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a b s t r a c t

Objective: To investigate the vestibular dysfunction in a cohort of patients with systemic sclerosis (SSc)
and to correlate the findings with disease parameters and microvascular involvement.
Methods: Vestibular affection was assessed in 30 female SSc patients and 29 age-matched healthy females
subjects by using the computerized dynamic platform posturography (CDP). Assessment of microvascula-
ture was done by nailfold videocapillaroscopy (NVC). The main clinical correlates of disease, such as renal
function, skin, articular and lung involvement, were evaluated by clinical and instrumental investigations.
Results: Subtle vestibular dysfunction was detected in 33% of SSc patients. They exhibited significant
decrease in their vestibular ratio values compared to controls (P = 0.01). There was a statistical significant
ystemic sclerosis

estibular dysfunction association of vestibular affection with both Rodnan’s skin score and vascular severity score. Moreover a
significant association was found between vestibular dysfunction and NVC patterns. On the other hand,
no correlation was observed between vestibular impairment with age, disease duration, disease subsets,
autoantibodies and the other clinical disease parameters.
Conclusion: Our results showed an evidence of vestibular impairment in patients with SSc. Vestibular

rrelat
nçais
dysfunction positively co
© 2010 Société fra

. Introduction

Systemic sclerosis (SSc) is a diffuse connective tissue disease,
haracterized by proliferation of the vascular tissue, oblitera-
ive microvascular lesions, and immune dysregulation [1]. The
athogenesis of SSc is very complex and still largely unknown,
ut vascular perturbation is supposed to be a primary event,
hich may trigger and drive the fibrotic process [2]. Peripheral
icroangiopathy can be easily recognized by wide-field nailfold

ideocapillaroscopy (NVC), a non-invasive and safe method that
s well established in the investigation of patients with Raynaud’s
henomena (RP) and SSc [3]. Most important is that scleroderma
icroangiopathy correlates with disease subset and severity of

eripheral vascular, skin, heart and lung involvement. Moreover
n scleroderma patients with late pattern may have an increased
isk to experience active disease and to show a moderate/severe

kin or visceral involvement compared to patients with early and
ctive patterns. Therefore NVC is a simple, non-invasive and non-
xpensive investigation, and is useful in staging of scleroderma
atients and also can provide prognostic information [4].

∗ Corresponding author.
E-mail address: yasseremad68@yahoo.com (Y. Emad).

297-319X/$ – see front matter © 2010 Société française de rhumatologie. Published by E
oi:10.1016/j.jbspin.2010.07.019
es with vascular severity score as assessed by NVC.
e de rhumatologie. Published by Elsevier Masson SAS. All rights reserved.

Vestibular impairment in autoimmune illnesses, including scle-
roderma, is one of the least written-about topics in medical
journals. Although rare, the impact and potential disability of
vestibular affection can be profound for those experiencing it, espe-
cially if not recognized and treated early. Vestibular disorders could
be assessed using computerized dynamic posturography (CDP), a
reliable and valid technology that provides an objective assessment
of vestibular involvement [5]. The aim of this case-controlled study
is to investigate the vestibular affection in patients with SSc and to
correlate the findings with disease parameters and microvascular
involvement.

2. Methods

This study comprised 30 female patients with SSc, who met the
ACR preliminary criteria for diagnosis and classification of SSc [6]
and the LeRoy et al. [7], criteria for subclassification of SSc into lim-
ited or diffuse disease pattern. All patients were recruited from the
Rheumatology and Rehabilitation Department, Faculty of Medicine,

Cairo University. In addition 29 normal healthy age-matched
female volunteers served as the control group. In all SSc patients
and normal controls could walk independently without ataxia, had
no significant lower extremity peripheral neuropathies, and with
no history of otologic or confounding neurologic disorders. In all

lsevier Masson SAS. All rights reserved.
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atients group antinuclear antibodies (ANA) and anti-centromere
ntibodies were determined by indirect immunofluorescence using
ep-2 cells as substrates, anti-topoisomerase I antibodies were

dentified using enzyme-linked immunosorbent assay (ELISA). The
tudy was approved by our institutional ethics committee and
nformed consent was obtained from all patients.

Skin and visceral organs assessment: skin thickness was scored
ccording to the modified Rodnan’s score [8]. Organ system
nvolvement was determined according to Steen et al. [9] with
he following visceral involvement assessment: (1) interstitial
ung disease (ILD) (bibasilar fibrosis observed on chest radiogra-
hy and high-resolution computed tomography); (2) pulmonary
ypertension (pulmonary artery systolic pressure > 35 mmHg on
oppler echocardiogram; (3) oesophageal involvement (hypo-
otility shown by barium radiography); (4) joint involvement

inflammatory polyarthralgias or arthritis or tendon friction rub);
5) cardiac involvement (pericarditis, congestive heart failure or
rrhythmias requiring treatment); (6) renal involvement (malig-
ant hypertension and rapidly progressive renal failure without
ny other explanation).

Vascular assessment: vascular involvement was evaluated based
n a severity scale classification proposed by Medsger et al. [10].
riefly, peripheral vascular involvement was judged absent (stage
) in the case of absence of RP or RP not requiring vasodilators,
ild (stage 1) for RP requiring vasodilators, moderate (stage 2) for

igital pitting scars, severe (stage 3) for digital tip ulcerations or
nd stage (stage 4) for digital gangrene. Assessment of microvas-
ulature using nailfold videocapillaroscopy (NVC) was performed
y the same operator in all patients. NVC was performed using an
ptical probe videocapillaroscope connected to image analysis soft-
are (KK-Technology, Bridleways Hollyford, and Devon, England).

he microvascular alterations were classified into three different
atterns according to Cutolo et al. [11]. These include ‘early’ pat-
ern of few enlarged/giant capillaries, few capillary hemorrhages,
elatively well-preserved capillary distribution, and no evident loss
f capillaries; the ‘active’ pattern of frequent giant capillaries, fre-
uent capillary hemorrhages, moderate loss of capillaries, mild
isorganization of the capillary architecture, absent or mild ram-
fied capillaries and the presence of edema; the ‘late’ pattern of
rregular enlargement of the capillaries, few or no giant capillaries
nd hemorrhages, severe loss of capillaries with extensive avas-
ular areas, disorganization of the normal capillary array and the
resence of ramified/bushy capillaries.

able 1
emographic and clinical characteristics of whole group of patients (n = 30), in patients w

group II).

Parameter All patients (n = 30) Group

Age (years)a 48.17 ± 9.36 49.90 ±
Range (years) (19–68) (35–68
Disease duration (years)a 6.78 ± 4.20 5.70 ±
Range (years) (1–17) (3–15)
Rodnan’s skin scorea 25.56 ± 9.41 32.10 ±
Range (4–40) (13–40
Limited 23 (76.7) 9 (30)
Diffuse 7 (23.3) 3 (10)
Acroosteolysis 17 (56.6) 5 (50)

Articular 14 (46.6) 5 (50)

Oesophageal dysmotility 24 (80) 8 (80)

Pulmonary Fibrosis 11 (36.6) 4 (40)

Pulmonary hypertension 11 (36.6) 2 (20)

a Data are the mean ± standard deviation (SD), other data are percentage; Mann-Whit
as used to compare frequencies; HS: highly significant (P < 0.001); NS: none significant
Spine 78 (2011) 266–269 267

Vestibular assessment: vestibular affection was assessed using
sensory organization test of the CDP on the EquiTest (Neurocom
International, Clackamas, Oregon, USA). Vestibular affection was
detected by measuring the ratio of the vestibular challenging con-
dition (sway referenced force platform motion and eyes closed) to
the control condition (standing quietly with eyes open). Three trials
of each of the two conditions were used. The dependent measures
for the condition were the average equilibrium score from all three
trials.

3. Statistics

The statistical package for social sciences (SPSS) version 10
(LEAD Technology Inc., Charlotle, NC, USA) was used to analyze
data. Continuous variables were summarized as median (range)
and categorical variables as frequency (percentage). Nonparamet-
ric Mann-Whitney U test compared two independent groups and
Kruskal-Wallis test compared more than two groups. Associations
between categorical groups were tested using the Chi square test
(�2) with Yates correction or Fisher’s exact test as appropriate.
Spearman’s rank correlation test was used as a measure of asso-
ciation of quantitative variables. In all tests P values < 0.05 were
inferred as statistically significant.

4. Results

This study was conducted on 30 female patients with SSc and
29 normal control subjects. No statistical significant differences
of the median age between SSc patients and healthy control sub-
jects (49 years, range 19–68 vs. 47 years; range 20–63 respectively;
P = 0.227). The median disease duration was 7 years ranging from
1–17 years. Seven patients had diffuse SSc and 23 patients had lim-
ited SSc. Regarding the autoantibodies found in our patients, ANA
was found in 26 patients, anti-topoisomerase I in seven SSc patients
(23%) and anti-centromere antibodies in 12 patients (40%). Detailed
demographic and clinical features of the SSc patients are presented
in Table 1.
Vestibular Score in SSc patients and healthy controls: SSc patients
showed significant decrease in the median vestibular ratio than the
healthy controls (66.5, range 19–78 vs. 71, range 55–94; P = 0.010).
There was no statistically significant difference of the median
vestibular ratio between patients with diffuse versus those with

ith vestibular dysfunction (group I), and in patients without vestibular dysfunction

I (n = 10) Group II (n = 20) P value significance

10.52 47.30 ± 8.88 0.502
) (19–62) NS
4.83 7.32 ± 3.86 0.267

(1–17) NS
8.07 22.30 ± 8.40 0.003

) (4–39) HS
14 (46.7) 0.372
4 (13.3) NS
12 (60) 0.705

NS
9 (45) 1

NS
16 (80) 1

NS
7 (35) 1

NS
9 (45) 0.246

NS

ney U test was used to compare continuous variables, while Fisher exact test (�2)
(P > 0.05).
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Table 2
The NVC patterns and vascular severity score of SSc patients based on the presence
of vestibular dysfunction.

Parameter All patients
(n = 30)

Group I
(n = 10)

Group II
(n = 20)

Mild vascular score 7 (23.3) 1 (10) 6 (30)
Moderate vascular score 7 (23.3) 1 (10) 6 (30)
Severe vascular score 13 (43.3) 6 (60) 7 (35)
End stage vascular score 3 (10) 2 (20) 1 (5)
Early NVC pattern 9 (30) 1 (10) 8 (40)
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Active NVC pattern 12 (40) 4 (40) 8 (40)
Late NVC pattern 9 (30) 5 (50) 4 (20)

ll data are percentages; NVC: nailfold videocapillaroscopy.

imited subtype (P > 0.05). Ten out of our 30 SSc patients (33%) had
iminished vestibular ratio (i.e., vestibular dysfunction) (Table 1).
statistical significant difference was found on comparing the
edian of Rodnan’s total skin score in patients with vestibular dys-

unction to those patients without (P = 0.004). Further, Rodnan’s
kin score was inversely correlated with vestibular ratio (r = −0.492,
= 0.006). No statistical significant differences were found between
ther organ system involvement, demographic data, and the preva-
ence of antoantibodies in patients with vestibular dysfunction
ersus those without (P > 0.05). In addition, no significant corre-
ations were found between the median age and disease duration

ith vestibular ratio (data not shown).
Relation of the vestibular dysfunction with the vascular severity

core and NVC patterns: nine patients (30%) had an early, 12 (40%)
n active and nine (30%) a late NVC pattern. Table 2 shows the NVC
atterns and vascular severity score of SSc patients based on the
resence of vestibular dysfunction. Patients with vestibular dys-
unction was significantly associated with both NVC patterns and
ascular severity score (�2 for linear trend = 0.135, P = 0.049 and �2

or linear trend = 0.191, P = 0.046, respectively). In addition, a statis-
ical significant difference was found between median vestibular
atio values and the pattern of NVC with a progressive decrease
rom early to active, and above all, to late pattern (72, 66.5 and 46,
espectively; P = 0.042 by Kruskal-Wallis test; Fig. 1A). Similarly,
he median vestibular ratio values were progressively diminished
y increasing vascular severity score from mild to end stage (72, 72,
6, and 45 respectively; P = 0.048, by Kruskal-Wallis test; Fig. 1B).

. Discussion

The current case-controlled study showed that 33% of SSc

atients have vestibular impairment. This impairment was more
requent in patients with active and late patterns of NVC. More-
ver SSc Patients with vestibular dysfunction showed significant
ssociation with both NVC patterns and vascular severity score

ig. 1. Vestibular ratio in SSc patients in relation to (A) nailfold videocapillaroscope
atterns; (B) vascular severity score. The lines inside the boxes indicate the median;
he outer borders of the boxes indicate 25th and 75th percentiles; the bars extending
rom the boxes indicate the 10th and 90th percentiles.
Spine 78 (2011) 266–269

(P = 0.049 and P = 0.046, respectively). Inner ear involvement has
been reported in many autoimmune connective tissue diseases,
including RA, SLE, mixed cryoglobulinaemia, and vasculitic syn-
dromes [12–19]. Similarly to other autoimmune diseases, SSc is
likely to trigger vestibulospinal reflex malfunctioning, however the
number of the studies that examined vestibular dysfunction and
inner ear abnormalities in SSc are scanty [20–22]. Giacomini et al.
[20] evaluated the orthostatic postural control in 36 SSc patients
and in 10 healthy age-matched females as a control group. In their
study postural stability was assessed by means of a static com-
puterized posturography technique. Consistent with our findings,
Giacomini et al. [20] observed that posturography results showed
relevant differences in body sway between patients and control
subjects and SSc patients exhibit a higher level of low/middle
frequency oscillations .The authors ending that subtle neurophysio-
logical dysfunctions in the orthostatic postural control exist in their
cohort. More recently increased frequency of benign paroxysmal
positional vertigo and vestibular pattern in clinical test of sensory
interaction and balance have been recently reported in SSc patients
[21,22]. Amor-Dorado et al. [21] assessed the frequency and charac-
teristics of benign paroxysmal positional vertigo (BPPV) and clinical
test of sensory interaction and balance (CTSIB) abnormalities in
42 patients with SSc and 74 controls. Their results showed that
seven patients (17%) fulfilled the diagnostic criteria for BPPV com-
pared with none of the controls (P < 0.001). A significantly increased
frequency of abnormal CTSIB was also observed in SSc patients
(48%) compared to controls (10%) (P < 0.0001). It was caused by a
vestibular pattern in most patients (P < 0.0001). The same group of
investigators [22] reported typical pattern of hearing impairment in
a series of 35 patients with limited SSc, which was a bilateral and
symmetrical sensorineural hearing loss with a flat pattern in the
audiogram. Finally, a significantly increased frequency of abnor-
mal caloric test and clinical test of sensory integration and balance
were observed in the patients’ group (P < 0.001 for both compar-
isons); given that these findings demonstrate strong evidence for
inner ear compromise in patients with SSc.

The exact mechanism of the vestibular impairment in SSc is
not fully understood and remains speculative. In theory immuno-
logical features of SSc such as aberrant autoimmune response,
collagen hyperproduction, fibrosis and vasculopathy changes in the
microvascular tissues could be implicated in vestibular dysfunc-
tion [1]. In previous work Arbusow and coworkers [23] have found
IgG antibodies against membranous labyrinth in 8/12 patients
with idiopathic bilateral vestibulopathies. Vestibular alteration in
our study could result from abnormal collagen deposition of the
vestibular hair cells. In our study we had found more impair-
ment of vestibular function among patients with increased skin
thickness as assessed by Rodnan’s scoring system. It was doc-
umented that fibrosis in the skin and internal organs in the
course of SSc is caused by the accumulation of an excessive
quantity of collagen and other components of the extracellular
matrix (ECM), in which fibroblasts play an important role in the
metabolism of ECM and connective tissue within the skin and
internal organs [24]. The vestibular system comprises a series of
interconnected fluid-filled membranous canals inside bony chan-
nels at the base of the skull. Extensive tissue network, formed
by connective tissue cells secreting collagen fibres within the
ECM in the membranous labyrinth, helps to control interstitial
fluid pressure by restraining the intrinsic swelling tendency of
the ground substance [25]. Disorganization of this network struc-
ture, probably by affecting the cell–cell and cell–ECM contacts

may affect the interstitial fluid pressure with subsequent impaired
endolymph outflow and eventually vestibular impairment might
occur [26].

In theory microvascular involvement of the labyrinthine vessels
may be also responsible for inner ear damage based on our finding
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f the association of vestibular impairment with NVC patterns and
ith the vascular severity score in SSc patients.

Vestibular dysfunction has been previously reported in both
atients with primary systemic vasculitis [16], and obliterative vas-
ulitis of the labyrinthic artery orits branches has been previously
mplicated in the pathogenesis of deafness among patients with
elapsing polychondritis [12]. Moreover vasculitic and autoim-
une mechanisms have been considered to play a role in the

athogenesis of the frequently subclinical audiovestibular dys-
unction that has been previously reported in patients with RA
nd SLE [13,14], in patients with polyarteritis nodosa [27], and in
ome cases presenting with sudden deafness and vertigo as early
anifestations of the disease [28]. Further more vestibular man-

festations, such as vertigo and nystagmus, have been described
n patients with giant cell arteritis [17], and in Behcet’s disease
18]. Taken together direct vascular involvement in these clini-
al settings could be implicated. Several studies have addressed
possible relationship between NFC alterations and the extent

f visceral involvement in SSc [4,29,30]. NFC abnormalities have
een previously correlated positively with the severity of skin, lung,
eart involvement and the diffuse form of SSc [4,29]. Bredemeier
nd coworkers found a positive correlation between the vascular
eletion score in NFC and higher Rodnan’s skin score, presence
f anti-Scl-70 antibodies, signs of peripheral ischemia, esophageal
ysfunction and pulmonary disease [30].

The aging process, of our SSc patients, should not have influ-
nced the vestibular ratio since an age-matched control group was
reselected for the statistical comparison and no significant differ-
nce between age of SSc patients with impaired vestibular function
nd those with normal function was found. We also examined the
nfluence of disease duration on the development of vestibular
bnormalities; however, we found no association between disease
uration and the development of vestibular abnormalities.

Finally a diminished vestibular ratio may reflect an ongoing
ncompensated vestibulo-spinal deficit in SSc. The correlation
etween low vestibular ratio scores and vascular severity score sug-
est that vascular lesions in scleroderma might be behind the delay
n central compensation of the vestibular dysfunction.

. Conclusion

The current study provides an evidence of the presence of
estibular abnormalities in patients with SSc; the later positively
orrelate with vascular severity score and skin thickness score. Our
ata suggest that vascular disease in the setting of this connective
issue disease may be responsible for this abnormality. This group of
atients needs rehabilitative balance therapy and monitoring their
ecovery.
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