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OBJECTIVE — To explore the posturographic correlates of diabetic neuropathy by com-
paring the performances of three groups of diabetic patients (severe, moderate, and absent neu-
ropathy) with those of normal subjects and four clinical control groups.

RESEARCH DESIGN AND METHODS — Using the Interactive Balance System
(Tetrax, Ramat Gan, Israel), based on the assessment of the interaction of vertical pressure fluc-
tuations on four independent platforms, one for each heel and toe part, respectively, posturo-
graphic examinations were given to 28 diabetic patients (8 with severe, 12 with moderate, and
8 with no peripheral neuropathy), 30 normal control subjects, and a clinical control group of
52 patients (14 with stage Il Parkinson’ disease, 13 with brain damage, 7 with whiplash, and
19 with peripheral vestibular pathology). The following posturographic parameters were eval-
uated: 1) general stability; 2) Fourier analysis showing patterns of sway intensity within eight
frequency bands between 0.1 and 3 Hz; 3) weight distribution; 4) synchronization of sway; and
5) performance patterns for eight positions, requiring closure of eyes and standing on an elas-
tic surface, as well as left, right, back, and downward head turns.

RESULTS — For positions with closed eyes, diabetic patients with severe and moderate neu-
ropathy were significantly less stable than normal subjects and diabetic patients without neu-
ropathy, but diabetic patients with severe and moderate neuropathy turned out to be as equally
unstable as clinical control subjects. However, for sway intensity within the band of 0.5 to 1.00
Hz on positions with lateral head turn with occluded vision, neuropathic diabetic patients per-
formed significantly worse than did both normal and clinical control subjects. The same pos-
turographic parameter also differed significantly between normal subjects and diabetic patients
without neuropathy.

CONCLUSIONS — As reported in previous studies, general instability in diabetic neu-
ropathy is not a sufficiently characteristic correlate of the syndrome. On the other hand, spec-
tral analysis of sway on stressful positions involving head turning appears to differentiate
diabetic neuropathy from other disorders involving postural disturbances.
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ceptive information from the lower

extremities is one of the main input
sources (besides the visual and labyrinthine
senses) that ensure and regulate postural
control. As diabetic neuropathy is inti-
mately linked with considerable restriction
in this sensory modality, disturbances of
postural control are a frequent, clinically

I t is a well-established fact that proprio-

well-known symptom of the diabetic
patient, actually labeled by some authors as
“sensory ataxia” (1). In spite of this clinical
evidence and the subjective complaints by
many diabetic patients of feeling dizzy and
unstable (1), an objective assessment of
this problem by modern posturography
has been reported only very recently in
one U.S. (2) and two Italian papers (3,4).
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A table elsewhere in this issue shows conventional and Systéme International (SI) units and conversion

factors for many substances.

The general design of these three stud-
ies is similar. A group of diabetic patients,
subdivided into two subgroups with pres-
ent versus absent neuropathy; is compared
to age-matched normal subjects on postur-
ographic measures of general stability. In all
three studies, the same posturographic
methodology is employed. This methodol-
ogy is based on the assessment of a central
measure of postural sway, which is
expressed by the excursions of the path
produced by the oscillations of the point of
gravity being projected onto the area of
support. This path is graphically plotted in
the form of a crisscrossed blot that can be
statistically evaluated by calculating 1) the
surface of the area covered by the blot, 2)
the length of the crisscrossed path, and 3)
the velocity of sway obtained by dividing
the length of this path by the time of per-
formance. In the most recent Italian study
(3), two derivative posturographic meas-
ures were added, namely the velocity of
anteposterior sway as a function of the for-
ward shift of the point of gravity and the
Fourier transformations of the lateral and
anteposterior oscillations. In all studies,
two positions were tested: head straight
with eyes open and head straight with eyes
closed (classical Romberg test). In the U.S.
study (2), two more difficult positions were
added, supposed to induce labyrinthine
stress: head back with eyes open and head
back with eyes closed.

Results showed unanimously that the
neuropathic diabetic patients, as compared
with both nonneuropathic diabetic patients
and normal subjects, were significantly less
stable on the central postural measures
(2—-4). Similar results were obtained on the
derivative score of the velocity of antepos-
terior sway as a function of the forward
shift of the point of gravity, but no
differences showed up on the Fourier trans-
formations (2). In all the previous posturo-
graphic investigations, all the postural
measures were equally normal in the
healthy subjects and in the diabetic patients
without neuropathy.

The study presented in this article dif-
fers from the hitherto published research
on postural problems in diabetic neuropa-
thy in three aspects: 1) the diabetic target
group was subdivided into three subgroups
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Table 1—Sample used in study

Age at onset  Duration

Subject group n Age of illness of illness
Normal 30 51.1£6.00 — —
Older normal 8 58.8 + 3.59 — —
Neuropathy

Severe 8 57.1+9.50 40 £ 20 18+ 14

Mild to moderate 12 48.7 +18.52 36 +13 13+9

Absent 8 46.2 +14.45 34+19 13+6
Total for diabetic group 28 50.5+11.90 37+14 15+11
Peripheral vestibular disturbances 19 50.1+11.9 — —
Central nervous system disturbance 13 46.6 £8.7 — —
Whiplash 7 49.3+8.1 — —
Parkinson’s disease 14 47.4+10.5 — —

Data are means + SD and are expressed in years.

with severe, mild-to-moderate, and absent
neuropathy; 2) in addition to a normal
comparison group of healthy subjects, four
clinical control groups of nondiabetic
patients were used; and 3) the posturo-
graphic method used is based on patterns
of interaction between five independent
parameters obtained by the assessment of
pressure fluctuations on four separate plat-
forms (Interactive Balance System [IBS];
Tetrax, Ramat Gan, Israel).

RESEARCH DESIGN AND
METHODS

Sample

A total of 28 diabetic patients were ran-
domly sampled from the files of the Tel
Hashomer Diabetic Clinic, Tel-Aviv, and
subsequently invited to the clinic for
reassessment of the actual status of their ill-
ness. On the basis of this checkup, patients
were assigned to three subgroups—severe,
mild-to-moderate, and absent neuropa-
thy—as mentioned above. The method of
staging of the diabetic neuropathy was
based on the simple staging approach
recently proposed by Dyck et al. (5), using
the following criteria: NO, no signs or
symptoms; MILD N1, asymptomatic neu-
ropathy; MOD 2a, symptomatic neuropa-
thy; and SEVERE 2b, symptomatic
neuropathy, characterized by disabling
symptoms and history of ulcer. Manifest
symptoms such as pain or paresthesia were
assessed by questionnaire. Asymptomatic
neuropathy was diagnosed by assessing
light-touch thresholds using a 10-gauge
nylon monofilament applied to the plantar
surface of both halluces and heels. In the
present study, the diabetic patients were

staged into three groups, combining the
stages of mild and moderate neuropathy.

In addition to a control group of nor-
mal subjects composed of 30 white- and
blue-collar employees without any symp-
toms or history of illness or disability, the
following clinical comparison groups were
included in the sample: 1) 14 Parkinson’s
disease patients at stage 11, as assessed by
clinical evaluation; 2) 19 patients suffering
from peripheral vestibular disturbances, as
diagnosed by electro-nystagmography; 3)
13 patients with central nervous problems
as documented by clinical neurological
tests and examinations; and 4) 7 patients
with documented whiplash syndrome after
road accidents.

As shown in Table 1, both target and
control groups consisted of upper-middle-
aged subjects, and there were no significant
age differences between the normal, clinical
control, and diabetic groups. However,
within the diabetic target group, the
patients with severe neuropathy were con-
spicuously older (mean age = 57 years),
which may be related to the relatively later
onset and longer duration of their illness
(Table 1). Although within the diabetic
population the age differences were not
significant (F(2, 26) = 1.93, NS)—and nei-
ther were the differences in onset and dura-
tion of the disease—there were significant
differences in age between the severe neu-
ropathic patients and the normal subjects
(t=3.37,P =0.003). For this reason, a sec-
ond small group of eight elderly healthy
subjects, paired and matched by age with
the severe neuropathic patients, was added
to the sample.

Because there was no relationship
between the sexes in the incidence or sever-
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ity of neuropathy (x2 [2 df] =2.83, NS) and
because no sex difference in postural sta-
bility in adult populations between 20 and
60 years of age is reported in the literature
(6), data for both sexes were combined.
Height is not related to postural stability, as
shown by numerous studies carried out by
different authors and different methods and
equipment (7-10). Consequently, height
was not considered as a relevant interven-
ing variable in this study. Weight, on the
other hand, is automatically controlled for
by the software of the IBS and does not
need additional statistical treatment. Age
correlates moderately, albeit not consis-
tently, with the stability score of the IBS, but
it has no effect on other parameters of the
system (11). It was systematically taken
into account in the context of elaborating
and interpreting the results of this study
(see above).

Method

The posturographic examinations were car-
ried out with the IBS, described in detail
elsewhere (12). This system uses four sep-
arate platforms, each measuring the vertical
pressure fluctuations induced by the two
heels and toe parts, respectively. With this
method, the following postural measures
were obtained.

1. An index of general stability, which is
equivalent to the traditional posturo-
graphic measures based on the assess-
ment of the point-of-gravity excursions
described above and was used in the
previous studies.

2. Measures of weight distribution over
the four platforms.

3. Measures of synchronization, reflecting
the quality and efficiency of coordina-
tion movements between the heels and
toes of each foot.

4. Fourier transformations derived from
four independent wave signals and pre-
sented in the form of a spectrum, bro-
ken down into the following eight
frequency bands: 0.01- 0.1; 0.1-0.25;
0.25-0.35; 0.35-0.50; 0.50-1.00;
1.00-3.00; and 3.00 Hz and above. For
practical purposes, these eight bands
are collapsed into four, designated as
low (0.01-0.1 Hz), medium-low
(0.1-0.50 Hz), medium-high
(0.50-1.00 Hz), and high (1.00-3.00
Hz). As shown by previous studies
(12-16), deviant power in these four
frequency bands—which the IBS soft-
ware is able to display graphically and
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Postural sway in diabetic neuropathy

Table 2—Postumgraphic diferences in general stability between diabetic, normal, and Comparison with the clinical control group

clinical control subjects

Position
Head straight, Head back,

Subject group n eyes open eyes closed
Diabetic neuropathy

Severe 8 35.2 +12.55% 43.1 + 24.4%

Moderate 12 21.2+16.78 25.8 £ 17.01

Absent 8 16.2+4.3 19.5 + 6.68*
Normal 30 15.2+4.8 14.8 £4.81
Peripheral vestibular disturbances 19 25.1 +20.97* 244 +13.9%
Central nervous system pathology 13 225+ 16.57* 28.0 £ 21.9t
Whiplash 7 33.0 £ 32.44% 18.3+6.1
Parkinson’s disease 14 17.1+£9.76 25.7 £ 40

Data are means + SD. Posturographic differences within the diabetic group, as assessed by one-way ANOVA:
for head straight, eyes open, F(3, 24) = 4.16 (P = 0.03); for head back, eyes closed, F(3, 24) =3.99 (P =
0.03). *P < 0.05; TP < 0.01; P < 0.001 vs. normal subjects. Higher scores indicate greater instability.

analyze statistically—is indicative of
typical functional aberrations in the
visual, somatosensory, vestibular, and
central nervous subsystems of postural
control. Low frequencies are linked with
visual control, and they typically domi-
nate normal steady and undisturbed
posture. The medium-low frequency
band (0.1-0.50 Hz) is sensitive to
vestibular stress and disturbances. The
medium-high frequencies (0.50-1.00
Hz) reflect somatosensory activity and
postural reflexes mediated by the lower
extremities. Bursts of high frequencies
(over 1 Hz) are often induced by dys-
functions in the central nervous system.
5. A pattern analysis of the postural per-
formance that compares the four meas-
ures described above on the following
eight positions: head straight with eyes
open; head straight with eyes closed;
standing on elastic pads with eyes
open; standing on elastic pads with
eyes closed; head right with eyes closed;
head left with eyes closed; head up with
eyes closed; and head down with eyes
closed (Table 3 and Fig. 1). (For a
detailed description of the IBS, also
referred in the literature as “Tetra-atax-
iametry,” and for studies on its reliabil-
ity and reproducibility see 12,15-17.)

Procedure

All diabetic subjects were examined using
IBS on the occasion of being invited for
clinical reassessment of their disease. The
posturographic records for the normal and
clinical control subjects were available from
previous studies and were only scrutinized

for age and sex to match the diabetic target
group.

RESULTS — As shown in Table 2, the
present study generally confirms the results
of the previous investigations. Subjects
with severe neuropathy are significantly
less stable than normal subjects and
patients without neuropathy. Stability
scores also discriminate within the diabetic
sample, with the moderately neuropathic
patients scoring, as expected, between the
severe neuropathic and nonneuropathic
patients (see one-way analysis of variance
[ANOVA] on Table 2). On the relatively
stressful position head up with eyes closed,
the IBS score of stability turns out to be still
more sensitive: moderately neuropathic
subjects and even those not suffering from
neuropathy were significantly more unsta-
ble than were normal control subjects.

Table 3—General stability for eight positions in normal, clinical control, and diabetic subjects

reveals that with the exception of patients
with Parkinsons disease, all other clinical
control subjects (patients with peripheral
vestibular disorders, central nervous prob-
lems, or whiplash) show the same level of
significant instability as diabetic patients
with moderate and severe neuropathy
when standing with head straight and
closed eyes (classical Romberg). On the
position of head up with eyes closed, how-
ever, subjects with severe neuropathy show
a significantly higher instability than do
whiplash and vestibular patients. Consid-
ering these findings, it seems that instabil-
ity per se, although certainly being an
important concomitant symptom of dia-
betic neuropathy, is only a marginally spe-
cific posturographic marker of this disease.

Further pattern analysis of the postur-
ographic data revealed two additional aber-
rant characteristics of the diabetic target
group that appear to be population-spe-
cific. First, although both diabetic patients
and clinical control subjects are consis-
tently and significantly less stable than nor-
mal subjects, stability was significantly
more impaired in the left and right head
turn in the diabetic patients than in clinical
control subjects (Table 3, Fig. 1). Second,
in a similar vein, when comparing the pat-
tern of the Fourier spectrum, diabetic
patients showed a significantly greater
increase of sway power within the fre-
quency range of 0.5-1.00 Hz than did clin-
ical control subjects (Table 4, Fig. 2).

In light of these observations, it was
plausible to inspect the diagnostic validity
of the power scores on the frequency band
0.5-1.00 Hz at two positions, head right
and head left. Results of this data elabora-
tion are presented in Table 5 and Fig. 3. In

Position Normal Clinical control Diabetic P
n 30 53 28 —
Head straight

Eyes open 11.7+4.70 18.1+11.77 16.2 £8.51 NS

Eyes closed 15.2 £4.50 23.4+£19.60 23.3+14.70 NS
Elastic pads

Eyes open 145+4.11 21.2+10.47 204+£7.74 NS

Eyes closed 21.9+8.21 28+15.11 33.1+16.57 NS
Head right 14.7 +4.32 20.7 £15.70 30.0+£22.75 0.05
Head left 14.7 + 4.57 20.7 £15.19 27.2+18.40 0.10
Head up 14.8 +4.81 25.0 £ 24.52 30.0+19.31 NS
Head down 14.7 +5.35 21.8+18.62 25.2+14.41 NS

Data are means * SD. P values (determined by t test) are for clinical control versus diabetic subjects.
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contrast to the stability measures, the
power scores on these two positions turned
out to represent a valid and specific pos-
turographic sign of diabetic neuropathy. As
can be seen in Table 5 and Fig. 3, these
power scores discriminate significantly
between normal and diabetic subjects at all
levels of neuropathy, whereas clinical con-
trol subjects (except for vestibular pathol-
ogy on the head right position) score within
normal range. It should be noted that the
power scores of diabetic patients without
neuropathy are still significantly above nor-
mal level. The findings are age indepen-
dent, as shown in Table 1 and in Table 6,
with the latter demonstrating that the
highly significant differences in the power
spectral scores between elderly healthy
subjects and severely neuropathic patients

Figure 1—General stability in normal, clinical control, and diabetic subjects. Higher scores indicptsist despite rigorously controlled age.

worse stability.

Table 4—Patterns of Fourier spectral intensities of body sway at eight frequency bands

normal, clinical control, and diabetic subjects

Frequency (Hz) Normal Clinical control Diabetic P
n 30 53 28

0.01-0.10 19.2 +4.63 255+ 14.66 21.2 +6.68 NS
0.10-0.25 9.3+2.35 14.0 £ 8.47 12.2+2.18 NS
0.25-0.35 7.2+1.46 10.3£4.80 19.5+3.10 NS
0.35-0.50 53x111 7.5+3.83 8.9+3.84 NS
0.50-0.75 3.8+110 5.2+3.06 7.5+35 0.01
0.75-1.00 2.8+0.91 3.7+2.93 5.3+ 3.06 0.05
1.0-3.0 1.0+0.29 1.4+1.00 1.0+£0.42 NS
=3.0 0.19+0.05 0.23+0.10 0.18 £ 0.03 NS

Data are means + SD. P values (determined by t test) are for clinical control versus diabetic subjects.

Figure 2—Fourier spectral pattern of postural sway in norn¢@®), clinical contro{l), and diabetic

(A) subjects.
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On the other hand, it can be seen in Table
1 that the diabetic patients without neu-

ifopathy are even somewhat younger than

the normal control subjects, while their
spectral scores are significantly higher
(Table 5). Also, results of a one-way
ANOVA indicate that the power scores dif-
ferentiate significantly between the levels of
neuropathy within the diabetic sample
(Table 5).

CONCLUSIONS — Although  the
results of this study confirm findings of
previous research on the issue of postural
instability in diabetic neuropathy, the IBS
used in this investigation revealed that a
specific parameter—power of sway at the
frequency band of 0.5-1.00 Hz on posi-
tions requiring head turn in the horizontal
plane—is not only highly sensitive to pos-
tural disturbances in cases of diabetic neu-
ropathy as compared with normal subjects,
but also differs between the diabetic neu-
ropathy and other clinical groups. In addi-
tion, this parameter also seems to be a
posturographic marker of high risk in
patients not yet showing any clinical signs
of the pathology. This might offer the pos-
sibility of using the IBS in the context of
monitoring effects of preventive measures
and early treatment of the disorder. It
remains to be explained why power of
sway within the high-medium frequency
band reinforced by lateral head turn is
affected by manifest or eventually immi-
nent diabetic neuropathy. Although it is
known that power of sway at 0.500-1.00
Hz is affected by somatosensory feedback
(12-14) and thus might be sensitive to
nerve conduction problems, it is less clear
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Postural sway in diabetic neuropathy

Table 5—Posturographic differences between diabetic, normal, and clinical control subjects

in Fourier spectral power of body sway at frequency band 0.50-1.00 Hz 2.
Position
Subject group n Head right, eyes closed Head left, eyes closed 3
Diabetic neuropathy
Severe 8 12.7 + 6.25% 9.2 +6.09%
Moderate 12 6.2 £ 4.24% 5.7 +3.02%
Absent 8 5.5+ 2.70% 5.0+1.47* 4.
Normal 30 3.0+£1.11 3.2+1.78
Peripheral vestibular disturbances 19 4.2 £2.25* 3.9+£2.00
Central nervous system pathology 13 3.8+214 3.7+1.61
Whiplash 7 3.4+159 3.1+1.92 S
Parkinson's disease 14 4.9 +5.86 4.7 +6.00
Data are means + SD. Posturographic differences within the diabetic group, as assessed by one-way ANOVA:
for head right, eyes closed, F(3, 24) = 6.21 (P = 0.006); for head left, eyes closed, F(3, 24) =2.83 (P = 0.07).
*P < 0.05; TP < 0.01; P < 0.001 vs. normal subjects. 6
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Figure 3—Postupgraphic diierences among diabetic, normal, and clinical control subjects on Fourigt.

spectral power of body sway at frequency band 0.50-1.00 Hz. Abs., absent; CNS, central nervous sys
tem disturbance; Mod., moderate; Prk., Parkinson's disease; Sev., severe; Vst., peripheral vestibular dis
turbance; Whp., Whiplash.

Table 6—Posturographic differences between diabetic subjects with severe neuropathy and
healthy elderly subjects closely matched by age on Fourier spectral power of body sway at3
frequency 0.5-1.00 Hz

12.

14,
n Age Head right Head left
Severe neuropathy 8 57.1 12.7 £ 9.50* 9.2+6.09* 15,
Healthy elderly subjects 8 58.5 2.84+0.59 2.88+0.64
Data are means + SD. *P < 0.001.

16.
why horizontal shifts of the head should research is needed to validate and clarify
weaken the postural control in the target  these findings.
group. The only speculation we are able to 17

offer in respect to this question is that lat-
eral head turn induces a certain amount of
unilateral stress on the leg opposite to the
direction of the turn, which would be less
tolerable when nerve conduction is
impaired. Obviously, additional systematic
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