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ASSOCIATIONS OF SENSORY-MOTOR FUNCTIONS WITH POOR MOBILITY IN
75- AND 80-YEAR-OLD PEOPLE

Ritva Sakari-Rantala, PT, MSc,’ Pertti Era, PhD,!? Taina Rantanen, PhD* and Eino Heikkinen, MD, PhD'!

From the 'Department of Health Sciences and the Finnish Centre for Interdisciplinary Gerontology, University of
Jyviskyld, and *Metitur Limited, Jyviskyld, Finland

ABSTRACT. This study investigated the assoecia-
tions of sensory-motor functions with mobility in
elderly people. All 75- and 80-year-old residents of
the city of Jyviskyli, Finland, were invited to take
part in the study. A total of 617 (93%) persons
were interviewed, and 500 (75%) took part in
laboratory examinations. Self-reported mobility
was recorded during the interview. Basic mobility
functions (maximal walking speed and stair-
mounting ability) and sensory-motor functions
(maximal isometric muscle strength, standing
balance, reaction time and visual acuity) were
measured in the laboratory. Multivariate analyses
showed that poor sensory-motor functions were
significantly associated with poor performance in
basic mobility functions and that poor perfor-
mance in basic mobility functions was associated
with self-reported disability in mobility. The
associations discovered were consistent with
models of the disablement process. Muscle
strength, balance, reaction time and vision all
have individual significance for mobility, under-
lining the need for multifactorial approaches in
prevention and rehabilitation.

Key words: disability; elderly; functional limitation;
impairment; mobility; sensory—motor function.

INTRODUCTION

Mobility is determined and coordinated by musculo-
skeletal, cardiorespiratory, sensory and neural sys-
tems. For example, without sufficient knee extensor
strength it is not possible to climb stairs (25, 35). The
maintenance of postural stability is a crucial require-
ment in walking because the body is actually in a
continual state of dynamic imbalance (22). During
locomotion, vision is needed for monitoring and
analysing the location and movement of the body as
well as the environmental conditions to which the

motor system should respond (18, 28). The ability to
react quickly is needed for the avoidance of obstacles
in the gait path (5).

The sensory—motor background factors of mobility
are impaired by aging, chronic diseases and inactivity.
The decline of mobility that typically follows with old
age can be described with models of the disablement
process (24,32). Nagi (24) and Verbrugge & Jette
(32) suggest that different kinds of pathologies cause
different impairments at the organ system level (for
example, dysfunctions and abnormalities in musculo-
skeletal and cardiovascular systems). These impair-
ments usually lead to basic functional limitations (for
example, restrictions in basic physical actions such as
ambulation, reach, stoop), which often cause dis-
ability in everyday life (for example, difficulties in
activities of daily living in the person’s own living
environment).

This cross-sectional study set out to investigate the
associations of sensory-motor functions that are
essential for locomotion, such as muscle strength,
balance, reaction time and vision, with the mobility of
elderly people. At the same time the purpose was to
establish whether the associations uncovered are
consistent with the assumed pathway of the disable-
ment process. The model of the disablement process
(24, 32) was modified to consider mobility and its
sensory—motor background factors at the three last
levels (impairments, functional limitations and dis-
ability). To date, only a few studies have analysed
more than two consecutive levels of the model
simultaneously (e.g. 14, 17), and none of these have
focused exclusively on the mobility of elderly people.

METHODS
Subjects

This study is part of the EVERGREEN project, a major
research programme focusing on the health and functional
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capacity of the elderly population of the city of Jyviiskyld,
central Finland (13). The study groups comprised all people
born in 1910 and 1914. In 1989, 119 (95.2%) men and 236
(91.8%) women from the younger age group (75-year-olds)
took part in interviews carried out in their homes. Of the
invited and eligible persons, 104 (83.2%) men and 191
(74.3%) women came to laboratory examinations about 2
weeks later. In 80-year-old men and wormen in 1990, the
corresponding figures were 74 (96.1%) and 188 (90.4%) for
the interviews and 60 (77.9%) and 145 (69.7%) for. the
laboratory examinations. Poor health was. one of the major
reasons why some people were unable to participate in the
laboratory examinations. A significantly greater proportion
of those who could not attend the laboratory examinations
needed help in their mobility (p < 0.05 in every subgroup).
Although the majority of the participants lived in the
community (only 9 lived in institutions), there was
considerable variation among the subjects in' terms of
chronic . morbidity. For. example, . the. study population
included persons with several chronic diseases (maximum
8) and those without any diagnosed disease.

Assessment procedures

The interview comprised issues on sociodemographic -

factors, Activitics of Daily Living (ADL) and living
conditions. In addition, the subjects: completed ‘a health
questionnaire. at home. The laboratory examinations in-
cluded a medical examination, measurement of height and
* weight, performance tests of ‘mobility, measurements of
sensory and psychomotor functions. and muscle- strength
tests.

Mobility index. The disability level in the disablement
process (24, 32) was represented by a mobility index,
which indicated how mobility problems: were manifested
in the subject’s everyday life. The index was formed on
the basis of the subject’s self-reported ability to get about
indoors ‘and outdoors ‘and ‘to' negotiate stairs. These
questions were: part of the: ADL :Scale (2). The subjects
were asked whether they are able to do the task, whether
they get tired when doing the task, whether the task takes
more time than before and  whether they need help
(alternatives  yes and no). The.index: consisted: of three
categories. The subjects who reported need of help in any
of the three tasks were allocated to the first category, the
subjects who reported slowness or tiredness in at least one
task:but no need of help to the second category, and those
participants. who were able to perform the tasks without
difficulty to the third category. The inter-rater and intra-
rater reliability of the’ original ‘three questions has been
evaluated and found to be high in a Danish sample (4):-

In order to validate the mobility index, information about
5-year mortality was obtained from the register of the
‘province of Central Finland. Self-rated health was asked in
the health questionnaire. (scaling: 1= very good; 2= good,
3 = satisfactory, 4 = poor, 5 = very poor) and the prevalence
of chronic diseases (lasting more than 3 months) was
obtained at the medical examination. In logistic regression,
adjusted for age and sex, the probability of dying was seven
times greater among those who reported need of help [odds
ratio (OR) 7.07, confidence interval (CI) 3.21 — 15.62] and
two times greater among those who reported slowness or
tiredness (OR 1.97, CI 1.04-3.73) when compared to those
who had no difficulties. Similarly, the OR for rating one’s
health poor was 6.94 in the “need of help”” group (CI 1.99—
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24.17) and 4.39 in the “slowness/tiredness” group (CI 2.44—
7.90). The OR for having three or more chronic diseases was
5.91'in the “need of help” group (CI 2.86-12.18) and 3.00 in
the “slowness/tiredness” group (CI 1.83—4.91).

Basic mobility functions. The functional limitations
level in the disablement process (24,32) was interpreted
as basic mobility functions at the whole body level, such
as stair-mounting ability and maximal walking speed. In
the stair-mounting test, the highest step that the subject
could mount without support in a single step was recorded
(step heights of 0, 10, 20, 30, 40, and 50cm) (1,25).
Because taller persons have greater leg length and thus
more favourable working conditions for the lower
extremity joints and muscles during stair-mounting, the
result was adjusted for height. After dividing the original
value by the subject’s height, it was multiplied by the
mean height of all participants. The new values were then
reclassified as 0,-10; 20, 30, 40 and 50 cm, with cut points
in the middle of the class intervals. The reclassified values
were used in the multivariate models. Maximal walking
speed over 10 metres was measured by a stopwatch in the
laboratory corridor.  Walking aids were allowed if the
subject normally used them when. walking. The corridor
was. illuminated by standard fluorescent lamps.

Sensory-motor  functions. Sensory—motor functions
were  assumed to represent the ‘impairments ‘at body
system level in the disablement process. (24, 32). These
functions do- not indicate the impairments per. se, but
rather the functional consequences of impairments of
separate” organ ‘systems. Maximal = isometric ~muscle
strength  was measured. for knee and trunk extensors by
dynamometers  (12). Knee . extension strength . was
measured in a sitting position, knee fixed 60° from full
extension, and trunk extension in a standing position. The
strength/weight ratio was calculated and -used in -the
analyses. Standing . balance .. was.  measured by . a
computerized force platform system (8). The subject stood
as still as possible on the platform for 40 seconds, feet
comfortably apart and hands on hips, the first test: with
eyes open and the second with eyes closed. The speeds of
antero-posterior and mediolateral movement of the centre
of forces were used in the analyses, adjusted according' to
the  subject’s height.. The- balance variables in . the -final
multivariate models differed according to the age group.
Simple reaction time for visual stimuli was measured for
the dominant hand (7). The subject was seated in front of
the timing device, with the index finger on the rest button.
After noticing the light, the subject moved. the finger as
quickly as possible from the rest button and switched the
light off from a nearby button. Visual acuity with lens
correction (if needed) was measured by a computerized
refractometer (Topcon RMA2300). Because of technical
problems, the reaction time and balance results could not
be. obtained for all subjects in the younger age group.
However, this had no systematic effect on the results (8).

Statistical methods

The model of the disablement process (24, 32) guided the
selection of the variables and the analytical methods. Cross-
tabulation with y* testing was used in bivariatc analyses of
discrete variables; Student’s r-test was used in the case of
continuous variables. Logistic regression was used for the
validation study of the mobility index. Polychoric (between
discrete variables), polyserial (between: discrete and con-
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tinuous variables) and Pearson’s product moment correla-
tion coefficients were calculated by PRELIS (29) (tables not
shown). On the basis of these correlations, LISREL models
(15) were created separately for each age and sex group. The
sensory—motor ‘variables ‘indicated the independent vari-
ables (x-variables), and the mobility variables indicated the
dependent variables (y-variables). Because of the skewness
of the results in the stair-mounting test among men, the three
lowest categories were combined. To achieve normally
distributed values for further analyses, a few extreme cases
were excluded from the balance and reaction time results (2
men and 9 women).

RESULTS

The mobility index indicated that there were some
minor differences in self-reported mobility between
age and sex groups (Table I). The women in the older
age group needed hélp in their mobility functions
more often than their counterparts in the younger age
group (p=0.006). Walking aids were used by 34
persons (12%) in the 75-year-olds and by 39 persons
(23%) in the 80-year-olds:

About 6-9% of the participants were unable to
mount even the 10cm high step; their result was
therefore zero (Table II). In men, a ceiling effect was
evident and the distributions were skewed. About
75% of the 75-year-old men and about 60% of the 80-
year-old men were able to mount the highest step. In
women, the corresponding figures were 28% and
20%. The differences between men and women were
statistically significant (p < 0.001). After adjusting
the results according to the subject’s height, the
difference between the sexes was slightly reduced.

Table 1. Mobility index in 75- and 80-year-old men
and women (the variables were: getting about
indoors, getting about outdoors and negotiating
stairs)

123

Six men born in 1914 and 2 men born in 1910 were
reallocated from the 50 cm group to the 40 cm group.
One woman in both age groups was moved from the
40cm group to the 50cm group. The maximal
walking speed of the 75-year-old men was 1.78 m/s
(& 0.51) and for the 75-year-old women 1.48 m/s
(& 0.36). In 80-year-olds the maximal walking speed
was 1.48 m/s (& 0.54) in men and 1.27 m/s (% 0.33) in
women. Women were significantly slower than men
(p < 0.001), and the 80-year-olds were significantly
slower than 75-year-olds (p < 0.001).

Figure 1 shows the LISREL models for 75-year-old
men and women and for 80-year-old men and women.
Separate analyses were performed on the basis of age
and sex, as these factors affected most of the variables
studies. Although the models differed somewhat, a
similar structure fitted all groups. Of the sensory—
motor factors, muscle strength, standing balance and
simple reaction time explained basic mobility func-
tions in all models. Knee extension strength explained
both maximal walking speed and stair-mounting
ability in 75-year-olds and 80-year-old men. In 80-
year-old women, knee extension strength explained
only maximal walking speed. In the models for the
women, trunk ~extension strength also explained
maximal walking speed. Visual acuity explained
basic mobility functions in 75-year-old women and
80-year-old men. All the directions of the associations
were consistent with our expectations (poor sensory—
motor functions explained poor results in basic
mobility function tests).

Sensory-motor functions explained 39—46% of the
variation in maximal walking speed in the models for
women and 75-year-old men. In 80-year-old men,
63% of the variation in maximal walking speed was
explained by sensory—motor functions and stair-

Table 1. Stair-mounting ability in 75- and 80-year-

75-year-olds 80-year-olds old men and women (absolute values)
Men Women Men ‘Women
Mobility 7 (%) n (%) (%) 7 (%) 75-year-olds 80-year-olds
Men Women  Men ‘Women
Needs help* 8(8.0) 14(76) 8167 22(18.3) Step height 1 (%) n (%) n (%) n (%)
Slowly/tiredt 55 (55.0) 121 (65.8) 26 (54.2) 78 (65.0)
‘Without 0Ocm 6(5.9)  13(6.8) 4 (8.5) 8(6.5)
difficultiest - 37 (37.0) 49 (26.6) 14(29.2) 20 (16.7) 10cm 2 (2.0 9 (4.7) 0 3(24)
Total 100 184 48 120 20 cm 2(2.0)  20(105) 0 16 (13.0)
30 cm 11 (10.9) 46 (242) 6(12.8) 37(30.1)
* Needs help in at least one task; 40 cm 5(5.0) 48(253) 9(19.1) 35(28.5)
+ reported slowness or tiredness in at least one task; 50 cm 75 (743) 54 (28.4) 28(59.6) 24 (19.5)

+ did not report slowness/tiredness/need of help in any task.

Scand J Rehab Med 30
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mounting ability. In the models for women and 75-
year-old men, sensory—motor functions and maximal
walking speed explained 47-52% of the variation in
stair-mounting ability. In 80-year-old men, sensory—
motor functions: explained 54% of the variation in
stair-mounting ability.

Basic mobility functions were- associated with the
mobility index in all models. Stair-mounting ability
and maximal walking speed correlated strongly with
each other, which was probably the reason that the
effects of these variables on the mobility index were
mediated - through one or the other in. 75-year-old
women and 80-year-old men. The direction  of the
associations - was- as - expected: poor 'stair-mounting
ability and:slow walking speed explained the poor
result in the mobility index. Of the variation in the
mobility index, 36-52% was explained in the models.
In addition, maximal walking speed had a significant
indirect effect on the mobility index (not shown in
Fig. 1): in 75-year-old men the coefficient was 0.26
and the standard error 0.07, in 75-year-old women
0.23 and 0.04 and in 80-year-old women 0.38 and
0.07, respectively. In: 80-year-old men, stair-mount-
ing ability had a significant indirect effect on the
mobility index (coefficient 0.26, standard error 0.08).
According to the y? tests as well as other fit measures,
all the models fitted well to the data.

DISCUSSION

The results of this study indicate that sensory—motor
impairments are significantly associated with basic
functional limitations and, further, that basic func-
tional limitations are . significantly: associated with
poor mobility in 75- and 80-year-old men and women.
The associations discovered are consistent with our
framework, which was modified from the model of
the disablement process (24, 32). This was: ascer-
tained by multivariate analyses, which showed similar
structures across age and sex groups. However, given
the limitations of the cross-sectional research design,

125

the results must be interpreted with caution. Further
studies applying longitudinal procedures are needed.

The rates of participation in both the interviews and
the laboratory examinations were very high,:which
makes the generalizability of the results exceptionally
good. However, the subjects with the highest level of
impairment were unable to take part in every phase of
the study, which is common in mobility studies: that
include performance tests.

The explanative strength of the models was good.
However, there was still some unexplained variation
which may be due, among other things, to our failure
to' capture. in- the framework used all the possible
impairments caused by aging processes,inactivity
and chronic conditions. For example, no evaluations
were made of pain or range of motion in the joints of
the lower extremities.

The mobility index used in- this study indicated
roughly the: same level of disability in mobility as
have previous, comparable population studies (3, 30).
The results for stair-mounting: ability and 'maximal
walking 'speed correspond. to previous- results- for
persons of approximately the same age (3, 10). These
performance tests have been found to correlate with
poor self-reported mobility (3, 11), as was the case in
the present study.

Poor knee extension strength was a strong deter-
minant of poor mobility in this study. Similar results
have been-obtained in previous studies concerning
both - walking speed (20, 27) - and - stair-mounting
ability (25, 27). When climbing stairs, the climber
has to place the foot onto the elevated surface of the
stair and bring the centre of mass over the new base of
support: (16). In our analyses, the contribution of
anthropometric properties in this task was taken into
account by adjusting stair-mounting ability for height
and muscle strength for body mass. Among women in
this - study, the strength of trunk extensors also
explained maximal walking speed in the models. It
is obvious that control of the movements of the upper
body (head, arms and trunk) during the stride cycle

Fig. 1. The sensory-motor determinants of mobility functions by LISREL models in (a) 75-year-old men, (b) 75-year-
old women, (c) 80-year-old men and (d) 80-year-old women. The straight arrows indicate significant associations and
their directions between variables. The coefficients and- their standard errors (in brackets) are shown. In reaction time
and balance variables higher values mean poorer performance, which causes negative coefficients. The curved arrows re-
present significant correlations between independent variables. The R* values indicate the amount of variation in the de-
pendent variables explained by the background factors in the model. GFI= goodness of fit index, RMR =root mean
square residual. In (a) and (b), standing balance is the speed of antero-posterior movement of the centre of forces, eyes
closed. In (c) and (d), standing balance is the speed of antero-posterior movement of the centre of forces, eyes open.

Scand J Rehab Med 30



126 R. Sakari-Rantala et al.

requires significant involvement of the trunk muscu-=
lature.

Previous researchers have found mainly moderate
but significant associations between standing balance
measured by force platform and mobility in elderly
people (19, 23), although there: are some exceptions
(10). In the present study, the associations of standing
balance: with stair-climbing: capacity (in 80-year-old
men) and maximal walking speed (in women and in
75-year-old men) were significant. The slower walk-
ing speed in old age results from shorter stride length
and longer duration of the double suppott phase (9).
These changes in the gait pattern seem to be caused by
poorer . balancing - abilities -and - reduced - muscle
strength: (34).

Simple reaction - time, - which  requires  relatively
low-level central nervous system processing, has been
found to be: an important determinant: of postural
balance (7,21). In this study; both standing balance
and simple reaction time remained in the models as
significant determinants of mobility functions. Simi-
larly, Lord et al. (20) found that simple reaction time
was associated with - walking speed: in- multivariate
analyses. :

Visual acuity significantly - explained = mobility
functions in 75-year-old women and in 80-year-old
men. Similar results have been reported previously
(20, 26). -The importance  of visual acuity during
walking is readily apparent. For instance, in the
middle of the swing phase of the stride cycle the toes
are not raised more than about.1 cm off the ground
(33).: Thus;even: minor ruggedness of the- terrain
needs. to be seen properly to prevent stumbling.

The results. of  this 'study indicate- that both- stair-
mounting: ability and maximal - walking- speed are
important dimensions. behind mobility problems in
everyday. life. The measurement of these functions
helps to-identify persons with mobility problems,
even in-an- early stage (11). The: assessment: of
sensory-motor: background factors gives an- insight
into the probable effectors and modifiers of mobility
problems and, consequently, provides valuable clues
for planning treatment. '

The levels of most sensory—motor and basic

mobility functions differ between age and sex groups,

which was why the analyses were carried  out
separately in-each group. In spite of these: basic
differences, the roles of the background factors were
very similar among. the groups and essentially the
same- structure could be seen' in all- models. This
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suggests that both in elderly men and women the same
factors should be. examined when attempting to
identify people at risk and prevent the deterioration
of mobility.

It has been shown in two recent studies (6, 20) that
age-related dysfunctions in mobility are associated
with impairments in multiple physiological domains.
As Vandervoort et al. (31) state, this multifactorial
nature of mobility dysfunction in the elderly popula-
tion requires comprehensive assessment and: treat-
ment approaches. The results of the present study
suggest that the sensory—motor functions studied have
individual importance for mobility and that they: do
not compensate each other. This means that not only
muscle  strength. but - also- other aspects  such - as
balance, reaction  time' and vision should be taken
into - account ‘when - planning’ ‘and implementing
interventions which aim to'improve mobility. Many
of these factors are modifiable by physical exercise or
other means of prevention and rehabilitation.
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