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Abstract
Objective-To detect, with a comput-
erised postural sway measurement sys-
tem, any significant deviation of postural
sway parameters among lead workers
compared with a control group.
Methods-Postural stability was investi-
gated with a computerised postural sway
measurement system in 60 workers
exposed to lead with a duration of expo-
sure of 84 (range 3-366) months and 60
controls. Sway parameter data were col-
lected with an Advanced Mechanical
Technology computerised biomechanics
platform system.
Results-The mean current blood lead
concentration was 36-0 (range 6-4 to 64.5)
,ug/dl for the exposed workers and 6-3
(range 3*1 to 10t9) ugldl for the 14 con-
trols. There was no significant difference
between the groups for the postural sway
parameters obtained when the eyes were
open. Significant differences were found
for Xs, Y. (SDs of the coordinates of the
centre of pressure); Xm, Ym (mean devia-
tion of the coordinates of the centre of
pressure); R1. (average displacement of
Xi, Yi, from X0, YO); L (length of sway
path); Vel (mean velocity of the centre of
pressure along its path); AO (area
included within the path of the centre of
pressure); Ae (95% confidence elliptical
area). The Romberg ratios (the relation
between eyes closed and open) for the
Vel, L, AO and Ae of the exposed workers
were also significantly different from the
controls.
Conclusion-The study showed that
workers exposed to lead had significantly
poorer postural stability than the con-
trols. Lead may affect certain parts of the
whole sensory neural axis resulting in
postural instability when the visual input
is cut off. Based on current blood lead
concentrations, we were not able to
obtain any significant association with
the postural sway parameters.

physiology and pharmacologyA mostly in
controlled experimental settings5 6 to study the
effect of drugs on postural stability.
Few researchers, however, have attempted

to use computerised postural sway equipment
to study the postural function of workers
exposed to neurotoxic substances.7 -°
Abnormalities of postural sway have been
associated with lead intoxication pre-
dominantly in children." 12 There was a case
report of possible effects of lead on postural
stability in an adult. Linz et al reported
improvement in postural sway test perfor-
mance after Ca'+ EDTA chelation in an adult
worker with persistent symptoms of the
central nervous system two years after an
episode of subacute lead intoxication.' To
our knowledge, there are no reports of the
effects of lead on postural balance among
workers exposed to lead.
The objectives of this study were to detect,

with a computerised postural sway measure-
ment system, any significant deviation from
normal of postural sway parameters among a
group of workers who were exposed to lead.

Methods
STUDY POPULATION
The study was carried out at a factory that
manufactures lead storage batteries. Of a total
of 63 male workers who are directly exposed
to lead, 60 agreed to participate in the study.
Sixty subjects who were clinically healthy and
had no exposure to neurotoxic agents served
as controls.
No important differences were noted in the

age, height, weight, and drink habits between
the exposed and control groups (table 1).
None of the exposed or control subjects con-
sumed more than 50 g of alcohol a day. Most
were social drinkers, that is, drinking alcohol
less than once a month. For the exposed
group, the mean duration of lead exposure
was 84 (range 3-366) months. Twenty six
(43.3%) workers had more than five years of
exposure.

(Occup Environ Med 1994;51:768-771)
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The maintenance of standing posture has long
been associated with assessments of function
of the nervous system.' Terms to denote this
include postural sway, postural stability,
human equilibrium, postural equilibrium,
standing steadiness, and body sway.
Computerised postural sway measurements
have been used primarily in the field of

Table 1 Characteristics ofstudy population
Exposed Control
mean (SD) mean (SD)
(n = 60) (n = 60)

Age (y) 31-6 (7 7) 35*4 (7*4)
Height (cm) 166-3 (8-1) 169 3 (6-2)
Weight (kg) 65-2 (11-7) 64-9 (7-6)
Subjects who drank (%)* 50 11-7
Exposure (months) 84-0 (86-7)
Blood lead (ug/dl) 36-0 (11-7) 6-3 (2 4)t

*All of the subjects who drank were occasional and social
drinkers, they drank less than once a month, each time no
more than two large bottles of beer.
fResults for 14 controls.
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All the exposed subjects and a sample of
the controls (n = 14) had venous blood col-
lected, on the day the postural sway tests were
conducted, for determination of whole blood
lead concentrations. We did not see the need
to subject all the controls to a blood test when
the records did not suggest any lead exposure.
Thus we randomly took blood samples from
14 controls to confirm this.
The blood specimens for lead analysis were

collected in lead free heparinised polypropy-
lene containers. Precautions were taken to
prevent contamination as far as possible.
Blood lead concentrations were determined
by an electrothermal atomic absorption spec-
trophotometer with an autosampler. 14 The
analyses were carried out in triplicate. The SD
for within run precision (based on 15 repeti-
tive measurements) for a blood lead concen-
tration of 8 ,ig/dl was 0 34 and for a blood
lead concentration of 80,g/dl was 0-67. The
coefficient of variation seldom exceeded 6%.
The precision of blood lead analysis in this
laboratory over the range of 4 to 80 ,ug/dl was
0d12 ug/dl. External quality control was car-
ried out in collaboration with the National
External Quality Control Assessment Scheme
in the United Kingdom. The mean running
variance index score at the time of analysis
was 24-28.

STUDY DESIGN
Questionnaire
Information was gathered on age, years of
education, medical and drug history, detailed
occupational history, and present and past
smoking habits. Alcohol intake was also docu-
mented carefully as it could confound the
findings. Actual amount of alcohol consump-
tion a day and number of years of drinking
were noted. All the interviews were conducted
blind by only one trained field investigator
throughout the study.
Age was recorded as at the last birthday.

Standing height was measured in centimetres
with the subject barefoot. Weight (in light
street clothes without shoes) was recorded to
the nearest tenth of a kilogram with the same
weighing scale, which was calibrated each
time before weighing.

Clinical examination
Each subject was examined clinically by one
of the authors (SEC) throughout the study.
The examination included assessment of past
pointing, diadochokinesis, evaluation of walk-
ing gait, turning, reflexes, and the musculo-
skeletal system. No abnormalities were
detected clinically for either exposed or con-
trol groups.

Computerised assessment ofpostural sway
Each subject was given two sets of tests. The
first set consisted of three tests (each lasting
20 s) conducted with the eyes open. The sec-
ond set consisted of three tests (also 20 s
each) that were conducted with the eyes
closed. The subject was asked to focus on a
fixed picture placed at eye level throughout
the measurement. For the tests with eyes

closed, the subject was asked to close his eyes
for a 10 s interval before the start of record-
ing. Subjects stood in their bare feet on the
platform, arms at their side, feet separated.
This was assured by footprints marked on the
platform surface. All the subjects had the tests
between 9 00 and 11 30 am. This was to
reduce possible effects of circidian rhythms.
All the measurements were conducted blind
by only one technician throughout the study.
The technician monitored the postural

sway of the subjects on the computer screen
as the tests were conducted. A particular test
was repeated when any extraneous body
movements were identified during the mea-
surement. Before the test, care was taken to
ensure that the platform was resting level on
the floor. The equipment was housed in the
office buildings. There were no movements of
heavy vehicles in the vicinity. Vibration effects
on the platform, if any, would have been
minimal.
Equipment-Sway parameter data were

collected with an Advanced Mechanical
Technology computerized biomechanics plat-
form system. The system consists of six com-
ponents, high frequency response (1000 Hz),
OR6-6 force platform with temperature com-
pensation, foil type stain gauge transducers, a
GSA6 signal conditioner and amplifier, and
an ICL notebook. The force platform was
placed on the floor of the factory office away
from the production area.-
Sway parameters-Software supplied by

Advanced Mechanical Technology (BEDAS-
2 computer automated stability analysis) was
used to compute the parameters of changes in
the centre of pressure from data taken while
the subject was standing on the platform. The
location of the centre of pressure was calcu-
lated by the equations:

X= (MyZ x Fz) andY= (Mx+Z x Fy)
Fz Fz

where My is the moment about the Y axis,
Mx is the moment about the X axis, Fz is the
vertical force, and Z is the distance from the
top surface of the platform to its dynamic
centre. In laboratory simulated tests involving
different weights the force platform accuracy
in detecting the location of the centre of pres-
sure was within 0 05 cm.
The sway parameters used for detecting

changes in performance were: X0, YO (mean
centre pressure relative to the centre of the
platform); X5, Ys (SDs of the coordinates of
the centre of pressure); Xm., Ym (mean devia-
tion of the coordinates of the centre of pres-
sure); Ra, (average displacement of Xi, Yi,
from X0, YO); L (length of sway path); Vel
(mean velocity of the centre of pressure along
its path); AO (area included within the path of
the centre of pressure); and Ae (95% confi-
dence elliptical area).

Reproducibility of sway parameters-During
the study, the postural sway of seven separate
subjects was tested by the same procedure.
Each of the subjects repeated the postural
sway tests on six consecutive days. Analysis of
the results of the seven subjects collected over
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Table 2 Correlation coefficient (r) for height, weight, age, and eyes open or closed with postural sway (exposed and
control subjects)

Eyes open Eyes closed

Age (y) Height (cm) Weight (kg) Age (y) 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
Xs (cm) 0-125 0-094 0-222* -0-015 0-285** 0-414***
Yr (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. (cm2) 0-038 0-210* 0-306*** -0 075 0-369*** 0-461***
A, (cm2) 0-023 0-237** 0-288** -0-091 0-386*** 0 470***

***P < 0-001; **P < 0-01; *P < 0 05.
X., Y. = average position of centre of pressure on platform; X,, Y, = SDs of the coordinates of the centre of pressure; X,.,, Y =
average deviation of the coordinates of the centre of pressure; R, average displacement of XY, Y1, from X,, Y.; Vel = average
speed of centre of pressure along its path; L = length of sway path; AO = area included within the path of the centre of pressure;
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 Xs, Ys, X., Yin5 R.,,, Vel, L,
AO, and Ae 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
Xs (cm) 0-32 (0-11) 0-34 (0-11) NS
Y, (cm) 0-23 (0-11) 0-20 (0-11) 0 0390
X. (cm) 0-28 (0-11) 0-28 (0-11) NS
YM (cm) 0-18 (0-11) 0-16 (0-11) NS
R. (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
AO (cm') 1-67 (0-16) 1-51 (0-17) NS
Ae (cm2) 0-84 (0-19) 0-76 (0-19) NS

Closed: X. (cm) 0-83 (0 32) 0-89 (0-33) NS
YO (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
YM (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') 1 03 (0-17) 0-74 (0-17) 0-0018

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

meters obtained with the eyes open except for
Ys (table 3). The controls' Romberg ratios
(RRs) for Vel, L, AO, and Ae 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, AO, and Ae 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., YS, Xm, Ymin Rm, Vel, L, A0,
and Ae were dependent variables. The stan-
dardised estimates of blood lead for the YS,
Ym, R., Vel, L, AO. and Ae were in the range of
- 005 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.7 15
The main receptors involved are the vestibu-
lar organs, the exteroceptive and propriocep-
tive nerve endings, and the visual system.16

Posturography has been used to study the
effect of exposure to industrial solvents on
postural control.7-9 Ledin et al concluded that
static posturography may be useful in evalua-
tion of lesions to the central nervous system
induced by solvents.7
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 between exposed and control groups

Postural sway ExposedRR 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
Ae 1-23 0-98 0-0311
* 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 opti-
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.'5

It is known that compensatory mechanisms
are put into action in cases of vestibular sen-
sory insufficiency.'718 In cases of vestibular
deficit these mechanisms simulate the action
of the other non-involved sensory sources
such as vision and proprioception.'8 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 Ys (table 3). Significant differ-
ences were found between the exposed and
control groups for Xs, Ys, Xm, Ymi Rm, Vel, L,
AO, and Ae 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.'9 The controls' RRs for Vel, L, AO, and Ae
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 et 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
yug/dl.20 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 et 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 pug/dl, and
the maximum blood lead concentration
incurred during the second year of life was
positively related to increases in postural
sway."1
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

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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