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Table 2 Correlation coefficient (v) for height, weight, age, and eyes open or closed with postural sway (exposed and

control subjects)

Eyes open Eyes closed

Age (v) Height (cm) Weight (kg) Age (v) Height (cm) Weight (kg)
X, (cm) 0-003 0-095 0-045 -0-020 0-136 -0-035
Y, (cm) -0-002 0-141 0-090 —0-066 0-163 0-120
X (cm) 0-125 0-094 0-222* -0-015 0-285** 0-414***
Y, (cm) —0-041 0-269** 0-243** —0-188* 0-405*** 0-438***
X, (cm) 0-106 0-102 0-216* -0-026 0-276** 0-418***
Y. (cm) —0-054 0-255** 0-219* -0-178 0.384*** 0-437***
R, (cm) 0-049 0-178 0-245** —0-095 0-341*** 0-466***
Vel (cm/s) 0-131 0-181* 0-270** 0-018 0-278** 0-343***
L (cm) 0-131 0-181* 0-270** 0-018 0-280** 0-343***
A, (cm?) 0-038 0-210* 0-306*** -0-075 0-369*** 0-461***
A, (cm?) 0-023 0-237** 0-288** —0-091 0-386*** 0-470***

***P < 0-001; **P < 0-01; *P < 0-05.
Xo» Y, = average position of centre of pressure on platform; X,

Y, = SDs of the coordinates of the centre of pressure; X,,, Yo, =

average deviation of the coordinates of the centre of pressure; R, = average displacement of X, Y;, from X, Y,; Vel = average

speed of centre of pressure along its path;
A, = 95% confidence elliptical area.

six days did not show any significant within
subject variation.

STATISTICS

Logarithmic transformation was applied to all
the sway parameter data to improve its nor-
mality. Differences between the exposed and
control postural sway parameters were tested
by analysis of variance with adjustment for
height, weight, age, and drink habits. The sta-
tistical analysis was run on an IBM 3081
mainframe computer with the Statistical
Analysis System package. The PROC CORR,
and PROC GLM procedures were used.

Results

Height and weight were significantly corre-
lated with most of the postural sway parame-
ters both for open and closed eyes. Age was
not significantly correlated with the postural
sway parameters (table 2). There were signifi-
cant differences between the exposed and
control groups for X, Y, X, Yo, R,y Vel, L,
A,, and A, when the eyes were closed. No sig-
nificant differences were noted between the
exposed and control groups for the sway para-

Table 3  Postural sway parameters for exposed and control groups

Postural Exposed* Control*
sway mean (SE) mean (SE)
Eyes parameters (n=60) (n = 60) P value
Open: X, (cm) 0-49 (0-41) 0-54 (0-42) NS
Y, (cm) 0-31 (0-41) 0-33 (0-42) NS
X, (cm) 0-32 (0-11) 0-34 (0-11) S
Y, (cm) 0-23 (0-11) 0-20 (0-11) 0-0390
X, (cm) 0-28 (0-11) 0-28 (0°11) NS
Y, (cm) 0-18 (0-11) 0-16 (0-11) NS
(cm) 0-35 (0-09) 0-35 (0-10) NS
Vel (cm/s) 0-77 (0-09) 0-74 (0-:09) NS
L (cm) 15-40 (0-09) 14-70 (0-09) NS
A, (cm?) 1-67 (0-16) 1-51 (0-17) NS
A, (cm?) 0-84 (0-19) 0:76 (0-19) NS
Closed: X, (cm) 0-83 (0-:32) 0-89 (0-33) NS
» (cm) 0:64 (0-31) 0-54 (0-32) NS
X, (cm) 0-40 (0-10) 0-34 (0-11) 0-01
Y, (cm) 0-23 (0-10) 0-19 (0-10) 0-0034
X (cm) 0-32 (0-10) 0-27 (0-10) 0-0167
Y., (cm) 0-18 (0-10) 0-15 (0-10) 0-0035
R, (cm) 0-40 (0-09) 0-34 (0-09) 0-0028
Vel (cm/s) 0-93 (0-09) 0-77 (0-09) 0-0014
L (cm) 18-50 (0-09) 15-40 (0-09) 0-0014
A, (cm?) 2-25 (0-16) 1-55 (0-16) 0-0002
A, (cm?) 103 (0-17) 0-74 (0-17) 0-0018

L = length of sway path; A, = area included within the path of the centre of pressure;

meters obtained with the eyes open except for
Y, (table 3). The controls’ Romberg ratios
(RRs) for Vel, L, A,, and A, were near unity
(table 4). There was at least a 20% difference
between the values for closed and open eyes
of the exposed Vel, L, A, and A, parameters.

Data of blood lead concentrations from the
exposed subjects together with age, weight,
and height were added as independent vari-
ables to the regression equations in which the
parameters X, Y, X, Yo, R,, Vel, L, A,
and A, were dependent variables. The stan-
dardised estimates of blood lead for the Y,
Y., R, Vel, L, A,, and A, were in the range of
—0-05 to 0-1. The present blood lead concen-
trations of the exposed group would seem not
to have contributed significantly to the results
found.

Discussion

Postural stability is controlled by sensory
information from the vestibular, propriocep-
tive and visual systems with the cerebellum as
the centre that controls the information.” '
The main receptors involved are the vestibu-
lar organs, the exteroceptive and propriocep-
tive nerve endings, and the visual system.'¢

Posturography has been used to study the
effect of exposure to industrial solvents on
postural control.” Ledin et al concluded that
static posturography may be useful in evalua-
tion of lesions to the central nervous system
induced by solvents.’

To record the posturography with open
eyes, the worker stands upon a stable support.
This corresponds to normal conditions of
daily life. Under these conditions the sensory
input available (of visual, vestibular, and

Table 4 Romberg ratios (RRs) for some postural sway
parameters berween exposed and control groups

Postural sway Exposed RR* Control RR*

parameters (n = 60) (n = 60) P values
Vel 1-20 1-04 0-:0206
L 1-20 1-04 0-0207
A, 1-34 1-02 0-010
A, 1-23 0-98 0-0311

*Geometric mean value adjusted for height, weight, age, and drinking habits.
SE = standard error on a log scale.

* Romberg ratio (RR) = ratio of the postural sway parameters
measured with eyes closed and eyes open.
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proprioceptive systems) can be used opt-
mally. By closing the eyes the visual contribu-
tion is abolished. Bronstein reported that
people with cerebellar disease and Parkinson’s
disease had significantly poorer postural
stability when the eyes were closed than did
normal subjects.!’

It is known that compensatory mechanisms
are put into action in cases of vestibular sen-
sory insufficiency.!”'® In cases of vestibular
deficit these mechanisms simulate the action
of the other non-involved sensory sources
such as vision and proprioception.'® If under
test conditions the other sensory inputs are
not allowed to contribute—for example, tests
with the visual input obliterated (tests with
eyes closed)—postural instability may be
elicited.

No significant differences were noted
between the exposed and control groups for
the sway parameters obtained with the eyes
open except for Y, (table 3). Significant differ-
ences were found between the exposed and
control groups for X, Y, X, Yo, Ry, Vel, L,
A,, and A, when measured with the eyes
closed. The findings indicate that the exposed
workers needed the visual input for greater
stability. This finding becomes clearer when
the RRs were calculated for some of the pos-
tural sway parameters. The RR is a powerful
measure of effect of vision on postural stabil-
ity.' The controls’ RRs for Vel, L, A,, and A,
were near unity suggesting that visual compo-
nent for maintenance of postural stability is
not significant (table 4) in this group of sub-
jects. There is at least a 20% difference
between the postural sway parameters of the
exposed workers for Vel, L, A, and A, with the
eyes closed and eyes open.

It is unlikely that the workers exposed to
lead had any vestibular disorders. None com-
plained of any vestibular symptoms.
Clinically, no abnormalities were detected.

Jeyaratnam ez al in a study of 46 workers
exposed to lead reported significantly
prolonged somatosensory evoked potentials of
the median (sensory) and posterior tibia,
nerves among the exposed workers with a
mean blood lead concentration of 48-7
pg/dl.?® The somatosensory evoked potential
assesses the whole sensory neural axis inclu-
sive of the proximal parts of the peripheral
sensory nervous system (root and plexus).
Lead may affect the muscle afferents, which
results in the increased RR among the
exposed workers. Bhattacharya ez al reported
the results of a study of children with chronic
exposures to lead. The mean blood lead con-
centration of the children was 23-4 ug/dl, and
the maximum blood lead concentration
incurred during the second year of life was
positively related to increases in postural
sway.!!

We were unable to establish a significant
relation between blood lead concentrations
and postural sway parameters—this is not
unexpected. The blood lead concentrations of
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the exposed workers are a reflection of present
not past exposure. It would be more appropri-
ate to obtain the previous records of blood
lead concentrations. We are in the process of
trying to retrieve and collate the data.

In summary, this study showed that work-
ers exposed to lead had significantly poorer
postural stability than a control group. Lead
may affect certain parts of the whole sensory
neural axis resulting in postural instability
when the visual input is cut off. Based on cur-
rent blood lead concentrations, we were not
able to obtain any significant correlation with
the postural sway parameters.

This study was carried out with Research Grant RP920389
from the National University of Singapore.
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