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Use of a physiological profile to document motor
impairment in ageing and in clinical groups
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Abstract Ageing decreases exercise performance and is frequently accompanied by reductions in
cognitive performance. Deterioration in the physiological capacity to stand, locomote and exercise
can manifest itself as falling over and represents a significant deterioration in sensorimotor
control. In the elderly, falling leads to serious morbidity and mortality with major societal
costs. Measurement of a suite of physiological capacities that are required for successful motor
performance (including vision, muscle strength, proprioception and balance) has been used to
produce a physiological profile assessment (PPA) which has been tracked over the age spectrum
and in different diseases (e.g. multiple sclerosis, Parkinson’s disease). As well as measures of specific
physiological capacities, the PPA generates an overall ‘score’ which quantitatively measures an
individual’s cumulative risk of falling. The present review collates data from the PPA (and the
physiological capacities it measures) as well as its use in strategies to reduce falls in the elderly
and those with different diseases. We emphasise that (i) motor impairment arises via reductions
in a wide range of sensorimotor abilities; (ii) the PPA approach not only gives a snapshot of the
physiological capacity of an individual, but it also gives insight into the deficits among groups
of individuals with particular diseases; and (iii) deficits in seemingly restricted and disparate
physiological domains (e.g. vision, strength, cognition) are funnelled into impairments in tasks
requiring upright balance. Motor impairments become more prevalent with ageing but careful
physiological measurement and appropriate interventions offer a way to maximise health across
the lifespan.
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Corresponding author S. R. Lord: Neuroscience Research Australia, University of New South Wales, Barker Street,
Randwick, Sydney, New South Wales 2031, Australia. Email: s.lord@neura.edu.au

Abstract figure legend Physiological profile for an individual older person showing performance scores expressed in
z-score units in relation to the population aged 65 years and older. The profile indicates near average performances for
proprioception, knee extension strength and reaction time and below average performances for visual contrast sensitivity
and the standing and leaning balance tests. This information can be used to guide fall prevention strategies.

Abbreviations AMD, age-related macular degeneration; MS, multiple sclerosis; PD, Parkinson’s disease; PPA, physio-
logical profile assessment.

Background

There is a growing health and economic burden associated
with ageing combined with the high prevalence of diseases
which impair the ability to perform essential tasks for
daily living. The link between physiological performance
and ageing is complex as it is affected so prominently by
exercise and inactivity (Pollock et al. 2015). This provides
an impetus for strategies in ageing to measure and improve
function and to delay its deterioration (Seals et al. 2015).
A range of diseases and age-related health conditions
cause physical disability that impose limitations upon
daily activities and threaten autonomy (Barbotte et al.
2001). For example, Parkinson’s disease is associated with
motor slowing, poliomyelitis is associated with reduced
muscle strength, age-related macular degeneration is
associated with vision loss, and diseases like dementia
and depression are associated with reduced cognitive
processing. Motor impairment is often the final common
pathway that causes physical disability in a wide range
of these diseases. Figure 1 shows a conceptual model
for the control of movement which incorporates the
central nervous system, muscular apparatus and the actual
motor outcomes. It emphasises that afferent feedback

arises continuously from muscles and the motor actions
themselves which must be incorporated with feedback
from centrally generated motor signals. Deficits at multiple
levels within this schema reduce the likelihood that
movements related to standing and locomotion are
performed successfully.

Sensory MusclesMotor

Nervous system

Action
e.g. reaching, standing,
stepping, walking

Figure 1. A simple model underlying production of
movements and maintenance of postures
The two horizontal arrows from left to right show the integrated
output from the central nervous system which drives muscle contrac-
tions and then functional actions. The vertical arrows emphasise the
feedback resulting from the actions themselves, from the muscles, as
well as sensorimotor signals generated at supraspinal levels.
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Our research has used falls as a paradigm reflecting the
risk that a fundamental motor output, namely reaching,
standing, stepping and walking, is dysfunctional. Hence,
falls can be viewed within the framework of what
constitutes normal physiological performance. Falls and
fall-related injuries are leading causes of disease burden
among people aged 65 years and over. Over one-third
of community-dwelling older adults fall each year with
about 15% of falls being injurious (O’Loughlin et al.
1993). Any fall, particularly in older people, is a significant
threat to health, and when measured in individuals or in
populations, the frequency or incidence of falling provides
a robust marker of impaired physiological function.
Therefore, not surprisingly, there has been much research
on key risk factors for falls. The traditional approach is
to identify medical conditions which predispose to falls
(Tinetti & Kumar, 2010). Several studies have identified
many medical conditions which contribute to falls risk,
including chronic and degenerative diseases such as stroke
(Tinetti et al. 1988; Campbell et al. 1989; Nevitt et al.
1989; Forster & Young, 1995; Jørgensen et al. 2002),
Parkinson’s disease (Ashburn et al. 2001; Schrag et al.
2002; Wood et al. 2002), arthritis (Sturnieks et al. 2004),
foot problems (Menz & Lord, 2001), cognitive impairment
(Tinetti et al. 1988; van Dijk et al. 1993; Shaw et al.
2003), diabetes (Richardson et al. 1992; Schwartz et al.
2000), cataracts (Ivers et al. 1998) and vestibular disorders
(Herdman et al. 2000; Whitney et al. 2000). However,
attribution of a degree of fall risk to a medical diagnosis
is problematic because the severity of such conditions
varies across individuals and comorbidity is common in
older age. Furthermore, sensory and motor impairments
associated with increased age, inactivity, medication use,
or minor pathology are highly prevalent in older people
without documented medical conditions.

We have proposed an ‘impairment profiling’ rather
than a ‘disease-based/medical’ approach to address this
issue (Lord et al. 2003), placed within the context of the
simple model that underlies the production of movements
and maintenance of postures (Fig. 1). Termed the physio-
logical profile assessment (PPA), it involves quantitative
assessment of sensorimotor abilities critical for the control
of balance. Function in each of these systems declines with
age (Lord & Ward, 1994) and impairments in each system
increase the risk of falling (Lord et al. 1991, 1992). Further,
the sensorimotor impairment due to medical conditions,
whether diagnosed or not, will usually manifest in one
or more of the physiological tests. A marked deficit in
any one system may be sufficient to predispose an older
person to fall, but a combination of mild or moderate
impairments across physiological systems is also likely to
increase the risk of falling. Measurement of an individual’s
sensorimotor abilities identifies impairments in one or
more physiological systems and determines cumulative fall
risk.

The present review covers development of the
profiling approach and then summarises the changes
in physiological performance in a number of diseases
including people with multiple sclerosis, stroke, cognitive
impairment, depressed mood, macular degeneration,
lower limb osteoarthritis and prior polio. The main aim
is to assess and compare the physiological profiles across a
number of seemingly ‘single’ diseases or disabilities. The
value of this approach for assessing fall risk, tailoring a fall
prevention programme and evaluating the effectiveness of
interventions is also considered.

Components of the physiological profile assessment
(PPA)

The physiological profile assessment (PPA) has two
versions: a short and a comprehensive version, both of
which comprise quantitative tests of vision, lower limb
sensation, muscle strength, reaction time and balance,
which are described in detail elsewhere (Lord et al. 2003).
In order for the PPA to be practical in clinical settings,
the tests are low-tech, quick and easy to administer, and
feasible for people with various levels of disability to
undertake (i.e. have minimal floor or ceiling effects). Each
measure has proven external validity with respect to falls
and acceptable test–retest reliability.

For the comprehensive version, vision is assessed with
tests of low and high contrast visual acuity, visual contrast
sensitivity and depth perception (assessed using logMAR
charts, the Melbourne Edge Test and a Howard–Dolman
device, respectively). Lower limb sensation is assessed with
a test of tactile sensitivity using a von Frey filament,
and a test of proprioception measured using a lower
limb-matching task, with errors in degrees recorded
using a protractor inscribed on a vertical clear acrylic
sheet placed between the legs. Maximal voluntary knee
extension, knee flexion and ankle dorsiflexion strength
are measured isometrically in the dominant leg with
participants seated. Simple reaction time is measured
using a light as a stimulus and both a finger press and
a foot press as the response. Balance is assessed with tests
of postural sway (path length, measured using a sway
meter recording displacements of the body at the pelvis
with participants standing on the floor and a foam mat
with eyes open and closed), and controlled leaning balance
(maximal balance and coordinated stability tests) which
assess the participant’s ability to adjust body position in a
steady and coordinated way when at or near the limits of
their base of support.

The short version of the PPA includes the five
non-redundant items identified from discriminant
function analyses (visual contrast sensitivity, lower limb
proprioception, knee extension strength, finger press
reaction time and sway on foam with eyes open) as

C© 2015 The Authors. The Journal of Physiology C© 2015 The Physiological Society
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significant independent discriminators between fallers
and non-fallers as identified in prospective studies in
community-dwelling older people (Lord et al. 1991, 1992,
2003; Lord & Dayhew, 2001). The two versions provide
the same fall risk score based on discriminant function
analysis (Lord et al. 2003). The five items from the short
form and the leaning balance tasks are depicted in Fig. 2.

The final component of the PPA is a normative database
compiled from assessments of over 4000 participants
aged 20 years and older (www.neura.edu.au/fbrg) (Lord
et al. 1991, 1992, 1994a, 2003; Lord & Ward, 1994; Lord
& Dayhew, 2001), in which the inclusion criteria were
restricted to intact cognition and an ability to undertake
the assessments. This resource allows an individual’s PPA
performance to be evaluated in relation to population
norms for people aged 65 years and over (a representative
group for many conditions in which motor impairments
are manifest) to provide (a) an overall personalised
estimate of fall risk and (b) a profile of individual test
performances (Lord et al. 2003). As performance for each
test is measured on a continuum, scores can be contrasted
with the normative database and converted to standard
(z-scores) to provide a graphical representation of physio-
logical ‘strengths’ and ‘weaknesses’.

Discriminative ability of the PPA for assessment of fall
risk in older people

Several studies have evaluated the discriminative ability of
the PPA tests with respect to falls in older people (Lord
et al. 1991, 1992, 1994a, 1996; Lord & Clark, 1996; Lord
& Dayhew, 2001). In a 1-year prospective study of 95
residents of an intermediate-care hostel, aged 59–97 years,
PPA measurements correctly classified participants into a
multiple falls group (two or more falls) or a non-multiple
falls group (no falls or one fall) with an accuracy of 79%
(Lord et al. 1991). This categorisation of fall status, i.e.
multiple falls within a year, is more likely to indicate
physiological impairments and chronic conditions than
does a single fall (Nevitt et al. 1989; Lord et al. 1994b;
Ivers et al. 1998). In a subsequent study in a similar
setting, the discrimination between faller and non-faller
groups increased to 86% with the addition of a validated
assessment of cognitive functioning (Lord & Clark, 1996).

The PPA also has good predictive ability in
community-dwelling populations. In a 1-year prospective
study of 414 community-dwelling women aged
65–99 years, PPA measurements correctly classified
participants into a multiple falls group or a non-multiple
falls group with 75% accuracy (Lord et al. 1994b).

Visual contrast
sensitivity

Lower limb proprioception

Simple reaction
time

Maximum leaning

Controlled leaningPostural swayKnee extension 
strength

Fall risk score: predicts recurrent falls
with up to 75% accuracy 

Physiological profile assesment (PPA) Leaning balance

AP movement 
distance

Figure 2. Depiction of the various tests of physiological functions used in the Physiological Profile
Assessment (PPA)
The diagram shows the key tests used in the short form of the PPA. Performance in these tests provides a global
indication of performance and can be expressed as a risk score for falls (see text). This output of the PPA is shown
in more detail in Fig. 5.
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The largest study using the PPA was a cross-sectional
investigation of 1762 community-dwelling people aged
60–100 years. Independent of age, participants with
a history of falls exhibited reduced knee extension
strength, poorer tactile sensitivity and greater sway
than those without a history of falls (Lord & Dayhew,
2001). PPA measures also discriminate between older
community-dwelling people with and without a history
of injurious falls (Lord et al. 1992).

Physiological profiling assessment (PPA) in clinical
groups

The PPA has been used in clinical groups with balance
disorders and subsequent increased risk of falling,
including people with multiple sclerosis (Hoang et al.
2014), stroke (Dean et al. 2012), cognitive impairment
(Lorbach et al. 2007; Suttanon et al. 2012; Taylor et al.
2012), Parkinson’s disease (Latt et al. 2009; Paul et al.
2014), depressed mood (Kvelde et al. 2015), macular
degeneration (Szabo et al. 2008), diabetes (Lord et al.
1993), lower limb osteoarthritis (Sturnieks et al. 2004)
and a history of poliomyelitis (Lord et al. 2002). Figure 3
shows the standard (z) score for tests of visual contrast
sensitivity, lower limb proprioception, knee extension
strength, hand reaction time, postural sway on a firm and
compliant surface and maximal and coordinated leaning
balance for several of these clinical groups as well as
for normal young people. In each case, the young and
clinical group z-scores are based on the large normative
database of the reference group of community-dwelling
people aged 65 years and over. The population profiles
reveal large differences among the groups. As expected,
the young normal group score well above the mean
normative scores for the older population group in each
test. Marked differences are evident for visual contrast
sensitivity, knee extension strength, reaction time and the
leaning balance tests: measures for which there are large
age-related declines (Lord & Ward, 1994).

The group with age-related macular degeneration
performed poorly in the visual contrast sensitivity test,
documenting the large effect this condition has on visual
functioning (Szabo et al. 2008). However, this group had
impaired strength, reaction time and balance, particularly
in the postural sway test with eyes open on the foam rubber
mat. This latter measure relies strongly on visual input
because proprioceptive input from the feet and ankles is
reduced (Menz & Lord, 2001). This indicates that people
with macular degeneration are at risk for falling, not only
because of a reduced ability to perceive hazards in the
environment but also because of reduced strength, slow
reaction times and impaired balance.

Two of the clinical groups (i.e. those with prior polio
and multiple sclerosis) were relatively young (both with a

mean age of 51 years) in relation to the reference norms.
The multiple sclerosis group performed relatively well in
the tests of visual contrast sensitivity and knee extension
strength. However, despite their younger age, this group
performed below the mean reference values for proprio-
ception and reaction time, and performed poorly in each
of the balance tests. In the multivariate logistic regression
analyses, both postural sway and coordinated stability were
significant and independent predictors of multiple falls.
This indicates that people with multiple sclerosis have both
impairments to quiet standing (underpinned by reduced
peripheral sensation and lower limb muscle strength)
and controlled leaning balance control. The relatively
poor performance in the reaction time test illustrated
in Fig. 3A as well as in tests of executive functioning
(trail-making test) and coordination (nine-hole peg test)
indicate people with multiple sclerosis suffer from central
deficits in planning and movement control in addition to
poor balance control (Hoang et al. 2014).

The group with prior polio performed poorly on the
knee extension strength and postural sway tests, but had
good vision and average proprioception and reaction
time. This is consistent with the physiological concept
that people with prior polio are a group with lower-limb
weakness, but in which other systems associated with
balance are similar to those in the general community
(Lord et al. 2002). Consistent with previous studies of older
people (Lord & Ward, 1994; Lord & Menz, 2000), reduced
muscle strength impairs standing balance as measured by
postural sway, particularly when participants stand with
eyes closed or on a compliant surface.

The group with osteoarthritis was drawn from a cohort
of 764 older people in whom the presence of medical
conditions was determined by self-report (Sachdev et al.
2010). As over half of the participants (n = 399,
52.2%) reported osteoarthritis, the group findings over-
lap considerably with the normative reference data. This
reflects why in our example this group does not appear
to have notable proprioceptive or strength impairments
compared with previously reported studies in people with
lower limb osteoarthritis (Sturnieks et al. 2004). However,
the postural sway, maximal balance range and coordinated
stability scores were below values for community-dwelling
people as a whole. This is consistent with results from a
study that compared 283 older people with lower limb
arthritis with 401 age-matched control participants, in
which those with self-reported arthritis had significantly
more falls and fall injuries than their peers who did not
report this condition (Sturnieks et al. 2004).

The group with depressive symptoms was also drawn
from the Sydney Memory and Ageing cohort (Sachdev
et al. 2010). This group of 126 people had similar vision,
proprioception, strength and reaction time, but below
average postural sway, maximal leaning balance range
and controlled leaning balance when compared with the

C© 2015 The Authors. The Journal of Physiology C© 2015 The Physiological Society
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normative values for older community-dwelling people.
Younger depressed people also have slower reaction times
compared to controls (Caligiuri & Ellwanger, 2000). Much
research indicates that depression in older age is not an iso-
lated psychological phenomenon and is linked with muscle
weakness, impaired balance and slower gait (Kvelde et al.
2013).

While the PPA was devised for physically and cognitively
intact older people, it has been feasible to assess fall risk
in clinical groups of people with cognitive impairment
(Lorbach et al. 2007; Suttanon et al. 2012; Taylor et al.
2012), Parkinson’s disease (Latt et al. 2009; Paul et al.

2014) and stroke (Dean et al. 2012). The profile for the
cognitively impaired group indicates poor performances
in the tests of reaction time, knee extension strength,
postural sway and controlled leaning balance while
being comparable in vision and proprioception compared
to normative values for community-dwelling people.
This profile indicates substantial motor impairments
which add to concomitant cognitive, psychological and
medication-related risk factors (Taylor et al. 2014). People
with stroke and Parkinson’s disease have very high falling
rates (Dean et al. 2012; Taylor et al. 2014). Their profiles
indicate poor performances across a range of tests (knee
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Polio
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Figure 3. z-scores from the physiological profile assessment (PPA) for different groups
Data are from a young group and from patient groups in which the participants have age-related macular
degeneration (AMD), prior polio, multiple sclerosis (MS), osteoarthritis, depression, dementia, Parkinson’s disease
(PD) and stroke. A, data for key physiological abilities: detection of visual edges (edge-control sensitivity), proprio-
ception using a matching task for knee angle, maximal strength of knee extensors and reaction time using a hand
response. B, data for sway on the floor with eyes open, sway on a foam rubber mat, maximum leaning balance
and controlled leaning balance. Horizontal bars show the mean z-score (compared to the reference group) with
standard error of the mean. The reference group in each case comprises over 4000 community-living people
aged 65+ years in which the inclusion criteria were restricted to intact cognition and an ability to undertake
the assessments (www.neura.edu.au/fbrg). Note some data were not collected in the dementia and macular
degeneration groups.
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extension strength, reaction time, postural sway and the
maximal leaning balance range and controlled leaning
balance tests).

The above profiles have been presented to show group
data for clinical groups in which balance disorders and
a high risk of falls are common. However, as indicated
in the ‘Background’ (above), attribution of a degree
of fall risk to a specific medical diagnosis can be
problematic because the severity of such conditions varies
considerably among individuals. This is illustrated with
two profiles of individuals with stroke drawn from a
large community-based trial (Dean et al. 2012) (Fig. 4).
The heterogeneity of this condition is readily apparent.
The profile depicted in Fig. 4A shows above-average
performance for vision, proprioception, knee extension
strength, reaction time and maximal leaning balance
but average performance (i.e. one standard deviation
below average) for only one balance measure. In contrast,
the profile depicted in Fig. 4B shows performances for
knee extension strength are more than one standard

Visual contrast sensitivity

Lower limb proprioception

Knee extension strength

Reaction time - hand

Sway on floor - eyes open

Sway on foam -  eyes open

Controlled leaning balance

Maximum leaning balance

–3 –2 –1 0 1 2 3

A
Visual contrast sensitivity

Lower limb proprioception

Knee extension strength

Reaction time - hand

Sway on floor - eyes open

Sway on foam -  eyes open

Controlled leaning balance

Maximum leaning balance

–3 –2 –1 0 1 2 3
B

Figure 4. Contrasting data from two individuals with stroke
for the components of the physiological profile assessment
(PPA)
The x-axis depicts the z-score for the components. The knee
extension strength score is the average of the two lower limbs.

deviation below average, and reaction time, sway and
controlled leaning balance are more than two standard
deviations below average. Such divergent profiles provide
valuable information for the design of targeted exercise
and personalised interventions (Buford & Pahor, 2012).

Figure 5 shows the overall fall risk scores derived from
the PPA for the clinical populations in relation to age, with
the fall risk categorised from ‘very low’ to ‘very marked’.
Ageing is associated with a predictable temporal pattern of
functional decline. The clinical groups all have high scores,
with the younger prior polio and multiple sclerosis groups
scoring well above levels found in their peers of the same
age without these conditions.

Use of the PPA in interventions

The tests of strength, speed and balance in the PPA have
been used to assess the effectiveness of exercise in older
people (Sherrington et al. 2008) and clinical groups with
balance disorders, including people with multiple sclerosis
(Hoang et al. 2015), stroke (Dean et al. 2012), Parkinson’s
disease (Allen et al. 2010) and cognitive impairment
(Wesson et al. 2013). The inclusion of these measures in
clinical trials helps in elucidating the mechanisms by which
interventions may prevent falls. For example in older
people, the evidence shows that exercise programmes with
moderate- to high-intensity balance training are the most
effective exercise interventions to diminish the incidence
of falls (Sherrington et al. 2008).

The PPA fall risk score has also been used as an
outcome measure in randomised controlled trials in
studies of older people (Liu-Ambrose et al. 2004; Lord
et al. 2005) and people with stroke (Allen et al. 2010) and
cognitive impairment (Wesson et al. 2013). The first of
these compared the effectiveness of group resistance and
agility training programmes in reducing fall risk in 98
community-dwelling older women with low bone mass
(Liu-Ambrose et al. 2004). At the end of the 25 week trial,
PPA fall risk scores were reduced by 57% and 48% in the
resistance and agility training groups, respectively, but by
only 20% in a control group that undertook stretching
exercises. In both the resistance and agility groups, the
reduction in fall risk was mediated primarily by improved
postural stability, with sway reduced by 31% and 29%,
respectively.

A second randomised controlled trial examined
whether tailored interventions identified by the PPA could
reduce fall risk by maximising vision, muscle strength,
coordination and balance in 620 community-dwelling
people aged 75 years and over (Lord et al. 2005).
The participants underwent the PPA at baseline and at
the mid-point of the trial. At retest, the participants
randomised to the exercise intervention showed significant
improvements in knee flexion strength and sit-to-stand

C© 2015 The Authors. The Journal of Physiology C© 2015 The Physiological Society
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times compared with the controls. Similarly, participants
randomised to the visual intervention (referral to an
eye-care specialist) showed significant improvements in
visual acuity and contrast sensitivity. Overall, PPA fall risk
scores decreased significantly in the intervention group.

The studies involving exercise interventions for people
with stroke and cognitive impairment have been of a
more pilot nature and have not demonstrated significantly
improved PPA scores or reduced fall rates (Allen et al.
2010; Wesson et al. 2013). These findings agree with
those of other recent studies and may indicate that
exercise alone is not an effective fall prevention strategy in
high-risk populations. For example, exercise programmes
have failed to prevent falls in older people recently
discharged from hospital (Sherrington et al. 2014) or
older people with documented frailty (Fairhall et al.
2014). This area requires further investigation but it seems
that multifactorial interventions may be needed to pre-
vent falls in high-risk people with these more complex
conditions.

Conclusions and implications

As implied by our simple model (Fig. 1), the deterioration
in physical performance with ageing is much more than
simply the well-described reduction in muscle function
(Conley et al. 2000). The above findings illustrate the
use of a physiological profiling approach not only to
identify sensory and motor impairments in older people
at risk of falls but also to document reduced physiological
performance in people with a range of disorders such as

multiple sclerosis, stroke, cognitive impairment, depressed
mood, macular degeneration, lower limb osteoarthritis
and a history of polio. The group profiles presented in
Fig. 3 show condition-specific impairments and the fall
risk graph (Fig. 5) reveals the extent to which these groups
are at an elevated risk of falls.

Concomitant impairments in physiological, psych-
ological and cognitive function are common across
diseases and in old age. It is expected that multiple
impairments across this triad add cumulatively to
disability and to limitations in physical activity (Herman
et al. 2010; Martin et al. 2013). For example, higher levels
of emotional distress (i.e. depression, anxiety) can reduce
autonomy through restricting activities of daily living
and consequent loss in physical function (Van Haastregt
et al. 2008). Furthermore, a large body of literature
has described the role of higher cognitive processing
in relation to standing and locomotion (Woollacott &
Shumway-Cook, 2002). Therefore, while the physiological
domains within the profiles are able to distinguish fallers
from non-fallers between disease groups as shown in
Fig. 3, related research has shown that disease-specific
factors — such as executive functioning and freezing
of gait in people with Parkinson’s disease (Latt et al.
2009; Paul et al. 2014) or impaired cognition in people
following stroke (Liu-Ambrose et al. 2007), depressive
symptoms in people with cognitive impairment (Taylor
et al. 2012), and reduced fine motor control in people
with multiple sclerosis (Hoang et al. 2014) — provide
added ability to predict an adverse outcome such as
falls. The PPA measures include cognitive processing

–1

0

1

2

3

30 40 50 60 70 80 90 100

Very marked

Marked

Moderate

Mild

Low

Very low

Age (years)

Fa
ll 

ris
k 

sc
or

e
B

et
te

r
W

or
se

AMD

Stroke

MS

Polio
PD

Dementia

Depression

Arthritis
Figure 5. Relationship between the risk
of falls derived from the physiological
profile assessments and age
The light blue curved band shows the
normal range across the lifespan – top
border indicating 75th percentile and
bottom border 10th percentile.
Superimposed on this established
relationship are group scores for a number
of diseases and disabilities including polio,
multiple sclerosis (MS), stroke, Parkinson’s
disease (PD), age-related macular
degeneration (AMD), dementia, depression
and arthritis. The middle of the bubble
points indicate the group mean scores, and
the bubble size indicates the group standard
deviations.
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speed by means of simple hand reaction time, which was
affected in Parkinson’s disease, stroke, multiple sclerosis
and dementia, as shown in Fig. 3A. While it is likely
that general slowing in processing of information is the
key cause of delayed motor responses (Salthouse, 1996),
other cognitive functions (e.g. executive functioning and
attention) have recently been investigated in more detail in
relation to balance control and walking (Yogev-Seligmann
et al. 2008). Impaired executive functioning reduces the
ability of an individual to attend to relevant sensory
information required for maintaining balance when
walking (Yogev-Seligmann et al. 2008). The effect of
attentional limits on balance and gait is especially apparent
during dual-tasks when sensorimotor and cognitive tasks
are performed concurrently (e.g. walking when talking)
or when walking in complex environments (e.g. walking
in crowded areas) (Woollacott & Shumway-Cook, 2002).

Our collated findings from across the age and
disease range emphasise that functionally relevant motor
impairments, such as an increased risk of falling, arise
from many different deficits in sensorimotor capacities.
A deficit in one capacity may be sufficient to increase
the risk (e.g. poor leg muscle strength in prior polio),
but commonly several physiological deficits are combined.
Furthermore, deficits in a restricted physiological domain
(e.g. vision, strength, cognition) can be ‘amplified’ such
that they impair more complex physiological tasks such as
standing, balancing and walking. The motor impairment
of impaired balance (with its concomitant risk of recurrent
falling) is a final common outcome in ageing and a range
of highly prevalent disorders.

Finally, the profiling approach has clinical implications.
If used on an individual basis, it gives a measurement of
physiological vigor (conversely viewed as frailty) and fall
risk, and it allows subsequent tailoring of personalised
interventions to maximise sensorimotor and balance
function to enhance mobility. When viewed from the
perspective of disease groups, the profiling approach can
provide practical insight into the physiology of tasks
such as standing and how this task is commonly affected
in different diseases. With the challenges of population
ageing being felt across most nations, increased emphasis
must be placed on strategies to measure important
functional abilities and then to intervene to improve them
and slow their decline.
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