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Abstract

Background: Independent mobility is a key factor in determining readiness for discharge for older
patients following acute hospitalisation and has also been identified as a predictor of many
important outcomes for this patient group. This review aimed to identify a physical performance
instrument that is not disease specific that has the properties required to accurately measure and
monitor the mobility of older medical patients in the acute hospital setting.

Methods: Databases initially searched were Medline, Cinahl, Embase, Cochrane Database of
Systematic Reviews and the Cochrane Central Register of Controlled Trials without language
restriction or limits on year of publication until July 2005. After analysis of this yield, a second step
was the systematic search of Medline, Cinahl and Embase until August 2005 for evidence of the
clinical utility of each potentially suitable instrument. Reports were included in this review if
instruments described had face validity for measuring from bed bound to independent levels of
ambulation, the items were suitable for application in an acute hospital setting and the instrument
required observation (rather than self-report) of physical performance. Evidence of the clinical
utility of each potentially suitable instrument was considered if data on measurement properties
were reported.

Results: Three instruments, the Elderly Mobility Scale (EMS), Hierarchical Assessment of Balance
and Mobility (HABAM) and the Physical Performance Mobility Examination (PPME) were identified
as potentially relevant. Clinimetric evaluation indicated that the HABAM has the most desirable
properties of these three instruments. However, the HABAM has the limitation of a ceiling effect
in an older acute medical patient population and reliability and minimally clinically important
difference (MCID) estimates have not been reported for the Rasch refined HABAM. These
limitations support the proposal that a new mobility instrument is required for older acute medical
patients.

Conclusion: No existing instrument has the properties required to accurately measure and
monitor mobility of older acute medical patients.
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Background

The functional independence of older people is an impor-
tant indicator of their health status. Diminished inde-
pendence in hospitalised older people is associated with
increased risk of transfer to nursing home, carer burden,
mortality and healthcare costs after discharge [1]. Inde-
pendent mobility is also a key factor in determining read-
iness for discharge for older hospitalised patients. An
instrument that accurately measures and monitors this
important construct for hospitalised older patients would
have a range of useful applications in clinical care.

Mobility is the focus of the Timed Up and Go (TUG) [2]
and Functional Ambulation Classification (FAC) [3] and
a subsection of the Barthel Index (BI) [4-6]. These instru-
ments have limitations for measuring mobility in acutely
hospitalised patients or others who exhibit a broad spec-
trum of ability such as community dwelling older people
[7-11]. The FAC is a relatively insensitive measure of
change for older acute medical patients [11]. The TUG and
the BI have inadequate scale width [7-11] and do not ade-
quately capture changes in physical health for people
whose limitations are either severe or relatively modest.
The TUG has a floor effect with approximately one-quar-
ter of hospitalised older people unable to complete this
test because they are too weak [9]. The BI has a ceiling
effect with approximately one quarter of patients scoring
within the error margin of the highest score [9]. It has also
been argued that the BI is a multidimensional scale (i.e.
measures multiple constructs) and consequently summa-
tion of Bl item scores to obtain a total score does not yield
an interpretable index [8].

Many trials in aged care in the acute hospital setting have
been confounded by inadequate physical outcomes meas-
ures. The importance of measures of physical ability
across the spectrum of ability has been argued by those
prescribing exercise for older people [12]. Pressure on
already limited healthcare resources is predicted to
increase as the average population age rises. An outcome
measure that can accurately measure mobility is required
to identify interventions that optimize physical outcomes
of hospitalised older patients and facilitate effective tar-
geting of healthcare services.

When selecting an outcome measure for a particular clin-
ical purpose, there are many factors to consider [13]. No
systematic review assists clinicians to determine the most
appropriate mobility outcome measure for older general
medical patients in the acute care setting. Therefore, the
aims of this review were to:

- identify potentially relevant instruments for measuring
mobility in older acute medical patients.
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- summarise and compare the relevant clinimetric proper-
ties of the included instruments.

Methods

This review was conducted in two phases. Initially, a
broad systematic search was performed to identify existing
instruments for measuring the mobility of hospitalised
older acute medical patients. For each instrument that was
included, a second search was conducted to identify
papers reporting research into its clinimetric properties.
This second phase of searching was not constrained to
studies of older patients. Data on the clinimetric proper-
ties of identified instruments were subsequently extracted
and compared.

Phase One: instrument search

Inclusion and exclusion criteria

Reports were included in this review if they described
instruments with face validity for measuring from bed
bound to independent levels of ambulation and the items
were suitable for testing in an acute care hospital (e.g. did
not require a laboratory or large open spaces, were not
community-based tests such as transferring in and out of
a car). The instrument had to be administered by observa-
tion of physical performance to counter assessment limi-
tations associated with cognitive deficits and recall bias in
hospitalised older patients. For instruments that meas-
ured across multiple domains, the report was included if
a subtotal for mobility could be determined. Instrument
use in the acute hospital setting is also likely to be influ-
enced by practical factors such as the time required for test
administration. Therefore this review aimed to identify an
instrument that could be conducted, if necessary, during a
hospital medical ward round. Based on this criterion,
instruments that took greater than 10 minutes to admin-
ister, on average, were excluded. Instruments were also
excluded if they were not freeware or required expensive
equipment as cost is likely to be a barrier to clinical use in
many acute hospital settings. Since health care providers
can also vary from new graduates to experienced and spe-
cialised clinicians, it is also important that an appropriate
mobility instrument does not require a minimum level of
clinical experience to administer and can therefore be
applied by all clinical staff. Therefore, instruments were
excluded from the review if a report stipulated that a min-
imum level of clinical experience was required to admin-
ister the test. Instruments that were condition specific (e.g.
stroke), consisted of only one item or, due to a known
ceiling effect on the BI, the ambulatory items (i.e. high
level items) were the same as the ambulatory items on the
BI were also excluded from this review.

Instrument identification and selection
Electronic databases were searched without language
restriction or limits on year of publication until July 2005.
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A sensitive search was conducted for key search terms for
'older adults', 'mobility' and 'outcome measures'. Search
terms for 'older adults' and 'mobility' were limited to the
title or abstract to constrain the magnitude of the review
yield to a manageable size. The complete search strategy is
shown in Appendix 1. Databases searched were Medline,
Cinahl, Embase, Cochrane Database of Systematic
Reviews and the Cochrane Central Register of Controlled
Trials. All papers were screened for mobility instruments
that were reported in the title or abstract. Mobility was
defined according the World Health Organisation's Inter-
national Classification of Functioning (ICF) [14]. Hard
copies were obtained of the instruments reported in
included papers.

Additional papers were identified by searching the Amer-
ican Physical Therapy Association Catalog of Tests and
Measures [15], the UK Chartered Society of Physiotherapy
website [16] and the Australian Physiotherapy Associa-
tion Neurology Special Group Handbook [17]. Two inde-
pendent reviewers examined hard copies of all included
papers and applied inclusion and exclusion criteria. Disa-
greement between assessors was resolved with discussion.

Phase Two: clinimetric search

In phase one a finite set of relevant instruments were iden-
tified. A second systematic search was then conducted to
identify what was known about the clinimetric properties
of each instrument. The search strategy is shown in
Appendix 2. Medline, Cinahl and Embase were searched
until August 2005. Papers were screened based on title
and abstract for data on clinimetric properties of relevant
instruments. Hard copies of potentially relevant papers
were obtained. If a reason for instrument exclusion (crite-
ria described for the phase one search) became apparent
while examining clinimetric reports, the instrument was
excluded.

Inclusion criteria for phase two were that data were pro-
vided on clinimetric properties of instruments identified
in phase one and that these data enabled estimation of
properties such as reliability, validity, minimally clinically
important difference (MCID), responsiveness to change,
internal structure/dimensionality or acceptability or feasi-
bility.

Instrument evaluation

Data were extracted for each instrument identified by this
review and were summarised under each of the following
categories:

Instrument characteristics

The instrument items, response options, scoring system,
equipment requirements, time to administer and floor
and ceiling effects were extracted.
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Internal structure and dimensionality
Data reporting the results of Rasch analysis, factor analysis
or Cronbach's alpha were extracted.

Reliability

The following data about reliability of instruments were
extracted: the type of reliability study conducted (e.g. inter
or intra-rater reliability), the methods employed to con-
duct the study (e.g. independent assessments or video
recording of the same patient assessment), assessor train-
ing and the characteristics of the patient group. Reliability
estimates are reported using many indices. Any of the fol-
lowing were extracted: intraclass correlation coefficient
(ICC), Pearson's r, Spearman's rho, Bland and Altman's
limits of agreement [18], the minimal detectable change
with 90% (MDC,;) or 95% (MDCys) confidence inter-
vals, the root mean square of the residuals (RMS) associ-
ated with the test-retest regression or the standard error of
measurement (SEM). If reliability data were not reported
in the units of measurement, the SEM and MDC,, were
calculated from related statistics where possible.

Validity

Reports of the opinions of experts in the field regarding
instrument items or item content were extracted as evi-
dence of face or content validity respectively. Correla-
tional data and associated 95% confidence intervals (e.g.
ICCs, Pearson's 1, Spearman's rho) were extracted as evi-
dence of convergent (high correlation with measures of
related constructs) and discriminant validity (low correla-
tion with measures of unrelated constructs). For groups of
patients who are known to differ in their mobility, group
mean scores (and standard deviations) and between
groups comparison data were extracted as evidence of
'known groups' validity. Data that indicated a relationship
between mobility instrument scores and subsequent rele-
vant health outcomes (e.g. a regression model) were
extracted as evidence of predictive validity.

Minimally clinically important difference

The MCID has been defined by Jaeschke, Singer and Guy-
att [19] as "the smallest difference in score in the domain
of interest which patients perceive as beneficial......". The
MCID provides clinicians with the change in scores that
patients perceive to represent an important amount of
change. MCID point estimates and associated 95% confi-
dence intervals were extracted from relevant papers. In the
absence of reports that provided MCID data, the MCID
was estimated using the distribution-based approach rec-
ommended by Norman et al. [20].

Responsiveness to change

For instruments included in this review, responsiveness
indices and associated 95% confidence intervals were
extracted. Data reporting significant change scores
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between assessments in a group of patients who were
expected to change was considered adequate evidence of
instrument responsiveness to change and was therefore
extracted.

Acceptability and feasibility

Relevant data were extracted from any study that formally
investigated the acceptability and/or feasibility of an
instrument included in this review.

Results

Phase one: instrument search

The search identified 4100 papers. After screening of title/
abstract, 3775 papers were excluded. From the remaining
325 papers, 178 assessment measures were identified (see
Additional file 1) and hard copies were obtained. Prede-
termined inclusion and exclusion were applied. Seven
physical performance mobility measures were included in
this review:

e Clinical Outcomes Variable Scale (COVS) [21]
¢ Elderly Mobility Scale (EMS) [22]

¢ General Motor Function Assessment Scale [23]
¢ Goal Attainment Scale [24,25]

e Hierarchical Assessment of Balance and Mobility
(HABAM) [26,27]

¢ Physical Disability Index [28]
e Physical Performance and Mobility Examination [29]

Phase two: clinimetric search

After obtaining hard copies of papers that reported the
clinimetric properties of the seven remaining instruments,
a further four instruments were excluded. Table 1 shows
that three instruments were excluded due to a reported
average administration time of more than 10 minutes.
One instrument was excluded as a minimum of 1 year of
clinical experience and 7 hours of training were required
to administer the instrument.

Table I: Reason for exclusion of mobility assessment instruments

http://www.hglo.com/content/6/1/44

Three instruments were included in this review and were
subjected to rigorous clinimetric evaluation: the Elderly
Mobility Scale (EMS) [22], the Hierarchical Assessment of
Balance and Mobility (HABAM) [26,27] and the Physical
Performance Mobility Examination (PPME) [29]. Figure 1
shows a flow diagram of the inclusion and exclusion of
instruments in this review (Phase 1). The most common
reasons for instrument exclusion were that the items did
not measure across the mobility spectrum or that the
instrument items measured domains other than mobility.
No instrument was excluded due to cost only. For each
instrument that was included, Figure 2 shows a flow dia-
gram of the inclusion and exclusion of papers reporting
the clinimetric properties of each instrument (Phase 2).

Elderly Mobility Scale

Characteristics

The EMS was developed in the 1990s in England as a
mobility assessment tool for frail older adults [22]. The
characteristics of the EMS are summarised in Table 2. A
ceiling effect has been identified for the EMS. For commu-
nity dwelling older adults who had experienced a single
fall in the previous 6 months, "approximately 50% of sin-
gle fallers scored 19 - 20" [30] and for twenty healthy 81
to 90 year old women, all scored the highest possible
score of 20 on the EMS [22].

Internal structure and dimensionality
Data on the internal consistency or unidimensionality of
the EMS has not been reported.

The EMS was reported by its developer to provide ordinal
level data [22].

Reliability

Three studies have investigated the inter-rater reliability
[22,31,32] and one study has investigated the intra-rater
reliability of the EMS [31]. Extracted reliability data are
reported in Table 3. None of these studies reported the
SEM or MDCy, nor provided the data required to calculate
these indices. No reports provided details regarding asses-
sor training with the EMS prior to the reliability study.

Validity
The EMS items and response options are worded clearly
and simply and the seven items can be classified as meas-

Instrument

Reason for exclusion

Goal Attainment Scale
[17].

The Clinical Outcomes Variable Scale

The General Motor Function Assessment Scale

Physical Disability Index

Requires a minimum of | year of clinical experience and 7 hours of training to administer

Approximately 30 minutes to administer [17].
Average time to administer of 18 mins (range 5 to 40 mins) [23].
Average time to administer of 60+/-2] minutes (range 46 — 83) [28].
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Database yield
n = 4,100 papers

Excluded based on
title and abstract:
n = 3775 papers

325 papers =171 assessment measures

American Physical Therapy
Association Catalog of Tests and
Measures, UK Chartered Society

of Physiotherapy and the APA
Neurology Special group Handbook,
n=7

178 assessment measures
Inclusion/exclusion criteria applied:

n =171 excluded by <

2 independent assessors

Reason for exclusion* No.

The instrument:

does not measure mobility only 68

does not measure across the 71

mobility spectrum

does not measure current level of 13

mobility

items are not suitable for testing 3

in the acute hospital setting

does not have a total or subtotal 2

score for mobility

items are condition specific 4

takes >10mins to administer 3

item, climbing stairs, is the most 4

difficult item

is not administered by observation 3

of physical performance

Total excluded: 171
v

7 mobility assessment measures

Excluded following
clinimetric search:

n=4 (see Table 1)

GAS, COVS, GMFAS, PDI

3 mobility assessment measures
- Elderly Mobility Scale (EMS)
- Hierarchial Assessment of Balance and Mobility (HABAM)
- Physical Performance and Mobility Examination (PPME)

* many instruments had multiple reasons for exclusion, the first reason identified is reported.

Figure |
Flow diagram of process of outcome measure inclu-
sion and exclusion.

uring the domain of mobility. Although the qualitative
methods employed to develop the EMS items were not
clearly reported by the test developer [22], item genera-
tion and development based on expert opinion and the
existing literature provides evidence of face and content
validity.

Convergent validity was reported in two studies. Smith
[22] reported that EMS scores were highly correlated with
BI scores (Spearman's rho = 0.96) and Functional Inde-
pendence Measure scores (Spearman's tho = 0.95) for 36
inpatients/day hospital patients aged 70 - 93 years. The
statistical significance of these correlations was not
reported. Similarly, Prosser and Canby [32] reported a sig-
nificant and high correlation between EMS and BI scores
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(r=10.79, p < 0.001) for 66 patients aged 66 — 96 years
admitted to hospital with an acute medical illness.

Evidence of known groups validity for the EMS was
obtained from three studies [22,30,32]. Smith [22]
reported that 20 healthy older adults scored 20 points
(the maximum score) on the EMS compared to 36 people
with mobility deficits who had a median score of 9 (range
0 - 20). Smith also reported higher EMS scores for hospi-
talised patients who were discharged to home (range 14 -
20 points) compared to those discharged to home with a
carer (range 5 - 13 points) or discharged to nursing home
(range O - 6 points). Between group differences were not
formally tested in this study but group scores were likely
to have been significantly different based on the range of
reported scores. Prosser and Canby [32] reported similar
group differences in discharge destination data and signif-
icant between group differences (p < 0.001) were con-
firmed with a chi squared test in this study.

Evidence of known groups validity for the EMS was also
reported by Chiu et al. [30]. Community dwelling older
persons with multiple falls in the six months prior to the
study scored significantly lower on the EMS compared to
older persons who had experienced no falls or only a sin-
gle fall in the six months prior to the study (p < 0.001).

Spilg et al. [33] reported a statistically significant relation-
ship between EMS scores at discharge from a geriatric day
hospital (n = 76 patients with mobility problems) and the
risk of two or more falls during a four month follow up
period (logistic regression, p = 0.008). These data demon-
strated evidence of predictive validity for the EMS.

Minimally clinically important difference

No studies reported the MCID for the EMS. However, two
studies [30,34] provided data that allowed the MCID to
be estimated using the recommendations of Norman et al.
[20]. The MCID for the EMS was approximately 2 points
or 10% the scale width.

Responsiveness

Only one study investigated the responsiveness to change
of the EMS [35]. Eighty three percent of patients in a falls
rehabilitation program who were expected to improve in
their mobility improved on EMS scores compared to 42%
on Bl scores and 35% on Functional Ambulation Classifi-
cation scores [35]. A significant improvement in EMS
scores was identified between assessments (p < 0.001).
This provides evidence that changes in EMS scores reflect
changes in patients who are expected to change.

Acceptability and feasibility
No formal study of acceptability or feasibility has been
reported. Prosser and Canby [32] reported that the EMS
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EMS HABAM PPME
A A
Clinimetric Clinimetric Clinimetric
search yield search yield search yield
n=8 n=4 n=>5%
Excluded Excluded Excluded
n=1 n=0 > n=1
A A, A,
EMS HABAM PPME
clinimetric clinimetric clinimetric
papers included papers papers
n=7 included included
[22, 30-35] n=4 n=4%
[26, 27, 38, 42] [29, 39-41]

* one paper identified from the HABAM search yield [41]

Figure 2
Flow diagram of clinimetric paper inclusion and exclusion.

was easy to apply in an older acute medical population.
They implied that familiarisation with test procedures was
required, but provided no detail.

Hierarchical Assessment of Balance and Mobility
Characteristics

The HABAM was developed in the 1990's in Canada [26].
The HABAM was developed to evaluate balance and
mobility for older patients admitted to hospital with a
medical illness. A summary of the characteristics of the
HABAM are reported in Table 2. A ceiling effect was iden-
tified for the HABAM in an older acute medical patient
population. Approximately 25% of patients scored the
maximum possible score at hospital admission [27].

Internal structure and dimensionality

MacKnight and Rockwood [27] investigated the internal
consistency and unidimensionality of the HABAM with
data collected from 204 older people who were admitted
to hospital with a medical illness. Based on the results of
this study, the HABAM appears to be an internally consist-
ent scale.

MacKnight and Rockwood [27] conducted principal com-
ponents analysis and identified four factors with eigenval-
ues greater than one (13.86, 4.02, 1.85 and 1.15). The
four components accounted for 51%, 15%, 7% and 4% of
the total scale variance respectively. All of the HABAM
items loaded on the first component. Rasch analysis of the
same data confirmed the unidimensionality of the
HABAM after the removal of six items. The HABAM there-
fore appears to measure one construct and provide inter-
val level data. However, data supporting the overall fit of

http://www.hglo.com/content/6/1/44

the data to the Rasch model were not provided in the pub-
lished report. In addition, data for 53 of the 204 people
were extreme because these persons successfully com-
pleted all items [27]. This indicates a ceiling effect of
approximately 26% for the HABAM on the Rasch con-
verted logit scale.

In the same study, the three sections of the HABAM,
mobility, transfers and balance, each had high correlation
with the HABAM total score and with each other [27].
Cronbach's alpha for the HABAM total score, mobility,
transfers and balance subscales were reported to be 0.97,
0.92, 0.92 and 0.88 respectively. These are all higher than
the alpha value of 0.80 that is commonly considered
acceptable [36]. This indicates high inter-item correlation
and thus high internal consistency of the HABAM. How-
ever, a Cronbach's alpha value that is greater than 0.90 is
also reported to represent high levels of item redundancy
[37]. Therefore, the HABAM may consist of items that pro-
vide similar mobility challenges.

Reliability

The inter-rater reliability for ordinal raw scores on the
original HABAM was examined on 15 patients aged 65
years or older admitted to a general medicine or geriatric
assessment unit [26]. Each patient was independently
assessed by two researchers and a high correlation (ICC =
0.94) was reported between assessor scores. The type of
ICC, the MDC,, and the SEM were not provided in the
published report. However, the baseline standard devia-
tion of HABAM raw scores for 28 patients (that included
the 15 patients in the reliability study) was reported. This
standard deviation was employed to estimate a SEM and
aMDC,,of 2.2 and 5.1 points respectively. This MDC,, is
high as it represents approximately 20% of the HABAM
scale width. The reliability of the Rasch refined HABAM
has not been published.

Validity

Face validity for the HABAM was obtained by an experi-
enced person in geriatric medicine assessing the instru-
ment items during its development. The HABAM items
appear to be a hierarchical list of mobility challenges
ranked conceptually from easy to hard. Items range from
the easiest item, needs positioning in bed, to the hardest
item, unlimited mobility. Evidence of content validity for
the HABAM was obtained by the data fitting the Rasch
model and thus indicating that the HABAM is a unidi-
mensional measure of mobility.

Two studies have provided evidence of convergent validity
for the original version of the HABAM [26,38] by report-
ing a high correlation between HABAM scores and meas-
ures of related constructs. A Spearman's rank correlation
of 0.76 between HABAM and BI change scores was
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Table 2: Characteristics of the EMS, HABAM and PPME
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EMS HABAM PPME
Versions |. Original [22]. I. Original [26,42] I. Original [29]
2. Rasch refined [27]
Number of items Seven 1. 27 in the original version 1. Six items

Content

Time to complete

Equipment requirements

Scaling method

Scoring

Floor and ceiling effects

Lying to sitting, sitting to lying, sit to
stand, stand, gait, timed walk (6
meters), functional reach.

"No more than 5 minutes" [32]

A bed, chair, stop watch, walking aid
if necessary, a space for a
standardised 6 meter walk and a
functional reach test.

One response is selected by the
clinician administering the test for
the 7 mobility tasks. Two items are
scored from 0 — 2, four items are
scored from 0 — 3 and one item
from 0 — 4.

Each item score is summed to
provide a total possible score from 0
to the maximum score of 20 which
represents independent mobility.
Scores under 10 are considered to
represent "dependence in mobility
manoeuvres", 10 — |3 to indicate
"borderline in terms of safe mobility"
and |4 or more to be "likely to be
independent in mobility" [22].

A ceiling effect was identified for
community dwelling older adults
who had experienced a single fall in
the previous 6 months,
"approximately 50% of single fallers
scored 19 —20" [30].

Twenty healthy 81 to 90 year old
women all scored the highest
possible score of 20 on the EMS
[22].

2. 22 in the modified version
MOBILITY: bedfast, chairfast, 2
person assist +/- aid, | person hands
on +/- aid, | person standby +/- aid,
with aid 8-50 m, with aid > 50 m,
unlimited with aid, limited 8-50 m,
limited > 50 m, unlimited.
TRANSFERS: total lift, 2 person assist,
| person assist, | person pivot, |
person hands-on, | person standby,
independent with aid, independent.
BALANCE: impaired static sitting,
stable static sitting, stable dynamic
sitting, stable static standing, stable
dynamic standing, stable transfer,
stable with aid, stable ambulation.
Average of 2.6 (+/- 1) minutes [41].

A bed, chair and walking aid if
required.

The original version of the HABAM is
an ordinal measure. Interval level data
is provided by the Rasch converted
version of the HABAM.

The original version of the HABAM
has a total score range of 0 —24. One
point is scored for each increment in
ability. Higher scores indicate higher
levels of mobility.

The Rasch converted HABAM has a
broader interval score range of 0 to
26. A score is listed next to each item
on the HABAM. Harder items have
higher scores. The highest score
obtained across the 3 sections of the
HABAM represents the HABAM
interval score. Higher scores indicate
higher levels of mobility.

A ceiling effect was identified in an
older acute medical patient
population. Approximately 25% of
patients scored the maximum possible
score at hospital admission [27].

Bed mobility, transfer skills,
multiple stands from chair, standing
balance, step-up and ambulation.

Approximately 10 minutes [29]

8.6 minutes (SD = 3.6 minutes) [41]
A bed, chair, stop watch,
standardised step and gait aid if
required.

The PPME has two scaling methods.
The pass-fail PPME provides 2
response options (pass or fail) and
the 3 level PPME provides 3
response options for each item
(high pass, low pass or fail). Each
response option is clearly defined
[29].

The pass-fail PPME provides a
dichotomous scoring system for
the 6 PPME items. Zero is scored
for a fail. One point is scored for
successfully completing each item.
Items sum to obtain a maximum
score of 6.

In the 3 level PPME scoring system,
zero is scored for a fail, one point
for a low pass and two points for a
high pass. The total score range is 0
- 12

An absence of floor and ceiling
effects has been reported for the 3
level scoring system [29].

reported for an older acute medical patient population
[26] and 0.69 for a nursing home population [38]. A
Spearman's rank correlation of 0.74 was identified
between HABAM and BI motor subscale change scores for

an older acute medical inpatient population [26]. A defi-
nition of the mobility subscale was not provided in the
published report but the mobility items presumably
include walking, transfers and stairs.
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Table 3: Inter-rater and intra-rater reliability for the EMS

http://www.hglo.com/content/6/1/44

Author Population and test procedures

Reliability data provided

Inter-rater reliability

Smith [22]
independently assessed by two assessors.
Prosser et al. [32]

blinded to the other assessor scores.
Cuijpers et al. [31]

|5 inpatients or day hospital patients, 78 to 93 years were

19 older acute medical patients aged 71 to 91 years,
independently assessed by two assessors. Assessors were

A video recorded assessment of 28 hospitalised frail older
patients rated by two independent assessors (Dutch version of
the EMS). Patient age was not provided in the English abstract.

Inadequate data provided to estimate reliability.

Spearman's correlation coefficient between assessor
scores, r = 0.88, p < 0.0001.

Inter-rater reliability ICC 0.95 — 0.97 (p value not provided
in the published abstract).*
Bland and Altman limit of agreement of 3 points.

Intra-rater reliability

Cuijpers et al. [31]

A video recorded assessment of 28 hospitalised frail older
patients rated by two independent assessors (Dutch version of
the EMS). Patient age was not provided in the English abstract.

Intra-rater reliability ICC 0.97 (p value not provided in the
published abstract).*
Bland and Altman limit of agreement = 3 points.

ICC = intraclass correlation coefficient
* the type of ICC employed was not reported

Evidence of discriminant validity for the original HABAM
was identified by low correlations between HABAM scores
and measures of other constructs. In an older acute medi-
cal patient population, a low correlation was identified
between HABAM change scores and the Mini Mental State
Examination (Spearman's rank = 0.15), Instrumental
Activities of Daily Living (Spearman's rank = 0.30) and the
Spitzer Quality of Life Scale change scores (Spearman's
rank = 0.39) [26]. In a nursing home patient population,
HABAM change scores had low correlation with change
scores for the Goal Attainment Scale (Spearman's rank =
0.17), Cumulative Illness Rating Scale (Spearman's rank =
-0.32) and the Brief Cognitive Rating Scale (Spearman's
rank = -0.04) [38]. No evidence of known groups validity
has been reported.

Minimally clinically important difference

The MCID for the HABAM has not been investigated in a
published report. However, using Norman et al.'s [20] rec-
ommendations, the MCID was estimated to be 4.5 points
for the original version of the HABAM using the very sim-
ilar baseline standard deviations provided in reports by
MacKnight and Rockwood [26] and Gordon et al. [38].

Responsiveness

The responsiveness to change of the original HABAM has
been investigated in two studies using both the Effect Size
Index and the Relative Efficiency Index [26,38]. For meas-
urements recorded at hospital admission and discharge in
an older acute medical population, the HABAM had an
Effect Size Index of 0.59 compared to 0.35 and 0.51 for
the BI and BI mobility subscale respectively [26]. In the
same study, the Relative Efficiency Index for the HABAM
was reported to be approximately three times greater than

for the BI. In a nursing home population, the HABAM was
found to be more responsive to change than the Bl but less
responsive to change than the Goal Attainment Scale
using both the Effect Size Index and Relative Efficiency
Index [38]. However, neither of these reports [26,38] pro-
vided confidence intervals for these responsiveness indi-
ces. It remains unclear if statistically significant differences
exist between these point estimates of responsiveness.

Acceptability and feasibility

MacKnight and Rockwood (2002) conducted a study that
investigated the acceptability and feasibility of the
HABAM. In a sample of 19 hospitalised older medical
patients, 89% of patients reported that the HABAM testing
procedure did not bother them in any way and 100% of
patients reported that they would not mind performing
the HABAM test daily. Twenty-six staff were also inter-
viewed after administering the HABAM. Of these staff,
77% reported that the HABAM provides useful informa-
tion and 46% reported that they could incorporate the
HABAM into their daily hospital rounds.

Physical Performance and Mobility Examination
Characteristics

The PPME was designed in the USA in the 1990s to meas-
ure physical functioning and mobility for hospitalised
older adults [29]. The characteristics of the PPME are
shown in Table 2. An absence of floor and ceiling effects
has been reported for the 3 level scoring system [29].

Internal structure and dimensionality
No studies have investigated the internal structure or
dimensionality of the PPME.
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Reliability

Two reports were found about the intra-rater reliability of
the PPME [29,39] and one report of the inter-rater reliabil-
ity [29]. Although none of these studies provided reliabil-
ity estimates in the units of measurement, the MDC,y, was
estimated from the data provided in the published
reports. Extracted and derived reliability data are shown in
Table 4.

Validity

The PPME has face and content validity for measuring
mobility based on expert opinion (group interviews with
physical therapists) and existing instruments employed to
develop the PPME [29].

Data extracted as evidence of convergent and discriminant
validity for the PPME are shown in Table 5. Convergent
validity for the PPME was identified by a significant and
high correlation between PPME scores and other meas-
ures of physical function. Discriminant validity was indi-
cated by a low correlation between PPME scores and
measures of cognitive and emotional status. Confidence
bands were not provided for these point estimates. No evi-
dence of known groups validity has been reported.

Minimally clinically important difference

The MCID has not been reported for the PPME. Using
Norman et al.'s [20] recommendations, the MCID was
estimated. Based on data reported by Winograd et al. [29],
the MCID was calculated to be 0.9 for the dichotomous
PPME scoring system. Based on data reported in three
studies [29,39,40] the MCID was calculated to range from
1.15 to 2.15 for the 3 level PPME scoring system.

Responsiveness
No reports of the responsiveness to change of the PPME
were identified.

Acceptability and feasibility

MacKnight et al. [41] reported the acceptability and feasi-
bility of the PPME in a sample of 19 hospitalised older
medical patients. Eighty-nine percent of patients reported
not being bothered by the PPME test and no patients
reported any objection when asked if they would mind
performing this test everyday. Twenty-six medical staff
were interviewed after administering the PPME and
76.9% reported that the PPME provided useful informa-
tion. However, staff reported being unable to incorporate
the PPME into their daily rounds.

Comparison of error estimates and clinically important
change

Table 6 shows the estimated measurement error and
MCID for the EMS, HABAM and PPME scores. The limit of
agreement is a more conservative estimate of measure-

http://www.hglo.com/content/6/1/44

ment error than the MDC,y,. The MDC,, and limit of
agreement provide an estimate of the minimum change
score required to be 90% and 95% confident respectively
that measurement error has been overcome. Measurement
error appears to be greater than the MCID for the EMS and
the original version of the HABAM but not for the PPME.
These data were not available for the Rasch refined version
of the HABAM.

Discussion

This review identified a plethora of outcome measures
that have been employed to measure activity limitation
for older adults. However, only three suitable instru-
ments, the EMS, HABAM and PPME were found for meas-
uring and monitoring changes in mobility for older
people. Clinimetric evaluation identified that each of
these instruments has significant limitations.

Older acute medical patients have a very broad range of
physical abilities [7,9-11]. For this reason they are a diffi-
cult patient group to measure on one scale. Tests that are
developed in hospitalised populations, such as the Bar-
thel Index, typically have a ceiling effect in an older acute
medical population as there are no items to challenge the
subgroup whom are independently ambulant [7-11].
Tests that are developed in community populations, such
as the TUG, typically have a floor effect in an older acute
medical population as a proportion of these patients can-
not stand [7,9-11].

In the acute hospital setting, the physical and cognitive
ability of older patients can also fluctuate over short time
periods. It is therefore likely that direct examination of
performance is required to provide the most accurate indi-
cation of ability. Many instruments identified in this
review were designed for administration by self report.
Designing a physical performance test that covers a broad
spectrum of abilities and is quick and easy to administer
in the acute hospital setting poses a challenging task for
test developers. The difficulty of this challenge is reflected
in the large number of outcome measures that were iden-
tified in this review but do not have the properties
required for clinical application in this patient group.

Although differing methods were employed to develop
the EMS, HABAM and PPME, each of these instruments
consists of bed transfers, chair transfers, balance and walk-
ing items. However, the item wording, testing protocols
and scoring systems vary considerably across instruments.
For example, for bed mobility tasks, the EMS provides a
three-point response option for patient independence
with transfers from lying to sitting and sitting to lying. The
HABAM provides a dichotomous response option for posi-
tions self in bed and lying to sitting independently and the
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Table 4: Reliability data for the PPME

http://www.hglo.com/content/6/1/44

Author Population and test

procedures

Scoring System

Standard deviation SEM

(SD)

ICC (95%Cl) MDGC,,

Intra-rater reliability

Winograd et al. [29] 50 hospitalised patients,
mean age 74.8 (SD = 7.9).
Tested 48 hours apart. If
the patient reported or
the chart indicated a
change in condition, the
patient was excluded. This
study included 33 patients.

Winograd et al. [29] As above.

Sherrington and Lord Test retest of 30 older

[39] people, mean age 8I.1
years (SD = 7.5) following
hip fracture (16
rehabilitation hospital
inpatients and 14
community dwelling). Two
assessments one day
apart.

Pass-fail scoring system.

3 level scoring system.

3 level scoring system.

0.99* Pooled SD not provided. 0.18 042
Baseline SD 2.1 for sample

I (n=146) and 1.7 for

sample 2 (n = 352).

Weighted average SD =

1.8.

0.98# Pooled SD not provided. 042 097
Baseline SD 2.8 for sample

I (n=146) and 3.1 for

sample 2 (n = 352).

Weighted average SD =

3.0.

Test | SD=24andtest2 046 1.07
SD = 2.2. Weighted

average SD = 2.3.

0.96# (0.92 -0.98)

Inter-rater reliability

Winograd et al. [29] 31| patients, mean age 75
(SD = 6.43), selected from
(1) acute medical unit
inpatients that had
impaired mobility and (2)
acute medical and surgical
inpatients aged > 65 years.
Two assessors
independently rated each
patient's performance on
the PPME.

Winograd et al. [29] As above.

Pass-fail scoring system. 0.99

3 level scoring system.  0.99

Pooled SD not provided. 0.18 0.42
Baseline SD 2.1 for sample

I (n=146) and 1.7 for

sample 2 (n = 352).

Weighted average SD =

1.8.

Pooled SD not provided. 0.3 0.7
Baseline SD 2.8 for sample

| (n=146) and 3.1 for

sample 2 (n = 352).

Weighted average SD =

3.0.

SD = standard deviation, ICC = intraclass correlation coefficient

* Phi coefficient, #ICC (3,1)
PPME assesses sitting up in bed (from lying down) using
either a two or three option scoring system.

Based on the World Health Organisation's International
Classification of Functioning (ICF) [14], the EMS,
HABAM and PPME contain items that are classified under
‘activity and participation' as measuring the domain of
'mobility.' Each of these instruments has face and content
validity for measuring mobility. Scores on each of these
measures appear to have high correlation with measures
of related constructs and low correlation with measures of

unrelated constructs, providing evidence of convergent
and discriminant validity respectively. Evidence of known
groups validity has been reported for the EMS but not for
the HABAM or PPME.

Only the HABAM has been subjected to Rasch or factor
analysis to investigate the dimensionality of the underly-
ing construct. Following Rasch analysis, items were
removed from the original version of the HABAM and the
remaining HABAM items were reported to fit the Rasch
model. This indicates that the Rasch refined HABAM is a
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Table 5: Validity data for the PPME

http://www.hglo.com/content/6/1/44

Author Patient population (> 65 n 2 level scoring system 3 level scoring system
years)

Convergent validity Total PPME score correlation with: Total PPME scores correlate highly with:

Winograd et al. [29] Older patients hospitalised with 88  Self reported physical functioning and Self reported physical functioning and
mobility impairment mobility scores, r = 0.61, p < 0.001. mobility scores, r = 0.73, p < 0.001.

Winograd et al. [29] Hospitalised older medical and 154  Self reported physical functioning and Self reported physical functioning and
surgical patients mobility scores, r = 0.71, p < 0.001. mobility scores, r = 0.77, p < 0.001.
Hospitalised older medical and 154 ADL scores, r = 0.70, p < 0.001. ADL scores, r = 0.68, p < 0.001.
surgical patients

Discriminant validity Total PPME score correlation with: Total scores have low correlation with:

Winograd et al. [29] Older patients hospitalised with 97  MMSE scores, r = 0.36, p < 0.001. MMSE scores, r = 0.38, p < 0.001.
mobility impairment

Winograd et al. [29] Hospitalised older medical and 154 MMSE scores, r = 0.36, p < 0.001. MMSE scores, r = 0.38, p < 0.001.
surgical patients
Hospitalised older medical and 86  Geriatric depression scores, r = 0.23,p  Geriatric depression scores, r = 0.28, p

surgical patients

<0.001.

<0.001.

unidimensional measure of mobility and fit of the data to
the Rasch model also provides further evidence of content
validity for the HABAM. The internal structure of the EMS
or PPME has not been investigated and thus the validity of
item score summation to obtain a total mobility score for
these instruments is therefore unknown. Fit of HABAM
data to the Rasch model also indicates that the Rasch con-
verted HABAM scores provides interval compared to the
ordinal level data provided by the EMS and PPME.

In a head-to-head comparison of the HABAM and the
PPME in a sample of 19 hospitalised older adults, the
HABAM was statistically significantly quicker to adminis-
ter and rated to be feasible by a larger proportion of clini-
cians in the acute hospital setting. The HABAM was
reported to take on average 2.6 minutes (range 1 - 4) to
conduct compared to 8.6 minutes (range 3 - 16) for the
PPME. Most users felt that the HABAM (92.3%) and
PPME (76.9%) provided useful information. However, no
staff reported being likely to include the PPME into their
daily rounds compared to 46.2% for the HABAM.
Although the feasibility of the EMS has not been investi-
gated, the HABAM has fewer equipment requirements
than the EMS and PPME and is therefore likely to be the
more feasible of these instruments in the acute hospital
setting.

An important limitation of the HABAM is the ceiling effect
identified in an older acute medical population [27]. In a
sample of 204 older medical patients, approximately one-
quarter of patients did not fail any items. The HABAM is
therefore not suitable for monitoring improvements in
mobility for a significant proportion of independently
ambulant older medical patients. Rasch analysis of

HABAM data identified unlimited mobility to be the most
difficult item [27]. To overcome the HABAM ceiling effect,
additional high level mobility items would be required.

Error estimates are required in the units of measurement
to facilitate the accurate interpretation of test scores. Nei-
ther the MDC,, nor the SEM were provided in published
reports for the EMS, HABAM or PPME. The 'limit of agree-
ment' recommended by Bland and Altman [18] was
reported to be 3 points for the EMS in an English abstract
of a Dutch publication [31]. This estimate represents 15%
of the EMS scale width. The MDC,, was estimated from
data provided in the published reports for the original
HABAM and PPME. For MDC,, calculations for these
instruments, assumptions were required to estimate the
standard deviation and therefore the MDC,, may be
greater than estimated. The MDC,, estimated for the
HABAM represented approximately 20% of the scale
width and for the PPME the MDC,, represented approxi-
mately 10% of the scale width regardless of the scoring
system.

Although the MCID for the EMS, HABAM or PPME have
not been reported, estimates indicated that a change score
of greater than 2 points (10% of scale width) is likely to
represent an important change in mobility for the EMS, 4
points for the HABAM (19% of scale width), 1 point for
the PPME two level scoring system (9% of scale width)
and 2 points for the PPME three level scoring system (16%
of scale width). The confidence intervals for these MCID
point estimates are not known. The MDC,, point esti-
mates were greater than the MCID for the EMS and origi-
nal HABAM but not for the PPME. This is a limitation of
the EMS and HABAM as important change and measure-
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Table 6: MDC,, and MCID estimates for the EMS, HABAM and PPME

MDC,, MDC,, % of scale width MCID MCID % of scale width
EMS (0 - 20) 3* 15.0% 2 10.0%
HABAM** (0 - 24) 5.1 21.3% 4.5 18.8%
PPME (0 - 6) 0.42 7% 0.9 15.0%
PPME (0 - 12) 0.7 -1.07 5.8% —8.9% 1.15-2.15 9.6% — 17.9%

* Bland and Altman 'limit of agreement' [ 18], MDCy, could not be estimated for the EMS.
** original version of the HABAM. Data not available for the Rasch refined HABAM.

ment error cannot be partitioned. Neither the MDC, or
MCID data could be calculated for the Rasch refined
HABAM.

The responsiveness to change of the EMS, HABAM and
PPME has not been tested in a head-to-head comparison
and therefore the relative responsiveness of these instru-
ments is not known.

Strengths and Limitations

This review has provided an important contribution to
knowledge by providing healthcare professionals and the
scientific community with a comprehensive evaluation of
existing measures of activity limitation for hospitalised
older acute medical patients. Other strengths of this
review are that it provides a comprehensive summary of
the measurement properties of the EMS, HABAM and the
PPME, demonstrates methods for rigorously evaluating
the clinimetric properties of health instruments, provides
convincing evidence for the need to develop a new mobil-
ity outcome measure for older acute medical patients and
was conducted in two phases to maximise the sensitivity
of this review. Limitations of this review were that only
manuscripts published in English were eligible for inclu-
sion in this review and that some of the search terms for
phase one were limited to title and abstract to constrain
the magnitude of the search yield to a manageable size.

Conclusion

This review identified that no existing instrument has all
the properties required to accurately measure and moni-
tor changes in mobility for older acute medical patients.
Selecting an outcome measure that is not appropriate for
a particular purpose can result in clinical trials that are
confounded by inadequacy of selected measures or
patient assessments that are misleading or provide infor-
mation of little or no clinical utility. Three instruments
were included in this review, the EMS, HABAM and PPME.
Clinimetric evaluation indicated that the HABAM has the
most desirable properties of the three instruments. The
HABAM provides interval level data, is quick and feasible,
appears to be more responsive to change than the BI and
has minimal equipment requirements. However, the
HABAM has the limitation of a ceiling effect in an older

acute medical patient population and reliability and
MCID estimates have not been reported for the Rasch
refined HABAM. This review provides information about
the relative merits of existing activity limitation outcome
measures for hospitalised older adults and is a valuable
resource for clinicians and researchers. The limitations of
existing instruments supports the proposal that a new
mobility instrument is required for older acute medical
patients.
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Appendix |. Medline search strategy for existing
mobility outcome measures

1 Aged.ti,ab.

2 old$.t,ab.

3 elder$.ti,ab.

4 frail ti,ab.

5 geriatric$.ti,ab.

6lor2or3ord4orb

7 (function$ adj2 (status or decline or physical or abil-

ity)).ti,ab.

8 mobility.ti,ab.
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9 (independence adj10 (physical or function$)).ti,ab.

10 (dependence adj10 (physical or function$)).ti,ab.

11 activities of daily living.ti,ab.

12 (gait or walk$ or ambulat$).ti,ab.

13 disability.ti,ab.

14 handicap.ti,ab.

15 (impairment adj2 (physical or function$)).ti,ab.

16 participation.ti,ab.
177o0r8or9orl0orllorl2orl3orl4orl5orl6
18 (functional adj5 (outcome or assessment)).ti,ab.

19 *Questionnaires/

20 *Exercise Test/

21 *Treatment Outcome/

22 *"OUTCOME AND PROCESS ASSESSMENT
(HEALTH CARE)"/or *GERIATRIC ASSESSMENT/or
*"PROCESS ASSESSMENT (HEALTH CARE)"/or *"OUT-

COME ASSESSMENT (HEALTH CARE)"/

23 data collection/or *health surveys/or *health care sur-
veys/

24 *"Recovery of Function"/

2518 or 19 or 20 or 21 or 22 or 23 or 24

26 6 and 17 and 25

27 (pediatric$ or paediatric$).ti,ab.

28 child$.ti,ab.

2927 or 28

30 26 not 29

31 limit 30 to humans

Appendix 2. Medline search strategy for
clinimetric papers of existing mobility outcome

measures
1 clin?metric.mp.

http://www.hglo.com/content/6/1/44

2 exp PSYCHOMETRICS
3 person?metric.mp.

4 validity.mp.

5 reliability.mp.

6 unidimensional$.mp.

7 (Rasch adj analys$).mp.
8 discriminability.mp.

9 responsiveness.mp.

10 appropriateness.mp.
11 precision.mp.

12 interpretability.mp.

13 acceptability.mp.

14 practicability.mp.

15 feasibility.mp.

16 (floor adj effect).mp.
17 (ceiling adj effect).mp.
18 (minimal detectable change or MDC).mp.

19 (minimally difference or

MCID).mp.

clinically important

20 sensitivity.mp.

21 (standardised response mean or SRM).mp.

22 Guyatt's responsiveness statistic.mp.

23 (Effect adj size).mp.
241or2or4or50r6or7or8or9orl0orllorl2or
13or14orl50rl16orl17orl18or19or20or21or22or

23

25 NAME OF EACH OUTCOME MEASURE. mp.

26 24 and 25
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Additional material

Additional file 1

Appendix 3. List of the 178 assessment measures identified by the initial
search yield. Appendix 3. List of the 178 assessment measures identified
by the initial search yield.

Click here for file
|http://www.biomedcentral.com/content/supplementary/1477-
7525-6-44-S1.doc]

Acknowledgements

Funding sources for this research were the HCF Health and Medical
Research Foundation (external grant) and the National Health and Medical
Research Council of Australia (Dora Lush Postgraduate Scholarship, Grant
no. 280632). These funding sources were not involved in the study design,
collection, analysis, interpretation of the data or the writing of this manu-
script.

References

I.  Covinsky KE, Palmer RM, Fortinsky RH, Counsell SR, Stewart AL,
Kresevic D, Burant CJ, Landefeld CS: Loss of independence in
activities of daily living in older adults hospitalized with med-
ical illnesses: increased vulnerability with age. Journal of the
American Geriatrics Society 2003, 51:451-458.

2. Podsiadlo D, Richardson S: The Timed "Up & Go": a test of basic
functional mobility for the frail elderly persons. Journal of the
American Geriatrics Society 1991, 39:142-148.

3. Holden MK, Gill K, Magliozzi MR: Gait assessment for the neuro-
logically impaired patients. Physical Therapy 1986, 66:1530-1539.

4. Mahoney Fl, Barthel DW: Functional Evaluation: The Barthel
Index. Maryland State Medical Journal 1965, 14:61-65.

5.  Collin C, Wade DT, Davies S, Horne V: The Barthel ADL Index:
a reliability study. International Disability Studies 1988, 10:61-63.

6.  Shah S, Vanclay F, Cooper B: Improving the sensitivity of the
Barthel Index for stroke rehabilitation. Journal of Clinical Epide-
miology 1989, 42:703-709.

7. de Morton N, Jones C, Keating ], Berlowitz D, MacGregor L, Lim W,
Jackson B, Brand C: The effect of exercise on outcomes for hos-
pitalised older acute medical patients: An individual patient
data meta-analysis. Age Ageing 2007, 36:219-222.

8. de Morton N, Keating J, Davidson M: Rasch analysis of the Barthel
Index in the assessment of hospitalised older patients follow-
ing admission for an acute medical condition. Archives of Phys-
ical Medicine & Rehabilitation 2007, 89:641-647.

9. de Morton NA, Keating JL, Jeffs K: Exercise for acutely hospital-
ised older medical patients. Cochrane Database Systematic Reviews
2007.

10. de Morton NA, Keating JL, Jeffs K: The effect of exercise on out-
comes for older acute medical inpatients compared to con-
trol or alternative treatments: a systematic review of
randomised controlled trials. Clinical Rehabilitation 2007, 21:3-16.

1. de Morton NA, Keating JL, Berlowitz D), Jackson B, Lim WK: Addi-
tional exercise does not change hospital or patient outcomes
in older medical patients: a controlled clinical trial. Australian
Journal of Physiotherapy 2007, 53:105-111.

12.  Rikli RE, Jones CJ: Assessing Physical Performance in independ-
ent older adults: Issues and guidelines. Journal of Aging and Phys-
ical Activity 1997, 5:244-261.

13.  Fitzpatrick R, Davey C, Buxton M), Jones DR: Evaluating patient-
based outcome measures for use in clincial trials. Health Tech-
nology Assessment 1998, 2:.

14.  World Health Organisation: International Classification of Functioning,
Disability and Health Geneva, Switzerland: World Health Organisation;
2001.

15.  APTA: Interactive Guide to Physical Therapist Practice with
Catalog of Tests and Measures (version 1.0) (Compact disc).
Alexandria, VA: American Physical Therapy Association; 2001.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

http://www.hglo.com/content/6/1/44

The Chartered Society of Physiotherapy outcomemeasures
database  [http://www.csp.org.uk/effectivepractice/outcomemeas
ures.cfm]

Hill K, Denisenko S, Miller K, Clements T, Batchelor F: Clinical out-
come measurement in adult neurological physiotherapy 3rd edition. Mel-
bourne, Australia: Australian Physiotherapy Association; 2005.

Bland JM, Altman DG: Statistical methods for assessing agree-
ment between two methods of clinical measurement. Lancet
1986, 1:307-310.

Jaeschke R, Singer ], Guyatt GH: Measurement of health status.
Ascertaining the minimally clinically important difference.
Controlled Clinical Trials 1989, 10:407-415.

Norman GR, Sloan JA, Wyrwich KW: Interpretation of changes
on health related quality of life. The remarkable universality
of half a standard deviation. Medical Care 2003, 41:582-592.
Low Choy N, Kuys S, Richards M, Isles R: Measurement of the
functional ability following traumatic brain injury using the
Clinical Outcomes Variable Scale: a reliability study. Austral-
ian Journal of Physiotherapy 2002, 48:35-39.

Smith R: Validation and reliability of the Elderly Mobility
Scale. Physiotherapy 1994, 80:744-747.

Aberg A, Lindmark B, Lithell H: Development and reliability of
the General Motor Function Assessment Scale (GMF)- a per-
formance-based measure of function-related dependence,
pain and insecurity. Disability and Rehabilitation 2003, 25:462-472.
Kiresuk TJ, Smith A, Cardillo JE: Goal Attainment Scaling: Applications,
Theory and Measurement Hillsdale, New Jersey, USA: Lawrence Erl-
baum Associates; 1994.

King GA, McDougall ], Palisano R, Grtizan ], Tucker MA: Goal
attainment scaling: its use in evalutaing pediatric therapy
programs. Physical and Occupational Therapy in Pediatrics 1999,
19:31-52.

MacKnight C, Rockwood K: A Hierarchical Assessment of Bal-
ance and Mobility. Age and Ageing 1995, 24:126-130.

MacKnight C, Rockwood K: Rasch analysis of the hierarchical
assessment of balance and mobility (HABAM). Journal of Clini-
cal Epidemiology 2000, 53:1242-1247.

Gerety MB, Mulrow CD, Tuley MR, Hazuda HP, Lichtenstein M),
Bohannon R, Kanten DN, O'Neil MB, Gorton A: Development and
validation of the physical performance instrument for the
functionally impaired elderly: The Physical Disability index.
Journal of Gerontology 1993, 48:M33-M38.

Winograd CH, Lemsky CM, Nevitt MC, Nordstrom TM, Stewart AL,
Miller CJ, Bloch DA: Development of a physical performance
and mobility examination. Journal of the American Geriatrics Society
1994, 42:743-749.

Chiu AYY, Au-Yeung SSY, Lo SK: A comparison of four func-
tional tests in discriminating fallers from non-fallers in older
people. Disability and Rehabilitation 2003, 25:45-50.

Cuijpers CJ, Nelissen LH, Lenssen AF: Intra-rater and inter-rater
reliability of the Dutch version of the Elderly Mobility Scale
in the frail elderly. Nederlands Tijdschrift Voor Fysiotherapie 2004,
114:110-113.

Prosser L, Canby A: Further validation of the Elderly Mobility
Scale for measurement of mobility of hospitalized elderly
people. Clinical Rehabilitation 1997, 11:338-343.

Spilg EG, Martin BJ, Mitchell SL: Falls risk following discharge
from a geriatric day hospital. Clinical Rehabilitation 2003,
17:334-340.

Lai J, Woo J, Hui E, Chan WM: Telerehabilitation- a new model
for community-based stroke rehabilitation. Journal of Telemed-
icine and Telecare 2004, 10:199-205.

Spilg EG, Martin BJ, Mitchell SL, Aitchison TC: A comparison of
mobility assessments in a geriatric day hospital. Clinical Reha-
bilitation 2001, 15:296-300.

Andrich D, Marais |: EDU435/635 Instrument design with Rasch IRT and
data analysis 1. Unit Materials Semester 2, 2005 Perth, Western Aus-
tralia: School of Education, Murdoch University; 2005.

Streiner DL, Norman GR: Health Measurement Scales. A practical guide
to their development and use Second edition. New York: Oxford Uni-
versity Press; 1995.

Gordon JE, Powell C, Rockwood K: Goal attainment scaling as a
measure of clinically important change in nursing-home
patients. Age and Ageing 1999, 28:275-281.

Page 14 of 15

(page number not for citation purposes)


http://www.biomedcentral.com/content/supplementary/1477-7525-6-44-S1.doc
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12657063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12657063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12657063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1991946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1991946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3763704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3763704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14258950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14258950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3403500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3403500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2760661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2760661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17182667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17182667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17182667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17253572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17253572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17213236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17213236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17213236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17535146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17535146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17535146
http://www.csp.org.uk/effectivepractice/outcomemeasures.cfm
http://www.csp.org.uk/effectivepractice/outcomemeasures.cfm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2868172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2868172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2691207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2691207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12719681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12719681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12719681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11869163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11869163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11869163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12745941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12745941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12745941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11146271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11146271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8473692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8473692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8014350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8014350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9408676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9408676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9408676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12735542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12735542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15273029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15273029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11386400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11386400

Health and Quality of Life Outcomes 2008, 6:44

39.

40.

41.

42.

Sherrington C, Lord S: Reliability of simple portable tests of
physical performance in older people after hip fracture. Clin-
ical Rehabilitation 2005, 19:496-504.

Winograd CH, Lindenberger EC, Chavez CM, Mauricio MP, Shi H,
Bloch DA: Identifying hospitalized older patients at varying
risk for physical performance decline: a new approach. Jour-
nal of the American Geriatrics Society 1997, 45:604-609.

MacKnight C, Sibley A, Rockwood K: The sensibility of bedside
tests of balance and mobility. Geriatrics Today: Journal of the Cana-
dian Geriatrics Society 2002, 5:140-144.

MacKnight C, Rockwood K: Mobility and balance in the elderly:
a guide to bedside assessment. Postgraduate Medicine 1996,
99:269-271.

http://www.hglo.com/content/6/1/44

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Page 15 of 15

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16119405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16119405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9158583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9158583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8637835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8637835
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Phase One: instrument search
	Inclusion and exclusion criteria
	Instrument identification and selection

	Phase Two: clinimetric search
	Instrument evaluation
	Instrument characteristics
	Internal structure and dimensionality
	Reliability
	Validity
	Minimally clinically important difference
	Responsiveness to change
	Acceptability and feasibility


	Results
	Phase one: instrument search
	Phase two: clinimetric search

	Elderly Mobility Scale
	Characteristics
	Internal structure and dimensionality
	Reliability
	Validity
	Minimally clinically important difference
	Responsiveness
	Acceptability and feasibility

	Hierarchical Assessment of Balance and Mobility
	Characteristics
	Internal structure and dimensionality
	Reliability
	Validity
	Minimally clinically important difference
	Responsiveness
	Acceptability and feasibility

	Physical Performance and Mobility Examination
	Characteristics
	Internal structure and dimensionality
	Reliability
	Validity
	Minimally clinically important difference
	Responsiveness
	Acceptability and feasibility

	Comparison of error estimates and clinically important change

	Discussion
	Strengths and Limitations

	Conclusion
	Competing interests
	Authors' contributions
	Appendix 1. Medline search strategy for existing mobility outcome measures
	Appendix 2. Medline search strategy for clinimetric papers of existing mobility outcome measures
	Additional material
	Acknowledgements
	References

