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Abstract
Objective
Systemic sclerosis (SXc) is a multi-systemic disease of unknown etiology characterized by damage to the small
arteries, arterioles and capillaries. The documented occurrence of various neuropathiesin SSs patients led usto
hypothesize that there is a potential for postural control impairmentsin such disease. This study was aimed at
evaluating the orthostatic postural control of SSc patients who do not manifest balance or hearing symptoms.

M ethods
Postural stability was assessed in 36 female SSc patients by means of a static computerized posturography
technique. Their immunological and microvascular condition were evaluated by means of blood tests and micro-
capillaroscopy of the digital vessels. Posturography and microcapillaroscopy were performed before and after
treating the patients with lloprost. In order to compare results, posturography was also carried out on a control
group composed of 10 healthy women of similar age. Both groups were studied in two different sensory conditions,
i.e. with eyes opened and with eyes closed.

Results
Posturography results showed relevant differences in body sway between patients and control subjects. Fourier
spectral analysis of body sway showed that, independently from visual control, SSc patients exhibit a higher level
of low/middle frequency oscillations (both on the lateral and the anteroposterior axis). No relationship was
established between disease stage and postural performance.

Conclusion
This study seems to indicate a subtle neurophysiological dysfunction in the orthostatic postural control of female
SSc patients. Further tests on the somatosensory neurological function of SSc patients may help support the above
mentioned findings.
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Introduction
Otoneurological disturbances are often
linked to autoimmune aterations. For
instance, sensorineural hearing losses,
tinnitus or dizziness are often caused
by damage to the inner ear and/or the
neura structures of the central nervous
system (CNS). The above-reported
immune-mediated symptoms may
result from systemic as well as local
pathologies (1). In previous studies
dealing with systemic diseases such as
rheumatoid arthritis (RA) and systemic
lupus erythematosus (SLE), we have
been able to demonstrate subtle and
widespread alterations of the auditory
and balance systems in asymptomatic
patients. Neurophysiological auditory
aterations as well as voluntary oculo-
motricity and orthostatic postural con-
trol impairments were detected (2-4).
This work prompted us to investigate
the postural performance of patients
affected by systemic sclerosis (SSc).
Thisis a multi-systemic disease of un-
known etiology characterized by dam-
age to the small arteries, arterioles, and
capillaries with increased collagen pro-
duction and deposition in different
areas. SSc can affect the skin, heart,
lungs, kidneys, joints, muscles, and
gastroenteric system, eventualy lead-
ing to diffuse fibrosis (5,6). The docu-
mented occurrence of various neuropa-
thiesin SSs patients led us to hypothe-
size a potential for postural control im-
pairments in the disease (7-15). A re-
view of the literature showed that SSc
is often associated with autonomic dys
functions and postural impairments due
to significant myopathy (8, 16). Postur-
al control is the final result of several
centrally integrated functions that de-
pend on sensory inputs coming from:

i. the posterior labyrinth of the inner
ear (which perceives linear and
angular accelerations)

ii. fusiform receptors (that carry infor-
mation about muscles, legs and
spine stretching/contraction)

iii. the eyes, which enable us to per-
ceive the surrounding environment
through vision.

After receiving the above listed inputs,

the CNS sends out anticipatory or com-

pensatory responses in order to main-
tain postural balance. The aim of this
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study was to evaluate the orthostatic
postural control of SSc patients without
obvious balance or hearing symptoms.
To do so, postura control wastested in
36 SSc patients by means of a staticom-
puterized posturography device that
records body sway. At the same time,
blood tests and digital vessel microcap-
illaroscopy were carried out in order to
provide a complete evaluation of the
immunological and microvascular con-
dition of the patients.

Materials and methods

Thirty-six female patients who fulfilled
the criteriafor the classification of sys-
temic sclerosis (17) with a mean age of
50.5+8.2 years and a mean disease dur-
ation of 3+ 1.5 years congtituted the
study group. The control group com-
prised 10 healthy femae volunteers
with a mean age of 48+9.2 years. In-
formed consent was obtained from the
subjects before each test. Patients and
controls were selected after being thor-
oughly interviewed in order to ensure
the absence of possible confounding
neurological conditions (alcohol addic-
tion, thyroid disease, lumbar root dis-
ease, etc.). They had a corrected visual
acuity of 10/10 and did not manifest
any labyrinthine symptoms. All sub-
jects who displayed symptoms or
showed clinical evidence of postural
instability or hypotension were exclud-
ed from the study.

Sera from all the patients were tested
for antinuclear (ANA) and anticen-
tromere antibodies (ACA) by immuno-
fluorescence, for anti-DNA antibodies
by ELISA and for anti-ENA and anti-
SCL 70 antibodies by double immunod-
iffusion.

Nailfold microcirculation study was
performed both in the scleroderma pa-
tients and in normal controls using
Computerized Videocapillary Micro-
scopy (Videocap-Dietosystem, Scalar
Co. Ltd, Italy). This device consists of
a fiberopyic illuminator equipped with
an image digitalization software pro-
gram designed to perform morphomet-
ric and densitometric analyses. First,
the nailfold epidermis was made trans-
parent to light by applying a droplet of
immersion oil. Then a fiber optic cold
light illuminator was placed on the pa



tient’s finger and the nailfold was ob-
served magnified by 200. All fingers of
both hands were examined excluding
the thumbs, where the capillaries are
lessvisible.
Analysis of the capillaroscopic pictures
was based on qualitative as well as quan-
titative parameters. The main qualita
tive aspects were the general architec-
tural arrangement, the presence of oe-
dema, the presence/absence of extrava-
sations, the presence of tortuous loops
and the visibility of the subpapillary
venous plexus (SVP).
Static posturography was performed
using a normalized computerized static
posturography platform (S.Ve.P.—Am-
plaid, Bologna, Italy). Detailed in-
formation about this device has already
been published (18). Briefly, it consists
of a computer controlled platform that
records body sway by means of three
pressure-sensitive strain gauges. The
gauges are located on the vertexes of an
equilateral triangle whose image is
drawn on the platform. From informa-
tion provided by the sensors, a comput-
er records the position of the pressure
centers of the feet and plots a figure
caled a statokinesigram (Fig. 1). Dur-
ing the test the subjects were asked to
stand as still as possible, first with their
eyes open and then with their eyes
closed. Quantitative posturography
parameters were calculated from the
statokinesigram:

i. Tracelength (mm),i.e. thelength of
the trace made by the center of
pressure during the examination.

ii. Tracesurface (mn?),i.e. the surface
perimeter that includes 90% of the
area covered by the trace.

iii. Mean velocity of body sway (mm/
sec), i.e. the mean velocity of the
center of pressure during examina
tion. In order to quantify variations
in velocity, the standard deviation
(SD) of velocity was measured as
well.

iv. Fourier Fast Transformation (FFT)
on both X and Y axes. FFT calcu-
lates the frequency composition of
body sway by means of a mathe-
matical model.

FFT records:
1. Fundamental frequency (referred to
as “Fmax” in Fig. 2), i.e. the fre-
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Fig. 1. Statokinesigram. Center of gravity (CoG) position during examination referred to:
AL: surface of posturography platform in a SSc patient with eyes opened;

A2: mean position of CoG in a SSc patient with eyes opened;

B1: surface of posturography platform in anormal control with eyes opened;

B2: mean position of CoG in anormal control with eyes opened.

quency of oscillations, measured in
Hz, represented by the maximum
power (energy) normalized to 100
(Fig. 2).

2. Frequency power spectra, i.e. the
means = SD of the energies of oscil-
lations (defined hereby: intensity of
oscillation) within pre-established
ranges of frequency. The oscilla-
tions were quantified by measuring
the length (in mm) of the bars re-
ported on FFT graphs (Fig. 2). The
energy distribution was then divid-
ed in three frequency bands: low
(0.01-0.5 Hz), middie (0.5-1 Hz),
and high (> 1 Hz).

All parameters were recorded at a fre-

quency of 10 Hz and in two different

sensory conditions, namely with eyes
open and with eyes closed.

Critical limits for the normal values of

spectral composition being unavaila-
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ble, we analyzed the mean differences
between the two groups. Posturography
and capillaroscopy were performed
both before and after treating SSc pa-
tients with lloprost. Iloprost is a syn-
thetic prostacyclin which provides pro-
longed vasodilatation, reduces platelet
aggregation and promotes endothelial
lining function repair. For one week, all
SSc patients were treated with 0.5-2
ng/Kg/min of lloprost 6 hours a day.

Satistical analysis

Normal distribution of continuous vari-
ables was assessed by Shapiro-Francia
test. Continuous variables were com-
pared by Student’s t-test. Categorical
variables were compared by the c2 test
or Fisher exact test when required. Sta-
tistical analysis was performed using
Stata 6.0 software (Texas Station Uni-
versity College).
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Fig. 2. FFTgraphs. When examined with their eyes open, one of the differences between patients and
controlsisthat patients show an increase in low-middle frequency oscillations on both axes (X & Y).
Horizontal axis: frequency range (Hz);

Vertical axis: arbitrary units of intensity of oscillation;

Vertical bars: intensity of oscillations at different frequency;

Upper display: oscillations on lateral plane (X);

Lower display: oscillations on anteroposterior plane (Y);

F max: fundamental frequency of oscillation (the tallest vertical bar of each panel).

Results

Posturography revealsthat SSc patients
exhibit a pattern of body oscillation
which is different from normal sub-
jects. Fourier spectral analysis of body

sway shows that, independently from
visual control, SSc patients exhibit a
higher level of low/middle frequency
oscillations (both on the lateral and the
anteroposterior axes) (Tables| and I1).

Tablel. Posturographic spectral analysis with eyes open. The reported data show signifi-
cant differences in body oscillation frequencies between cases and controls (mean + SD).

Parameter Patients Controls
LFX 20.3 £ 29 146 £ 0.7 #
MFEX 83+ 53 43+ 0.7 §
MFY 50+ 12 35+ 07 *

§p< 005, * p< 0.01; #p< 0.001

LFX: low frequency body oscillation on the lateral axis (X); MFX: middle frequency body oscillation
on the lateral axis (X); MFY: middle frequency body oscillation on the anteroposterior axis (Y).
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When examined with their eyes open
SSc patients show a remarkable in-
creasein low frequency oscillations al -
ong the X axis (lateral displacements)
and in middle frequency oscillations
aong boththe X and Y (anteroposterior
displacements) axes.

The results in Table | can be summa-
rized asfollows:

» low frequency body oscillation
(0.01-0.5H2z) on X axisis 20.3
+ 2.9 in SSc patients vs. 14.6 +
0.7 in normal subjects (p < 0.001)

» middle frequency body oscilla-
tion (0.5-1.0 Hz) on X axisis 8.3
+5.3in SSc patientsvs. 4.3+ 0.7
incontrols (p < 0.05); onY axisis
50+ 12inSScvs. 35+ 0.7 in
normal subjects (p < 0.01).

When examined with their eyes closed
patients showed a remarkable increase
of low and middle frequency oscilla
tions on the Yaxis.

The results in Table Il can be summa:
rized asfollows:

e low frequency body oscillation
onY axisis 23.1+3.4 in SSc pa-
tientsvs. 12.8+2.3 in normal sub
jects (p < 0.001)

¢ middle frequency body oscilla-
tiononY axisis10.8+4.6 in SSc
patientsvs. 3.6+ 1.5 in controls (p
< 0.001).

Such a multi-planar/pluri-frequency
pattern of oscillation, being also inde-
pendent from visual control, seems to
suggest a non-labyrinthine etiology of
this phenomenon.

Table Il aso shows a statistically irrel-
evant increase in trace length, trace sur-
face, velocity, and standard deviation
of velocity, both with eyes opened and
with eyes closed. As for the disease
stage, 18 patients showed a scleroder-
ma active pattern, which is character-
ized by capillary destruction, large
avascular areas and branched capillar-
ies. All of them presentedanti-SCL 70
antibodies. On the other hand, the
remaining 18 patients showed a sclero-
derma dlow pattern, which is character-
ized by giant capillaries with no avas-
cular areas and few or no branched cap-
illaries, 14 out of them showed anticen-
tromere antibodies, the remaining 4
anti-SCL 70 antibodies. No relationship
has been found between disease stage
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Table 1. Posturographic spectral analysis with eyes closed. The reported data show signif-
icant differences in body oscillation frequencies between cases and controls (mean + SD).

Parameter Patients Controls
LFY 231+ 34 12.8+ 23 #
MFY 108 + 4.6 3.6t 15 #
#p< 0.001

LFY: low frequency body oscillation on the anteroposterior axis (Y); MFY: middle frequency body

oscillation on the anteroposterior axis (Y).

Tablelll. Primary summary variables in the posturography (mean + SD): cases vs controls

with open eyes (OE) and closed eyes (CE).

Patients Controls
Trace length OE 202 + 53 192 + 27
(mm.) CE 338 +130 302 +53
Trace surface OE 160 + 64 130 + 51
(mm?) CE 295 +118 252 + 63
Mean velocity OE 8+ 2 7+ 1
(mm/sec) (= SD)* CE 13+ 5 13 + 28
Standard deviationOE 5+ 2 4 + 07
of velocity ** CE 8+ 3 8+ 16

Primary summary variables in the posturography (mean + SD): cases vs controls with open eyes (OE)

and closed eyes (CE).
OE: open eyes; CE: closed eyes.

*Standard deviation of the mean of the velocity; **mean of the standard deviations of velocity.

(active vs dow pattern) and postural
performance in our patients.
Capillaroscopic quantitative parame-
ters show a statistically significant
change in the mean venular diameter
before (75.35 mm) and after (58.64 nm;
p = 0.007) the lloprost treatment. Con-
versely, the treatment did not produce
any changes in posturographic parame-
ters.

Discussion

Similarly to other autoimmune diseas-
es, SSc is likely to trigger vestibulo-
spinal reflex malfunctionings (2).
However, there is seems to be no spe-
cific medical literature on this topic.
The CNS maintains the upright stance
a the level of the brainstem, cerebel-
lum, basal ganglia, and the thalamus.
There are three sources of input to the
CNS (mainly the vestibular nuclei in
the brainstem) that allow it to function
properly: the visual, proprioceptive and
posterior labyrinthine systems. The
vestibulo-spinal reflex, directed from
the CNSto the lower limbs, enablesthe
subject to exert compensatory and anti-

gravity muscular activities aimed at
keeping the upright stance. The final
result of such areflex activity isacon-
tinuous slow-paced/long-length oscil-
lation of the body to and from its center
of gravity, in the fashion of an inverted
pendulum. Whenever the sensory input
or motor output are disturbed, an ab-
normality of the postural sway is ex-
pected to occur (19). Asaconsequence,
A compensatory mechanism dlicits a
fast-paced/short-length body sway
(20).

The frequency composition of the body
sway may selectively indicate the con-
trol mechanism employed in each case:
[abyrinthine control affects mainly low
frequency sway, mixed labyrinthine/
proprioceptive control affects higher
frequency oscillations (21-23).

In this paper, the pattern of body oscil-
lations on both planar axes, indepen-
dently from visual control, suggests a
perturbed postural control in SSc
patients, thus confirming preliminary
hypotheses (24).

A detailed evaluation of results indi-
cates that in SSc patients, the overall
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control of the postural system (as de-
picted by primary summary posturo-
graphic variables) is almost normal.
From a physical point of view these
findings may be described as a diffi-
cultly maintained standing position.

A more in depth analysis of postural
balance (i.e. spectral evaluation of the
body sway) reveds that SSc patients
maintain their upright stance by in-
creasing the number and frequency of
body oscillations as expected when
posture is challenged (20,25).Balance
istherefore conserved, but a greater ef-
fort must be exerted to achieve this
goal.

The effects of non-specific chronic ill-
nesses on the abnormalities observed in
SSc patients remain undefined. We
therefore recommend further control-
led tests on SSc patients matched with
other chronic reumatic diseases, not
involving microvascul ature.

The increase (about two-fold) of the
standard deviation of parameters recor-
ded in SSc vs. NL subjects may indi-
cate a heterogeneity in the amount of
“compensatory” body oscillations ex-
erted by each SSc patient to maintain
the upright stance. The degree of the
etiologic dysfunction may explain the
differences between patients. Since
visua control didn’t influence whatso-
ever SSc patients' postural perform-
ance, we can therefore confirm the
non-labyrinthine nature of the phenom-
enon.

The described subclinical postural ab-
normalities in SSc patients seem to
confirm the initial hypothesis of this
paper. The precise etiology of such a
postural disturbance cannot be defined
on the basis of this paper only. Even
though SSc patients showed an alter-
ation in their finger capillaries, thiswas
not related to posturography results.
Postural alterations may result from
compromised functioning of peripheral
somatosensory neural structures (22,
25,26). Since scleroderma may possi-
bly affect some of these structure (such
as peripheral nerves and the paraor-
tosystem) there is reason to suppose a
potential for postural impairment in
SSc patients (7, 8).

Further evaluations of SSc patients by
posturography and neurophysiological



Abnormalities of orthostatic postural control in SSc/P.G. Giacomini et al.

tests may confirm our findings and
clarify the relationship between postur-
al abnormalities and subclinical periph-
eral neuropathies.

In summary, this study provides evi-
dence for a subtle neurophysiological
dysfunction of the orthostatic postural
control in female SSc patients. Further
controlled assessment by somatosenso-
ry testing of neura function may be
useful to complete the above men-
tioned results.
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