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ABSTRACT

Purpose: Investigate the prevalence of osteoporosis in patients with systemic
sclerosis (SSc) and describe alterations of bone tissue with High-Resolution peripheral
Quantitative Computed Tomography (HR-pQCT).

Methods: Thirty-three patients and 33 controls matched on age, body mass index
(BMI) and menopause were included. Bone mineral density (BMD) was measured at
the lumbar spine (LS), femoral neck (FN) and total hip (TH) by dual energy X-ray
absorptiometry. Volumetric BMD (vBMD) and bone microarchitecture were measured
by HR-pQCT at tibia and radius.

Results: In patients, BMI was significantly lower, the prevalence of osteoporosis
was significantly higher and HR-pQCT analysis showed a significant alteration of the
trabecular compartment with a decrease in trabecular vBMD on both sites than in
controls. In multivariate analysis, a low lean body mass, presence of anticentromere
antibodies and older age were identified as independent factors for decreased BMD at
LS (r2=0.43), FN (r2=0.61) and TH (r2=0.73). History or current digital ulcers were
also identified as an independent factor for microarchitecture alteration.

Conclusion: In patients an increased prevalence of osteoporosis was found and
HR-pQCT showed impaired trabecular bone compartment. Also, low lean body mass,
high age, digital ulcers and ACAs were identified as independent risk factors for bone
damage.

INTRODUCTION and osteoporosis (OP) is still debated.

Chronic inflammatory rheumatic diseases like
rheumatoid arthritis and spondyloarthropathy are well
recognized risk factors of bone loss and fractures [5]. SSc
has been recognized to be another potential inflammatory

Systemic sclerosis (SSc) is a chronic connective
tissue disease characterized both by fibrosis and
endothelial dysfunction [1].

Although the extent of skin involvement is the
key feature of this common disease, joint, periarticular
soft tissue and bone may be involved, leading to severe
alteration of the quality of life [2] in particular when hands
and feet are affected by the disease [3]. Although articular
manifestations are frequent and well described in SSc [4],
the suggestion that SSc may be associated with bone loss

joint diseases that may affect bone tissue [6-8]. Currently,
there are no recommendations for the systematic search of
OP in SSc [9]. OP is typically diagnosed by dual-energy
x-ray absorptiometry (DXA) measurements of areal Bone
Mineral Density (BMD). However, OP is characterized by
low bone mass but also by bone quality alterations both
leading to aincreased risk of fracture. High-Resolution
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peripheral Quantitative Computed Tomography (HR-
pQCT) is a non-invasive imaging technique that can
measure volumetric BMD (vBMD) and microarchitecture
parameters of cortical and trabecular bone [10]. This tool
has been used in clinical studies to investigate differences
in bone microarchitecture between patients with or
without fractures [11, 12]. It was also recently used in
patients with systemic lupus erythematosus to investigate
the microarchitecture deterioration associated with long-
term glucorticoid treatment [13]. The aim of our study
was to investigate the prevalence of OP by conventional
DXA, in caucasian female patients with SSc compared
to healthy controls. We also described the existence of
qualitative disorders of bone tissue in SSc by HR-pQCT
and further investigated the associations of some illness’s
characteristics with bone parameters.

RESULTS

Statistical tests and calculations were performed
on the thirty-three patients and 33 controls participants.
As shown in Table 1, no significant difference was
observed between patients and controls for all calculated
parameters except for the BMI, which was significantly
lower in patients compared to controls (p = 0.029). LS,
TH and FN BMD, were significantly lower in patients
with SSc compared with the control group (Table 2). After
adjustment for BMI, a significant difference in BMD
persisted at TH BMD. Among postmenopausal women (n
= 28 in each group), the prevalence of OP in SSc patients
(42.8 %) was significantly different than in controls
(10.7%), (p < 0.05). Table 3 showed the prevalence of OP
and osteopenia at each sites in postmenopausal subjects

Among premenopausal women none had Z-score
<-2DS

Body composition parameters were similar between
the two groups (data not shown)

Evaluation by HR-pQCT showed that trabecular
bone quality was significantly impaired in patients
compared to controls (Table 4). In SSc patients, we found
an alteration of trabecular bone compartment with a
significant decrease in Dtrab (approximately -17%) and
BV/TV (approximately -15%) at both sites. In addition,
we found alterations of the trabecular microarchitecture
with a significant decrease in Tb.Th at radius (-8%),
increased Tb.Sp (+ 15%) and decreased Tb.N at tibia
(-10.7%). However, measures related to the evaluation
of the cortical compartment (DCort and Ct.Th) were
comparable between the groups.

Relationship ~ between  systemic  sclerosis
characteristics and bone parameters assessed by univariate
regression analysis are presented in Table 5. In addition,
among qualitative variables, presence of anticentromere
antibodies (ACAs) was associated with BMD at all sites
(p» <0.01), with Dtrab at radius and tibia (p < 0.05) and
BV/TV (p < 0.05). History or current digital ulcers were

associated with TH BMD (p < 0.05), Dtrab at tibia (p <
0.05) and with Tb.N at tibia (p < 0.05). Variables with p <
0.2 were selected for multivariate analyses.

The multivariate analyses showed that variables
explaining independently Dtrab at the tibia (1> = 0.33; p =
0.007) were ACAs, history of digital ulcers, lean mass and
number of previous fracture. Variables explaining Tb.Sp
at tibia (1= 0.66, p < 0.0001) were current digital ulcers,
number of previous fracture, lean mass and menopause
duration. Variables independently influencing TH BMD (1
=0.73; p <0.00001) were age, lean mass and ACAs. The
same variables also explained LS and FN BMD however
with smaller r* values in these models.

DISCUSSION

The prevalence of OP was 3 to 51.1% in a
systematic review of bone status in patients with SSc¢ [19].
In the present study, the prevalence of OP was 42.8 % in
postmenopausal women with SSc and was significantly
higher than in controls. We have found significantly lower
BMD values at all sites in patients compared to controls. In
addition, osteopenia was more frequently observed at total
hip in patients versus controls (Table 2). Our results are in
line with previous studies [8, 20]. Note that the range of
values of OP prevalence in SSc reported in the literature
is rather large due to different population characteristics
(age, menopausal status, organ involvement, gender,
disease subtype and daily GC dose) [19, 20].

Previous studies in SSc patients have shown that low
BMI was associated with low BMD [6, 8, 20, 21]. Body
composition and more specifically lean mass has been
shown to be a significant factor associated with FN and LS
BMD [8] and it was demonstrated that BMI constitutes the
main determinant influencing BMD [21]. Accounting for
these data, we made a match on BMI. Despite this match
analysis, BMI remained significantly lower in the patients
group. After adjustment of densitometric values on this
parameter, it remained a significant difference between the
two groups for TH BMD. However, we did not detect any
significant differences between the two groups in fat mass
or lean mass.

To our knowledge, this is the first study that
assessed the alteration of BMD and parameters of bone
microarchitecture between SSc patients and healthy
subjects.

This is the primary data that showed a significant
alteration of trabecular bone compartment in patients
with SSc. This preferential alteration of trabecular bone
was also demonstrated in rheumatoid arthritis [22]. In
contrast, in systemic lupus erythematosus patients treated
with long-term GC, it has been found an unexpected
deterioration of the microarchitecture which predominated
at the cortical bone, with no significant difference at the
trabecular compartment [23].
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NS
0.029
NS
NS
NS
NS
NS
NS

<0.01

Table 1: Characteristics of systemic sclerosis patients and their age, menopause and BMI matched paired
controls *.
Demographics
Age, years (mean£SD) 63.2+10.2 62.9+10,4
BMI, kg/m? (mean+SD) 24.7+4.9 25.6+5.0
Duration of menopause, years (mean+SD) 15.4+11.4 13.9+9.7
Menopause, n (%) 28 (85) 28 (85)
Current smoking, n (%) 2 (6) 4 (12.1)
Alcohol, n (%) 0(0) 0 (0)
Personal history of fracture, n (%) 10 (30.3) 5(15.1)
Family history of hip fracture, n (%) 5(15.1) 3(9.1)
Treatment, n (%)
Prednisone 6 (18.2) 0(0)
Osteoporosis treatment 12 (36.4) 0(0)
Calcium and / or vitamin D 20 (60.6) 18 (59.4)
Inhibitor of proton pump 26 (78.8) 4(12)
Methotrexate 2 (6) 0(0)
Hydroxychloroquine 7(21.2) 0 (0)
History of cyclic intravenous prostanoids 10 (30.3) 0 (0)
Cyclophosphamide 0(0) 0(0)
Biology, n (%)
CRP (>10 mg/l) 1(3) ND
Vitamin D deficiency (< 10 ng/ml) 2 (6) ND
Vitamin D insufficiency (10-30 ng/ml) 18 (54.5) ND
Parathyroid hormone (>61 ng/l) 4(12.1) ND
Calcemia (<2.2 or >2.6 mmol/l) 0(0) ND
ANA 33 (100) ND
ACA 20 (60.6) ND
Antitopoisomerase (anti-Scl70) 4(12.1) ND
Anti-RNA polymerase 111 0(0) ND
Disease Characteristics
Disease duration, years (mean+SD) 9.5+8.4 NA
Skin involvment subset, n (%)
limited cutaneous 26 (78.8) NA
diffuse cutaneous 309.1) NA
limited sine scleroderma 4(12.1) NA
Current digital ulcers, n (%) 12 (36.4) NA
History of digital ulcers, n (%) 21 (63.6) NA
Organ involvment, n (%)
gastrointestinal involvment 24 (72.7) NA
malabsorption syndrome 0(0) NA
lung disease 9(27.2) NA
pulmonary hypertension 4 (12.1) NA
scleroderma renal crisis 0(0) NA
joint damage 26 (78.8) NA
Raynaud’s syndrome 33 (100) NA
HAQ (n = 32) (mean+SD) 0.833+0.830 NA
* SD = standard deviation; n = number; HAQ = Health Assessment Questionnaire; BMI = body mass index; CRP = C reactive Protein; ANA
= anti nuclear antibody; ACA = anticentromere antibody; ND = not determined; NA = not applicable.
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Table 2: Results of bone mineral density (BMD) and body composition by dual energy x-ray
absorptiometry (DXA) in women with systemic sclerosis and in controls*.

Patients (mean+SD) Controls (mean+SD) p p (adjusted for BMI)
LSBMD (g/em?)  0.918+0.157 (n=32)  0.941 £0.138 1=33)  0.0164 0.176
FNBMD (g/em?)  0.694+0.122 (n=33) 0.736 £ 0.113 (n=33) 0.0123 0.129
TH BMD (g/cm?) 0.796 +0.127 (n=33) 0.867 £ 0.105 (n=33) 0.0002 <0.02
Lean mass (kg) 35.69+6.15 (n=30) 38.52+5.79 (n=29) NS
Fat mass (kg) 21.21+£10.02 (n=30) 24.61£9.15 (n=29) NS

* The results are expressed as the meantstandard deviation (SD) of densitometric values in g/cm2 and values of lean and fat mass in kilograms
(kg). NS = not significant; n = number of subjects; LS = lumbar spine; FN = femoral neck; TH = total hip.

Table 3: Results of the prevalence of osteoporosis and osteopenia in postmenopausal women with systemic
sclerosis and controls, as classified by the World Health Organization.
Patients Controls p

Lumbar spine (%)

Osteoporosis 33.3(n=27) 7.1 (n=28) <0.05

Osteopenia 259 (n=27) 46.4 (n =28) NS
Femoral neck (%)

Osteoporosis 10.7 (n =28) 3.6 (n=28) NS

Osteopenia 64.2 (n =28) 64.2 (n =28) -
Total hip (%)

Osteoporosis 7.1 (n=28) 0 (=28 NS

Osteopenia 50 (n=28) 39.3 (n=28) NS

MATERIALS AND METHODS

Study population

A total of thirty-three SSc patients and 33 controls
(details below) were recruited during a 10 months period
(April 2012 to February 2013) from Rheumatology and
Dermatology departments of the Centre Hospitalier
Régional d’Orléans (France). All SSc patients fulfilled
criteria of the American College of Rheumatology and/
or criteria of LeRoy and Medsger [14]. Exclusion criteria
were underage, pregnant or breastfeeding women and lack
of understanding French language (for consent).

Likewise we included healthy women matched
one to one with patients on age (+/- 4 years), body mass
index (BMI) (+/- 3 kg/m?) and duration of menopause
(+/- 1 year). Controls were selected from a database
obtained from voluntary control women members of
complementary health insurance (MGEN, MNH France).
Exclusion criteria for controls were factors that may
cause bone loss, such as use of glucocorticoids (GC) for
a period at least 3 consecutive months with daily doses
above 7.5 mg/day equivalent prednisone, an untreated
hyperthyroidism, a primary hyperparathyroidism, a
chronic disease such as renal failure or chronic respiratory
failure, and a chronic inflammatory rheumatic disease.

In addition, women who had used anti-osteoporotic
treatments were excluded.

The study was approved by the local Ethical
Committee (No. 2012- R1). Written informed consent was
obtained from all subjects.

Clinical evaluation

Information concerning age, weight, height,
menopause duration, traditional OP risk factors and use
of medications, were collected from patients and controls.
In patients, disease characteristics were reported: disease
duration, disease subtype (limited or diffuse cutaneous
SSc, or sine scleroderma SSc), overall functional disability
measured with the Health Assessment Questionnaire
(HAQ) and current treatments (Table 1). Skin involvement
was assessed by the modified Rodnan skin thickness
score (MRSS) [15]. The vascular discase was defined by
presence of Raynaud syndrome and history or current
digital ulcers. Joint damage was defined by history or
current arthralgia or arthritis. Lung disease was defined
by presence of abnormalities on functional exploration,
such as diffusing capacity for carbon monoxide lower
than 75% or a total lung capacity lower than 80% and/
or the presence of interstitial lung disease seen on chest
X-Ray and/or by the presence of pulmonary hypertension.
Gastrointestinal involvement was defined by presence
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Table 4: Bone densitometric and microarchitectural variables by the HR-pQCT in women with systemic
sclerosis and in controls*.
Variabl Patients (n=33 Controls (n=33 p value (adjusted
ariables atients (n=33) ontrols (n=33) for BMI)
Distal radius

Dcort (mg HA/cm?) 836.5 +£86.7 826.3+£79.6 0.270

Dtrab (mg HA/cm?) 126.5+41.9 153.8+42.4 <0.02

D100 (mg HA/cm?) 287.8+75.8 300.7+70.8 0.371

Dinn (mg HA/cm?) 86.7+£45.5 115.3+43.3 <0.02

Dmeta (mg HA/cm?) 183.9+39.1 209.5+43.0 <0.02

Ct.Th (mm) 0.7+ 022 0.70+0.19 0.306

BV/TV 0.1+ 0.04 0.13£0.03 <0.02

Tb.N (1/mm) 1.6+ 0.38 1.72+0.33 0.081

Tb.Th (mm) 0.067 £ 0.01 0.073 +0.01 <0.02

Tb.Sp (mm) 0.62 +0.23 0.53+0.16 0.073

Tb1.NSD (mm) 0.32+0.23 0.27+0.17 0.243

Tibia

Dcort (mg HA/cm?) 815.5+71.8 802.8 +83.7 0.165

Dtrab (mg HA/cm®) 143.3 £44.4 170.8 + 36.8 <0.02

D100 (mg HA/cm?) 257.2+62.7 275.5+53.5 0.182

Dinn (mg HA/cm®) 98.3+48.2 128.1+39.9 <0.02

Dmeta (mg HA/cm®) 209.5+43.4 233.7+34.4 <0.02

Ct.Th (mm) 0.98+0.26 0.97+0.30 0.343

BV/TV 0.12+0.04 0.14 =0.03 <0.02

Tb.N (1/mm) 1.57+0.33 1.76 £ 0.27 <0.02

Tb.Th (mm) 0.08 £ 0.02 0.08%0.01 0.153

Tb.Sp (mm) 0.60+0.18 0.51+0.13 0.021

Tb1.NSD (mm) 0.32+0.21 0.29+0.31 0.385
* Results expressed as the mean + standard deviation (SD) values of the measured parameters. vVBMD = volumetric bone mineral density;
Dtrab = volumetric trabecular bone mineral density; Dinn = inner trabecular bone density; Dmeta = metatrabecular bone density; Dcort =
volumetric cortical bone mineral density; D100 = total volumetric bone mineral density; Tb.Th = trabecular thickness; Tb.N = trabecular
number; Tb.Sp = trabecular separation; Ct.Th = cortical thickness; Tb1.NSD = intra-distribution individual separation; BV/TV = trabecular
bone volume.

Table 5: Relationship between systemic sclerosis characteristics and bone parameters, by univariate
regression analysis*.
Number of
Age BMI Menop'ause Dlsea.se Fat mass Lean previous
duration duration mass ostoporotic
fractures
BMD (g/cm?)
IFJ; -0.37%* 0.30 NS 0.28 0.36 0.43* NS
H -0.48*  0.60T NS NS 054t o72F NS
-0.48% 0577 -0.33 NS 051t 077t -0.31
Dtrab (mg
3
H‘?{/acé?u)s -0.46% 034 -0.47* NS 0.32 0.45* -0.37*
Tibia -0.34 0.28 -0.33 NS NS 0.13* -0.44*
Tb.N tibia (1/mm) -0.39 0.33 -0.35 0.42* 0.38* 0.43* -0.49t
Tb.Th radius (mm) NS NS NS NS NS NS NS
Tbﬁi%igzm) 0.43*  -0.41* 0.47* 0.32 031 -047F 0.47t
o 0.43* -0.37* 0.45% -0.31 -0.41%* -0.39* 0.561
Tibia
BV 0.46% 033 L0.47* NS 032 045%  -037*
o -0.33 0.28 -0.33 NS 0.24 0.40 -0.44*
Tibia
Results are given with the correlation coefficient r.
NS = not significant.
*p <0.05.
tp<0.01.
*<0.001.
BMI = body mass index; BMD = bone mineral density; Dtrab = trabecular volumetric bone mineral density; Tb.N = trabecular number;
Tb.Th = trabecular thickness; Tb.Sp = trabecular separation; BV/TV = trabecular bone volume.
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of dysphagia, gastroesophageal reflux, malabsorption
syndrome and damage to oesophageal manometry. Renal
involvement was assessed by serum creatinine and history
of scleroderma renal crisis.

Biological evaluation

Fasting serum samples were collected from all
patients and used to analyse laboratory parameters
displayed in Table 1.

Bone mineral density (BMD) assessment

BMD was assessed by DXA on a Discovery
instrument (Hologic) at the lumbar spine (LS) (L1-L4,
anterior projection), femoral neck (FN) of the nondominant
side, total hip (TH) and whole body. Vertebral Fracture
Assessment was performed if the patient complained of
back pain and/or when there was either prospective height
loss greater than 2 cm, or an historical height loss greater
than 4 cm [16]. The Word Health Organization definition
of osteoporosis was applied [17]. For premenopausal
patients, bone density was expressed as Z-score. All
measurements of BMD were performed by experienced
technicians.

High-Resolution peripheral Quantitative
Computed Tomography (HR-pQCT)
measurements

HR-pQCT (XtremCT; Scanco Medical AG,
Briittisellen, Switzerland) provided access to vBMD and
bone microarchitecture in vivo at the nondominant tibia
and radius. All patients and controls were imaged using
the manufacturer standard in vivo protocol as described
previously [10]. The maximum resolution achieved
by this technique was 82 x 82 x 82 um3. Images were
processed using the default clinical evaluation protocol
provided by the manufacturer to derive standard cortical
and trabecular geometric and density measures [18].
During the examination, the arm and the leg of the
subject were immobilized in a splint made of carbon
fiber. An anteroposterior scout view was used to define
the measured region. The effective dose was 3 pSv per
measure in 3 minutes.

The entire volume of interest was automatically
separated into a cortical and trabecular region using a
threshold-based algorithm [18]. The outcome variables
used in our analyses were the following : vBMD
volumetric bone mineral density (mg HA/cm3), Dtrab
volumetric trabecular bone mineral density (mg HA/
cm3), Dinn inner trabecular bone density (mg HA/cm3),
Dmeta metatrabecular bone density (mg HA/cm3), Dcort
volumetric cortical bone mineral density (mg HA/cm3),

D100 total volumetric bone mineral density (mg HA/cm3),
Tb.Th trabecular thickness (mm), Tb.N trabecular number
(mm-1); Tb.Sp trabecular separation (mm), Ct.Th cortical
thickness (mm); Tb1.NSD intra-distribution individual
separation (mm), BV / TV trabecular bone volume (%).

One patient was excluded owing to excessive
motion artefact.

Statistical analysis

Analyses were performed using the R software
Version 2.15.2. For the comparative study of parameters
measured by DXA and HR-pQCT, means were presented
with their standard deviation (SD). Means measured in
patients were compared to those observed in control,
using the Student’s paired samples t test (Wilcoxon rank-
sum test for skewed distributed variables). p values <
0.05 were considered to be significant. For the univariate
analysis of the relationship between bone parameters and
disease characteristics, quantitative variables were studied
by the Pearson correlation coefficient (Spearman’s rank
correlation coefficient for skewed distributed variables).
Analysis of variance was used for qualitative variables.
Variables with p< 0.2 were selected for multivariate
analyses . A multivariate linear regression analysis was
performed to model the relationship between some
bone architecture variables and patients or disease
characteristics. The main benchmark for choosing the
best model was the adjusted coefficient R2. Normality of
residuals was verified by graphical method and controlled
by the Shapiro-Wilk normality test. Equivariance and
independence of residuals were tested by the Residues-
Adjusted Values graph.

Several factors may contribute and influence the
risk of OP in SSc. Systemic inflammation is a causal
factor often mentioned to have some relevance in the
induction of OP [5]. However although a high erythrocyte
sedimentation rate (ESR) (>30mm/1*'h) is considered to be
a relevant disease activity variable [24], an inflammatory
syndrome with high C reactive Protein (CRP) levels
is an unusual presentation in patients with SSc. Only 3
patients in our study exhibited an inflammatory syndrome
(higher CRP and/or ESR), preventing us to analyse the
relationship between BMD and systemic inflammation.
Furthermore, gastrointestinal involvement is frequent
in SSc and malabsorption may be also responsible for
calcium and vitamin D deficiency. Regarding vitamin D,
it has been demonstrated that deficiency and insufficiency
were respectively present in 23 to 32% and 82 to 86% in
Italian and French cohorts of patients with SSc [25]. These
last results contrasted with our data showing less vitamin
D deficiency and insufficiency (Table 1). In addition,
we did find neither significant relationship between low
values of vitamin D and BMD values nor with fracture
events. This can be explained by the small number of
patients with fractures (n = 10).
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We highlighted in multivariate analyses, an
association between ACAs and bone parameters on the
one hand, and digital ulcers and bone changes on the other
hand. Indeed, the presence of ACAs was significantly
associated in our study with low BMD values at all
sites, and lower values of Dtrab. This data has never
been reported in the literature. Ibn Yacoub Y et al. [26]
emphasized the link between the decrease in BMD and the
presence of anti-ScL.70, suggesting a relationship between
BMD and the diffuse subset of SSc. This link between
the diffuse subset and low BMD was also highlighted by
other authors [6, 7, 19]. Herein, we did not found parallel
relationship between this form and the deterioration of
bone tissue. This can be explained by the small number of
patients with diffuse cutaneous subset (n = 3).

Furthermore, in multivariate analyses, previous and
current digital ulcers were associated respectively and
significantly to a lower value of Dtrab and higher value of
Tb.Sp at tibia. In univariate analysis, digital ulcers were
also associated with lower FN and TH BMD values. It
should be noted that among the ten patients who had one
or more cyclic intravenous prostanoids treatments, eight
had OP and/or osteopenia. This suggested that the presence
of severe digital ulcers is associated with low BMD. It
could be speculated that the vascular changes may play a
role in the process of demineralization. The existence of
digital ulcers may reflect systemic microangiopathy and
may be involved in the alteration of bone tissue. The link
between digital ulcers and acro-osteolysis has been show
[4, 27]. Repeated vasospasm [4, 27] have been suspected
to play a role in the bone resorption process. In addition,
a link between decreased FN, ankle and foot BMD, and
an ipsilateral lower limb arterial disease has been shown
in the study of Laroche M et al [28]. The association
between ACAs and digital ulcer has been shown in several
studies [29, 30] . This could suggest that the direct or
indirect pathogenic role of ACAs may occur on bone, via
a vascular disease.

This study presents a novel unique approach as it
examines both the bone status in SSc patients using HR-
pQCT, but also the influence of demographic and clinical
factors on BMD and microarchitectural parameters.
Moreover, the matching control method provides the
advantage of reducing confusing factors such as age and
duration of menopause. Indeed, in previous studies, the
risk factors associated with low BMD were older age [6,
19, 20, 31] and duration of menopause [8, 19, 20, 32].
Another strength is the fact that the study population is
relatively homogeneous in terms of the subtype of the
disease: 26/33 patients had limited cutaneous form.
Thus, all results could be applicable to this category of
patients. The main limitation of our study is the small size
of our population (n = 33) as compared to a nationwide
population-based study [33]. However, SSc is a rare
disease and the number of included patients in our study
is relative, compared to the number of previous studies

concerned with bone damage in SSc. Inclusion of patients
treated with GC, inhibitor proton pumps and other
immunosuppressors may be a confounding factor, because
these treatments are likely to act on bone metabolism.
However, in univariate analysis, these treatments were
not associated with any of the bone parameters. Moreover,
GC did not appear in any of our models as an explanatory
factor. There is a scientific debate about the impact of GC
on BMD and OP in SSc: it has been showed that GC did
not influence the occurrence of OP in SSc [34] and that
cumulative GC doses did not differ between women with
or without osteoporosis fractures, which is in contrast with
the role of GC in the occurrence of fractures reported by
Lai et al. [33].

In conclusion, our study showed an increased
prevalence of OP in patients with SSc compared with a
control group. Both bone density and microarchitecture
alteration predominated at trabecular compartment.
Moreover, this is the first study demonstrating on one
hand, a significant relationship between digital ulcers and
alterations of bone structure and on the other hand, the
association between ACAs and alteration of bone tissue.
Presence of ACAs, and history or current digital ulcers
in post menopausal women with SSc, might lead to a
densitometry test.
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