ICU and .97 on the wards,
whereas intrarater reliability during the ICU stay was .68. Validity (Spearman rho coefficient)
during the ICU stay was .56, �.45, and .57 for the BI, Katz ADL, and MMT, respectively. The
DEMMI showed low floor and ceiling effects (2.6%) during and after ICU discharge. There were
no major adverse events.

Limitations. Rapid changes in participants’ health status may have led to underestimation
of intrarater reliability.

Conclusion. The DEMMI was found to be clinically feasible, reliable, and valid for
measuring mobility in an ICU population. Therefore, the DEMMI should be considered a
preferred instrument for measuring mobility in patients during and after their ICU stay.
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Due to critical illness and pro-
longed inactivity, survivors of the
intensive care unit (ICU) often

show decreased physical functioning
and mobility, limiting their daily activi-
ties and quality of life.1–3 Previous
research has shown the effectiveness of
physical therapy interventions in
patients who are critically ill. Early stim-
ulation of physical activity and mobiliza-
tion decreased the duration of mechani-
cal ventilation, delirium, and length of
stay in the ICU and hospital and
improved physical functioning and qual-
ity of life.4–7

To facilitate physical therapy goal setting
and the evaluation of the recovery pro-
cess in patients in the ICU, an accurate
assessment of physical activities of
patients in the ICU based on the domains
of the International Classification of
Functioning, Disability and Health
(ICF) framework is required.8,9 The ICF
framework consists of 3 core domains to
describe the level of functioning: (1)
body functions and structures, (2) activ-
ities, and (3) participation.8,9 It also has
been proposed as a model in which mea-
surements can be organized.8,9 Measur-
ing physical activities in patients in the
ICU is complex due to the different
stages of the disease, which influences
task completion, coordination, process-
ing of visual information, and central and
peripheral motor drive.8 The instru-
ments frequently used for physical mea-
suring activities within the ICF domain in
the ICU are the Barthel Index (BI), the
Katz Index of Independence in Activities
of Daily Living (Katz ADL), the Physical
Function ICU Test (PFIT), and the Func-
tional Status Score for the Intensive Care
Unit (FSS-ICU).

The BI and the Katz ADL are frequently
used to measure activities in clinical set-
tings and are reliable and valid tools,
measuring physical performance capac-
ity of 10 basic activities of daily living
(ADL).10,11 These are multidimensional
instruments for measuring ADL tasks (eg,
transfers, mobility, stair climbing), but
some activities are not applicable for all
patients in the ICU (eg, bladder and
bowel function, bathing, clothing, stair
climbing). The PFIT is also a reliable and
valid instrument (intraclass correlation

coefficient [ICC]�1, minimal clinically
important difference�1.5/10 points) for
measuring physical activities (eg, muscle
strength, coming to a standing position,
walking) in patients in the ICU.12

Patients entering the ICU who are not
capable of performing transfers or com-
ing to a standing position may not be
able to perform the activities tested by
the PFIT. The PFIT contains items that
are too difficult for many patients who
are critically ill, such as performing out-
of-bed tasks, resulting in notable floor
effects within the ICU and ceiling effects
from 20% at discharge.12 The FSS-ICU is
primarily designed to measure the phys-
ical performance of low-level activities
(eg, rolling, supine-to-sit transfers,
unsupported sitting, sit-to-stand trans-
fers, ambulation).13 Clinimetric proper-
ties of this instrument have not yet been
reported. In summary, the currently
available instruments are not fully appro-
priate for measuring the level of activities
of patients who are critically ill during
the various stages of recovery because
they include items that may be too diffi-
cult (eg, walking, dressing) or lack rele-
vant ICU activities such as bed mobility
skills (eg, rolling, transfer from supine to
sitting position, sitting balance).8 These
limitations result in “floor effects” (the
inability of a test to measure below a
certain point because its items are too
difficult) in scores observed in the ICU
and “ceiling effects” (the inability of a
test to measure above a certain point
because its items are too easy) after
discharge.8,14

The de Morton Mobility Index (DEMMI)
was originally developed to measure the
full range of mobility within the ICF
activity domain in elderly patients admit-
ted to the hospital.15 It consists of 15
hierarchical mobility items (3 bed, 3
chair, 4 static balance, 2 walking, and 3
dynamic balance items). The total score
is converted with Rasch analysis to an
interval score ranging from 0 to 100,
where 0 represents poor mobility and
100 indicates high levels of independent
mobility. The DEMMI is a freely available
at http://www.demmi.org.au. However,
it includes items that also appear to be
relevant and feasible for patients who are
critically ill in the ICU (eg, bed mobility
and transfers) and after ICU discharge

(eg, ambulation and jumping). It seems
feasible, therefore, to evaluate recovery
throughout the rehabilitation trajectory
during and after an ICU stay.8 The unidi-
mensionality of the DEMMI was con-
firmed by Rasch modelling, and the
instrument showed strong clinimetric
properties within a diverse range of
elderly people with acute and chronic
illnesses in different settings (clinical
ward, rehabilitation, and communi-
ty).15–20 A Dutch translation of the
DEMMI was validated and found to be
reliable.18

Due to the lack of a suitable instrument
for measuring activities in patients in the
ICU in detail, and in view of the promis-
ing measurement properties of the
DEMMI in various hospital populations
and rehabilitation and community set-
tings, the aim of this study was to evalu-
ate the feasibility, reliability, and validity,
focusing especially on floor and ceiling
effects of the DEMMI in a population in
the ICU.

Method
Study Design and Setting
This prospective, observational reliabil-
ity and validity study was performed in
the Academic Medical Center (AMC) in
Amsterdam, a 1,000 bed university hos-
pital with 34-bed mixed medical and sur-
gical format ICUs and medium intensive
care units (M-ICUs). Patients in the
M-ICU of the AMC characteristically are
off mechanical ventilation but still
require a high level of care and full-time
monitoring. Measurements were per-
formed within the ICU and M-ICU and
on the regular wards until hospital
discharge.

Participants
In a 3-month period (November 2013–
January 2014), we included all consecu-
tive adult patients (age 18 years or older)
admitted to the ICU and M-ICU who
were referred for physical therapy.
Patients admitted for 24 hours at the ICU
or M-ICU and for whom it was safe to
perform physical exercises according to
the safety criteria as described in the evi-
dence statement by Sommers et al21

(Appendix) were included in the study.
Exclusion criteria were neurological or
neurosurgical admission diagnosis, immi-
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nent death, and insufficient comprehen-
sion of the Dutch language. Sample size
calculations indicated that 101 partici-
pants were needed to estimate the ICC
statistics with 95% confidence (�0.2%)
around the point estimate, assumed to be
.70.22

Procedure
Participant characteristics (sex, age,
medical category, and Sepsis-related
Organ Failure Assessment [SOFA] score)
were recorded from the medical charts.
Participants were measured at 2 time
points: at admission to the ICU or M-ICU
(T0ICU and T0M-ICU) and after discharge
from the ICU or M-ICU at the regular
hospital ward (T1). The interrater reli-
ability of the DEMMI was evaluated by
simultaneous and independent measure-
ments by 2 physical therapists at T0 and
T1. The DEMMI was executed according
to the standard procedure as described
by de Morton at al.15 One physical ther-
apist provided the instructions and
guided the patient, while the other ther-
apist observed without interference.
Therapists were blinded from each oth-
er’s scoring forms. To examine intrarater
reliability, each measurement was
repeated by both assessors within a
1-hour assessment at T0 to reduce the
influence of fatigue and the occurrence
of rapid changes in medical conditions.
Data from all of the assessments were
entered into a database by a researcher
who was not involved in the assess-
ments. To evaluate validity, the BI, Katz
ADL, and manual muscle testing (MMT)
using the Medical Research Council sum-
score (MRC-SS) were administered by a
physical therapist at all assessment occa-
sions. The MRC-SS has a total score rang-
ing from 0 to 60 points obtained from
bilateral testing of 6 muscle groups,
where the minimal score is 0 (indicating
no muscular contraction) and the maxi-
mum score is 5 (indicating normal mus-
cle strength). In the sequence of per-
forming measures, we started with MMT,
followed by questioning items of the
Katz ADL and the BI and, after a rest
period of 30 minutes, measuring the
items of the DEMMI. All assessments
were performed by 6 trained and expe-
rienced ICU physical therapists involved
in the treatment of patients in the ICU.
The feasibility of the DEMMI was mea-

sured by recording the number of
patients who were referred for physical
therapy for whom the DEMMI could be
administered and the adverse events that
occurred during the measurements (eg,
fall to knees or ground, loss of conscious-
ness, cardiac arrest, dislodgement of
medical equipment) and by analysis of
floor and ceiling effects at the ICU and
the regular hospital ward.

Assessments
The raw DEMMI (a 15-item unidimen-
sional measure of mobility, ranging from
0 to 19 points) was Rasch converted to a
0 to 100 interval scale. A score of 0 indi-
cates no mobility, and a score of 100
points represents full mobility.15 The
Dutch-translated version of the original
DEMMI was used, which has shown
validity and reliability coefficients similar
to those of the original version.15,18 The
BI and the Katz ADL were used to assess
ADL.23 The BI consists of 10 items, rang-
ing from 0 to 20 points, with a higher
score indicating better functioning.24

This index includes 2 mobility-related

items that are also part of the DEMMI, as
well as additional items on ADL and
bladder- and bowel incontinence. The
Katz ADL consists of 6 items on ADL and
incontinence. A score of 0 indicates that
the patient is independent in performing
ADL, and a score of 6 points indicates full
dependence for these activities.25,26

Manual muscle testing was used to assess
muscle weakness and was performed
according to the scoring system of the
Medical Research Council scale for mus-
cle strength (MRC), in which a score of 0
indicates no contraction and the maxi-
mum score of 5 indicates contraction
against strong resistance.27,28 For mea-
suring the MRC-SS, 6 muscle groups
were assessed bilaterally: abduction of
the arm, flexion of the elbow, dorsiflex-
ion of the wrist, flexion of the hip, exten-
sion of the knee, and dorsiflexion of the
ankle. The total score ranges from 0 to 60
points; a cutoff point of �48 points was
used to indicate significant muscular
weakness, and a score of �36 points
indicates severe muscular weakness.28

Figure 1.
Flowchart of study population and measurements. T0�time of inclusion in either the inten-
sive care unit (ICU) or the medium ICU (M-ICU), T1�time after discharge from the ICU or
M-ICU at the regular hospital ward.
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The BI, Katz ADL, and MMT served as
convergent validity measures of the
DEMMI. To classify the severity of the
disease at ICU admission, the Acute Phys-
iology and Chronic Health Evaluation II
(APACHE II) score was used. The
APACHE II is a severity-of-disease classi-
fication system based on physiological
measurements, such as body tempera-
ture, respiratory rate, and white blood
cell count.29 The total score ranges from
0 to 71 points, where higher scores cor-
respond to more severe disease.29 The
APACHE II does not include items on
mobility; therefore, it was used to assess
the divergent validity of the DEMMI.

Data Analysis
The interrater and intrarater reliability of
the DEMMI total score were calculated
using the one-way random ICC model.
Kappa values were calculated to evaluate
the reproducibility of items with a binary
response scale, and weighted kappa val-
ues with quadratic weights were calcu-
lated for items 3, 5, 11, and 12, having a
polytomous response scale.

Convergent validity was calculated by
using Spearman rho correlation coeffi-
cients for the DEMMI with the BI, Katz
ADL, and MMT. Divergent validity was
evaluated likewise for the DEMMI with
the APACHE II score. A high correlation
was defined as having a rho correlation
coefficient of 1, a strong correlation was
defined as having a rho correlation coef-
ficient of .7 to .9, and a moderate corre-
lation was defined as having a rho corre-
lation coefficient between .4 and .6.30

Known-groups validity (that is, validity
for groups that would be expected to
differ in their mobility) of the DEMMI
was assessed using the following ICU-
acquired weakness (ICU-AW) categories:
MRC-SS cutoff point �36 (severe weak-
ness), MRC-SS cutoff point �48 (signifi-
cant weakness), and MRC-SS values
�48 (no weakness).28,31 The Kruskal-
Wallis test and eta-squared effect sizes
(ES; 0.02�small, 0.13�medium, and
�0.26�large) were used to assess the
ability of the DEMMI, BI, and Katz ADL to
detect differences in ICU-AW score
groups.32 Post hoc Mann-Whitney U tests
with Bonferroni corrections were per-
formed to analyze possible statistical dif-

ferences between the ICU-AW sub-
groups detected by the DEMMI.

Feasibility of the instruments in the ICU
sample (ie, their content validity or the
extent to which the measures are tar-
geted to the sample) was evaluated by
examining score distributions and by
plotting histograms with normal curves
and calculating the percentage of partic-
ipants with a minimum or maximum
score.

Sensitivity to change was analyzed by
calculating the minimal detectable
change at the 90% level of confidence
(MDC90). The MDC90 should suffice in
patients who are critically ill, where
safety criteria were already applied, and
to track improvement in rehabilitation.
By calculating the MDC90, comparison
with earlier reported sensitivity to

change is possible (eg, MDC90�8.9 in
study by de Morton et al15).33

All statistics were interpreted as signifi-
cant with P values of .05 or lower and
associated 95% confidence intervals
(95% CIs). Statistical analyses were per-
formed using IBM SPSS Statistics for Win-
dows version 20.0 (IBM Corp, Armonk,
New York).

Results
During the 3-month inclusion period,
361 patients were admitted to the ICU or
M-ICU; 246 of these patients were
excluded because they did not meet the
inclusion criteria (Fig. 1). In total, 115
eligible patients participated in this
study, of whom 77 (67%) were admitted
to the ICU and 38 (33%) to the M-ICU
(Tab. 1). Fifty-three percent of the
included patients were admitted due to

Table 1.
Characteristics of the Study Sample at Admission to the ICU and M-ICU (T0) and Regular
Hospital Wards (T1)a

Characteristic
T0ICU

n�77 (67%)
T0M-ICU

n�38 (33%)
T0Total

N�115 (100%)
T1

n�86 (75%)

Male, n (%) 55 (71) 22 (58) 77 (67) 53 (61.6)

Age (y), X (SD) 63 (15.8) 58 (16.6) 61 (16.1) 62 (14.7)

Medical category, n (%)

Medical 33 (42.9) 5 (13.2) 38 (33) 24 (27.9)

Nonelective surgery 11 (14.3) 5 (13.2) 16 (14) 14 (16.3)

Elective surgery 33 (42.9) 28 (73.7) 61 (53) 48 (55.8)

APACHE II, X (SD) 16.2 (4.6) 12.6 (4.4) 15.2 (4.8) N/A

SOFA, X (SD) 7 (3.7) 4 (2.3) 7 (3.6) N/A

DEMMI, median (IQR) 27 (22–32) 30 (24–36) 30 (24–33) 48 (33–62)

Barthel Index, median
(IQR)

3 (1–6) 5 (3–7) 4 (1–6) 11 (7–15)

Katz ADL, median (IQR) 5 (4–6) 4 (4–5) 4 (4–6) 2 (0–4)

MRC-SS, median (IQR) 52 (46.5–55.5) 54 (49.5–56) 52 (47–56) 55 (51–58)

No weakness, MRC-SS
48–60, n (%)

52 (67.5) 30 (78.9) 82 (71.3)b 74 (86)

Significant weakness,
MRC-SS 36–47,
n (%)

13 (16.9) 8 (21.1) 21 (18.3)b 10 (11.6)

Severe weakness, MRC-SS
�36, n (%)

8 (10.4) 0 (0) 8 (7)b 1 (1.2)

a ICU�intensive care unit, M-ICU�medium intensive care unit, T0ICU�time of inclusion in the intensive
care unit, T0M-ICU�time of inclusion in the M-ICU, T1�time after discharge from the intensive care
unit or M-ICU at the regular hospital ward, N/A�not available, IQR�interquartile range, APACHE
II�Acute Physiology and Chronic Health Evaluation II, SOFA�Sepsis-related Organ Failure Assessment,
DEMMI�de Morton Mobility Index, Katz ADL�Katz Index of Independence in Activities of Daily Living,
MRS-SS�Medical Research Council sum-score, MRC�Medical Research Council scale for muscle
strength as tested by manual muscle testing.
b MRC-SS scores missing for 4 participants (3.4%).
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elective surgery (scheduled thoracic and
abdominal surgery), 33% due to medical
indications (sepsis, respiratory insuffi-
ciency due to pneumonia, and infectious
diseases), and 14% due to nonelective
surgery. The baseline scores and inter-
quartile ranges of the DEMMI, BI, and
Katz ADL are presented in Table 1. Of
the 115 patients at T0, 86 were assessed
after a mean of 6 days (SD�9) at the
regular hospital wards at T1. A flowchart
of the study sample is provided in Figure
1. During the measurements at T0 and
T1, no major adverse events were
reported. The administration of the
DEMMI could be performed in all
patients in the ICU and in patients at the
regular hospital ward.

The interrater and intrarater reliability of
the DEMMI sum-scores and item scores

during the assessments are presented in
Table 2. The interrater reliability was .93
at T0 and .97 at T1. The intrarater reli-
ability was .68 at T0. Reproducibility of
the DEMMI items ranged from .52 for
item 4 (sit unsupported in chair) to 1.00
for items 9, 10, 13, and 15 (Tab. 2).
Similar kappa values were found at T1.

Convergent, divergent, and known-
groups validity coefficients are presented
in Table 3. For the BI, Katz ADL, and
MMT with the DEMMI, the convergent
validity coefficient was 0.56, �0.45, and
0.57, respectively, at T0 and 0.75, �0.76,
and 0.63, respectively, at T1. Divergent
correlation with the APACHE II score
was �0.18.

For known-groups validity, significant
differences (Kruskal-Wallis test, P�.001)
in DEMMI scores were observed among
the ICU-AW categories (Tab. 3). The eta-
squared ES for the relationship with
ICU-AW groups was 0.22 for the DEMMI,
0.14 for the BI, and 0.17 for the Katz ADL
at T0. These eta-squared ES values were
similar to those found at T1, as shown in
Table 3. Post hoc analysis showed that
the DEMMI was able to differentiate
among the 3 ICU-AW categories at T0
and T1 (Tab. 3). However, the DEMMI
showed no significant ability to differen-
tiate between severe and significant
weakness (P�1.00) at T1. Also, no sig-
nificant differences were observed
between the severe weakness group and
the no weakness group at T1.

The score distributions of the DEMMI,
Katz ADL, and BI for the different assess-
ment occasions are presented in Fig. 2.
At T0, a floor effect was shown in 30
participants (26.1%) in the Katz-ADL
results and in 10 participants (8.7%) for
the BI, whereas the DEMMI showed the
lowest proportion of the floor effect in 3
participants (2.6%). Ceiling effects were
observed only in the Katz ADL scores in
3 participants (2.6%) at T0 (Fig. 2A). At
T1, the DEMMI scores did not show a
floor effect, whereas the BI scores
showed one participant (0.9%) with the
lowest score. The Katz ADL had a floor
effect in 4 participants (3.5%). At T1, the
Katz ADL scores showed 22 participants
(19.1%) with a ceiling effect, whereas a
low ceiling effect was shown by the
DEMMI in 3 participants (2.6%), and the
BI did not show any ceiling effects
(Fig. 2B).

The MDC90 score for sensitivity to
change was 6.73 points at T0 (Tab. 4).
This value was similar to that at T1 at the
regular hospital ward, where 8.23 points
was found for the MDC90 score.

Discussion
In the present study, we showed that the
DEMMI is a feasible, reliable, and moder-
ately valid instrument with minimal floor
or ceiling effects to measure mobility
within the ICF activity domain in
patients who are critically ill in the ICU,
M-ICU, and regular hospital ward. The
intrarater and interrater reliability were

Table 2.
Clinimetric Properties of the DEMMI and Reproducibility of the DEMMI at Each
Assessmenta

Measure
T0

n�115
T1

n�86

Reliability

Interrater (ICC [1,1]) .93 (.91, .95) .97 (.96, .98)

Intrarater (ICC [1,1]) .68 (.46, .82) b

Agreement (� or �w)c

Item 1 (bridge) .79 .95

Item 2 (roll onto side) .87 .78

Item 3 (lying to sitting) .80 .92

Item 4 (sit unsupported in chair) .52 d

Item 5 (sit to stand from chair) .77 .94

Item 6 (sit to stand without using arms) .82 .91

Item 7 (stand unsupported) .91 1.00

Item 8 (stand with feet together) .86 1.00

Item 9 (stand on toes) 1.00 1.00

Item 10 (tandem stand with eyes closed) 1.00 .90

Item 11 (walking distance with/without gait aid) .96 .97

Item 12 (walking independence) .66 .95

Item 13 (pick up pen from floor) 1.00 .95

Item 14 (walks 4 steps backwards) .78 .94

Item 15 (jump) 1.00 .90

a ICC [1,1]�one-way random intraclass correlation coefficient, DEMMI�de Morton Mobility Index,
T0�time of inclusion in either the intensive care unit (ICU) or the medium ICU (M-ICU), T1�time after
discharge from the ICU or M-ICU at the regular hospital ward.
b Was not determined.
c Kappa (�) values were reported for all items, except for polytomous items 3, 5, 11, and 12, for which
weighted kappa (�w) values were reported.
d Could not be calculated due to low variances in scores.
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high on all assessment occasions, and the
validity of the DEMMI was shown by
moderately convergent correlations with
the Katz ADL, BI, and MMT and a low
divergent correlation with the APACHE
II. As a result, the DEMMI has shown
good clinimetric properties to assess
activity levels in patients who are criti-
cally ill.

Within the literature, other instruments
for measuring ADL or mobility, such as
the BI and the Katz ADL, have been
shown to be reliable and valid.2,14 How-
ever, they have the disadvantage of being
multidimensional, including several
items (eg, bladder, bowel) nonrelevant
to patients within the ICU. These items
are scored negatively during ICU stay,
leading to a floor effect in the ICU. The
Physical Function ICU Test short version
(PFIT) and the FSS-ICU are recently
developed instruments measuring unidi-
mensional mobility in patients in the
ICU.12,13 The clinimetric properties of
the PFIT have been studied, and the
applicability in a population in the ICU
was confirmed by Rasch modeling.12,34

Nonetheless, it contains items that are
too difficult for many patients in the ICU,
resulting in notable floor effects in the
ICU. The ceiling effects at discharge
(20%) were probably caused by the
highest-order item of the PFIT (ie, march-
ing), whereas other higher-order tasks
(eg, walking away from the bed) were
possibly needed to realize a lower ceiling
effect.12 The FSS-ICU seems appropriate
for the use in patients who are critically
ill, as it includes relevant ICU functional

tasks, such as rolling, supine-to-sit trans-
fers, sitting at the edge of bed, and sit-to-
stand transfers. However, the reliability
and validity of the FSS-ICU in an ICU
setting and other settings have not been
reported.8,35

Our results illustrate that the DEMMI
does not share these limitations due to
the range of items in the ICU or regular
hospital wards. The DEMMI could be
administered in all patients in the ICU
and in patients at the regular hospital
ward. Moreover, in a recent systematic
review by Parry et al,8 a schematic guide
for the use of outcome measures for
patients who are critically ill within the
ICF framework was recommended.
Based on the clinimetric properties in
various populations outside the ICU, the
DEMMI was proposed for the measure-
ment of mobility after ICU discharge at
the regular ward and after return to the
community.8 Our study showed good
clinimetric properties and feasibility of

the DEMMI when used in patients who
are critically ill in the ICU and, therefore,
should be considered as a standard clini-
metric tool.

The clinimetric properties of the DEMMI
found in the present study are similar to
those found in previous studies. De Mor-
ton et al17 found a reliability coefficient
of .87 in a general medical population.
Other research groups confirmed these
results in a different general elderly pop-
ulation with knee or hip osteoarthritis.18

The research group of de Morton et al15

showed comparable results regarding
the validity of the DEMMI, with a corre-
lation of .68 with the BI, as well as
regarding the divergent validity, showing
a correlation of .07 with the APACHE II.
The MDC90 in our study was lower than
that reported by de Morton et al.16

Our study had some intrinsic limitations.
Our results were based on a mixed

Table 3.
Clinimetric Properties of the DEMMI and Validity of the DEMMI at Each Assessmenta

Measure
T0

n�115
T1

n�86

Convergent validity (rho, 95% CI)

Barthel index 0.56 (0.42, 0.67) 0.75 (0.63, 0.83)

Katz ADL �0.45 (�0.59, �0.29) �0.76 (�0.84, �0.65)

MMT (MRC-SS) 0.57 (0.43, 0.69) 0.63 (0.48, 0.75)

Divergent validity (rho, 95% CI)

APACHE II (n�97) �0.18 (�0.36, 0.01) N/A

Known-groups differencesb by MRC-SS groupsc

DEMMI, ES (P value) 0.21 (P�.001) 0.20 (P�.001)

Barthel Index, ES (P value) 0.14 (P�.001) 0.15 (P�.002)

Katz ADL, ES (P value) 0.17 (P�.001) 0.16 (P�.001)

Post hoc known-groups differences for the
DEMMId

Severe weakness vs significant weaknessb P�.03 P�1.00

Severe weakness vs no weaknessb P�.001 P�.21

Significant weakness vs no weaknessb P�.07 P�.001

a DEMMI�de Morton Mobility Index, T0�time of inclusion in either the intensive care unit (ICU) or
the medium ICU (M-ICU), T1�time after discharge from the ICU or M-ICU at the regular hospital
ward, CI�confidence interval, Katz ADL�Katz Index of Independence in Activities of Daily Living,
MMT�manual muscle testing, MRS-SS�Medical Research Council sum-score, APACHE II�Acute
Physiology and Chronic Health Evaluation II, ES�effect size, N/A�not available.
b Known-groups validity shown by eta-squared ES values, and P values were used to detect difference
in ICU-acquired weakness (ICU-AW) score groups with the various measurements.
c Known-groups validity based on the MRC-SS groups: no weakness (48–60 points), significant
weakness (36–47 points), severe weakness (�36 points).
d Post hoc analysis based on Mann-Whitney U scores with Bonferroni corrections; P values were
reported.

Table 4.
Clinimetric Properties of the DEMMI and
Sensitivity to Change of the DEMMI at
Each Assessmenta

Measure T0 T1

n 115 86

SD 10.85 20.76

SEM 2.89 3.54

MDC90 6.73 8.23

a DEMMI�de Morton Mobility Index, T0�time of
inclusion in either the intensive care unit (ICU) or
the medium ICU (M-ICU), T1�time after
discharge from the ICU or M-ICU at the regular
hospital ward, SD�pooled standard deviation
between raters, SEM�standard error of the
measurement, MDC90�minimal detectable
change at 90% level of confidence.
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patient group (n�115) with a mean
APACHE II score of 15.2 at T0. This rel-
atively low severity of illness score at ICU
admission could be attributed to the
large group of patients with elective sur-
gery. In our sample, some of these
patients developed severe complica-
tions, such as sepsis, acute respiratory
distress syndrome, and multiple organ

failure, regardless of the low APACHE II
score at admission. These findings are
illustrated by the calculated SOFA score,
representing the severity of illness score
for hospital mortality and morbidity
(mean�7, SD�3.6). In calculating the
interrater and intrarater reliability, the
study sample size (n�115) is comparable
to that of other reliability studies of

the DEMMI.15–17 To improve the gener-
alizability of our study, increasing the
sample size and inclusion of multiple ICU
hospitals and other clinical wards would
have been preferable.

Another consideration in this study was
that physical assessment in patients in

Figure 2.
Floor and ceiling effects of the de Morton Mobility Index (DEMMI), Barthel Index, and Katz Index of Independence in Activities of Daily Living
(Katz ADL) (A) at time of inclusion in either the intensive care unit (ICU) or the medium ICU (M-ICU) (T0) and (B) at time after discharge from
the ICU or M-ICU at the regular hospital ward (T1).
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the ICU is complicated due to critical
pulmonary and hemodynamic conditions
necessitating medication and invasive
equipment. In addition, due to critical
illness, this medical situation might
change rapidly.36 This factor might have
biased the results with respect to the
intrarater reliability. We found that the
intrarater reliability was lower
than the interrater reliability. This find-
ing also might have been the cause of a
relatively low ICC of the intrarater reli-
ability below .9 at T0, as these measure-
ments were performed within 1 hour
due to the fact that the DEMMI should be
administered in total at the same time. In
this critically ill population, it is
expected that the ability to perform
mobility activities will change within an
hour due to fatigue and exertion.
Another limitation is that we did not
determine the intrarater reliability at T1
because we anticipated practical feasibil-
ity issues for the repeated measurements
in patients on the regular ward. Based on
a previous study by de Morton et al17

showing high intrarater reliability (Pear-
son r�.86) in elderly patients with frailty
at a hospital ward, we assumed high
intrarater reliability on the regular ward
because of the stabilized pulmonary and
hemodynamic conditions of the patients
compared with the ICU situation. Finally,
this study could be criticized for the loss
to follow-up, primarily due to early hos-
pital discharge or mortality (Fig. 1). We
do not think that the loss to follow-up
biased our results because the remaining
sample size retained sufficient power to
perform the analysis.

The DEMMI provides the physical thera-
pist with accurate and reliable informa-
tion on the level of mobility in patients in
the ICU. Its clinimetric properties and
the range of items indicate that the
DEMMI is a clinically feasible instrument.
Due to minimal floor or ceiling effects, it
has great potential to be used throughout
the rehabilitation process of patients
who are critically ill.

The ICU health care team, therefore,
should recommend measuring the func-
tional status of patients in the ICU at
each stage of critical illness within the
ICU and hospital regular wards until dis-
charge. Further research is indicated to

evaluate the hierarchical structure of the
mobility items in the DEMMI in an ICU
population.
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Appendix.
Summary of Contraindications for Physical Therapy21,a

● Heart rate
� Recent myocardial ischemia
� Heart rate frequency �40 or �130 beats per minute

● Blood pressure
� MAP �60 mm Hg or �110 mm Hg

● Oxygen saturation
� SpO2 �90%

● Mechanical ventilation
� FIO2 �0.6 (60%)
� PEEP �10 cm H2O

● Respiratory frequency
� Frequency �40 breaths per minute

● Level of consciousness
� RASS score �4, �5, 3, or 4

● Inotropic support
� Doses of dopamine �10 mcg/kg/min
� Doses of noradrenaline �0.1 mcg/kg/min

● Temperature
� �38.5°C
� �36°C

● Other
� Clinical expertise (ie, sweating, abnormal face color, pain, fatigue)
� Surgical contraindications (ie, unstable fractures, open abdomen)
� Presence of lines that impede mobilization (eg, left ventricular assist device, intra-articular balloon pump)
� Neurological instable: ICP �20 cm H2O

a MAP�mean arterial pressure, SpO2�oxygen saturation, FIO2�fractional concentration of inspired oxygen, PEEP�positive end expiratory pressure,
RASS�Richmond Agitation Sedation Scale, ICP�intracranial pressure.
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