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Abstract

Summary Radius and tibia bone microarchitecture, analyzed through a high-resolution peripheral quantitative computed tomog-
raphy, were significantly impaired in female patients with diffuse systemic sclerosis compared with healthy controls.
Acroosteolysis, quality of life-grip strength, hand disability, and disease duration were significantly associated with this bone
deterioration.

Introduction The effect of diffuse systemic sclerosis (dSSc) on the bone is not completely understood. The objective of this study
was to analyze the volumetric bone mineral density (vBMD), microarchitecture, and biomechanical parameters at the distal
radius and tibia using high-resolution peripheral quantitative computed tomography (HR-pQCT, XtremeCT) in female patients
with dSSc and identify clinical and laboratory variables associated with these parameters.

Methods Thirty-eight women with dSSc and 76 healthy controls were submitted to HR-pQCT at the distal radius and tibia.
Clinical and laboratory findings, bone mineral density(BMD), nailfold capillaroscopy (NC), total passive range of
motion(ROM), and quality of life (health assessment questionnaire—HAQ) were associated with HR-pQCT (Scanco Medical
AG, Briittisellen, Switzerland) parameters. Multiple linear regression models adjusted for clinical and laboratory variables, ROM
and HAQ, were performed.

Results Density, microarchitecture, and biomechanical parameters at the distal radius and tibia were significantly impaired in
dSSc patients compared with healthy controls (p < 0.001). Multiple linear regression models showed that lower trabecular density
(Tb.vBMD) (radius R* = 0.561, p = 0.002; and tibia R* = 0.533, p = 0.005), and lower trabecular number (Tb.N) (tibia R* = 0.533,
p=0.005) were significantly associated with acroosteolysis. Higher trabecular separation (Tb.Sp) was associated with disease
duration and higher HAQ-grip strength (radius R* = 0.489, p =0.013), while cortical density (Ct.vBMD) was associated with
ROM (radius R*=0.294, p = 0.002).

Conclusion Bone microarchitecture in patients with dSSec, analyzed through HR-pQCT, showed impairment of trabecular and
cortical bone at distal radius and tibia. Variables associated with hand involvement (acroosteolysis, quality of life-grip strength,
and ROM) and disease duration may be considered prognostic factors of this bone impairment.

Keywords Acroosteolysis - Grip strength - HR-pQCT - Radius - Range of motion - Systemic sclerosis - Tibia

Introduction

Systemic sclerosis (SSc) is a chronic autoimmune disease char-
acterized by vasculopathy of the small vessels, excessive colla-
gen synthesis, and activation of the immune system. Impaired
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hand function is considered a major source of disability in SSc
patients; the large number of variables associated with this dis-
ability includes skin sclerosis, microvascular lesions, tendon re-
tractions, the bone and articular involvement, acroosteolysis, and
subcutaneous calcinosis [1-4]. Flexion contractures are com-
monly observed in patients with SSc [5] and can significantly
affect the range of motion (ROM) of the fingers, leading to
functional limitations in activities of daily living (ADLs) [6]
and contributing to disease severity and progression [7].

Osteoporosis (OP) is a condition characterized by systemic
impairment of bone mass, strength, and microarchitecture,
increasing the propensity for fragility fractures.
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Dual-energy X-ray absorptiometry (DXA) is a valid meth-
od to measure BMD, diagnose OP, and help to predict the risk
of fracture [8], but it is not useful for analyzing the bone
microarchitecture. High resolution peripheral quantitative
computed tomography (HR-pQCT) is a new method for
assessing the bone microarchitecture and volumetric bone
mineral density (vBMD) in high-quality 3D images, and it
allows for the estimation of the bone functional properties
based on finite element analysis (FEA) [9].

Although the effect of SSc on the bone is not completely
understood, recent publications have shown an increased risk
of osteoporotic fractures in patients with SSc [10, 11]. A study
from Taiwan, analyzing 1712 SSc patients (with 77.8% fe-
males and mean age 50 years) compared with controls, found
a significantly higher incidence rate (IR) of vertebral (1.78)
and hip (1.89) fractures; the main risk factors for fractures
were female gender, older age, high dose of glucocorticoid
use, and bowel dysmotility [10]. Interestingly, a French study
compared the risk of osteoporotic fractures in 71 females with
SSc, 139 with rheumatoid arthritis (RA) and 227 healthy con-
trols; the prevalence of osteoporosis (30% in SSc, 32% in RA,
and 11% in controls) and fractures (35% in SSc, 33% in RA,
and 10% in controls) showed comparable frequency of frac-
tures in SSc and RA patients (35% in SSc vs. 33% in RA vs.
10% in controls) [11]. Low BMD and poor quality of life in
SSc can be associated with internal organ involvement [12],
acroosteolysis [2], disease duration [13], and low serum levels
of vitamin D [14, 15].

In this setting, studies focusing the bone microarchitecture
are necessary for a better comprehension of these factors that
can potentially affect the bone metabolism in SSc. In RA, a
disease with significant hand involvement, studies analyzing
HR-pQCT were focused in the distal radius [16, 17]. In SSc,
the only study analyzing HR-pQCT at the distal radius and
tibia included predominantly patients with limited SSc [18].
Faced with the hypothesis that SSc patients have a higher risk
of low bone mass [8, 10, 11, 19] and that skin thickening and
hand joint involvement can induce local bone loss and con-
tribute to functional disability in SSc patients, the aim of this
study was to evaluate vBMD, microarchitecture, and biome-
chanical bone properties at the distal radius and tibia using
HR-pQCT in women with diffuse SSc (dSSc) in comparison
with healthy controls (HC) and to correlate these bone alter-
ations with clinical and laboratory variables, nailfold
capillaroscopy (NC), ROM, and quality of life.

Methods
Patients and controls

A total of 107 female patients classified as dSSc according to
the criteria of LeRoy et al. [20] were attending the
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Scleroderma Outpatient Clinic of the Hospital das Clinicas
da Universidade de Sao Paulo from May 2012 to May 2013.
Inclusion criteria were female gender, age between 18 and
50 years, and the capacity to understand the study and sign
the informed consent. Exclusion criteria included diagnosis of
another connective tissue disease (CTD), severe organ in-
volvement (renal, lung, cardiac, or gastrointestinal), gastric
surgery, pregnancy, breastfeeding, severe infection, and severe
chronic comorbidities. Severe organ involvement was defined
according to a previous publication [21]: (1) kidney—
scleroderma renal crisis; (2) lung—pulmonary fibrosis with
a forced vital capacity <55% of predicted; (3) heart—
symptomatic pericarditis, congestive heart failure, or arrhyth-
mias requiring treatment; (4) gastrointestinal—malabsorption
(chronic diarrhea, with hypomotility at the small bowel,
contrasted radiographic study) or pseudoobstruction.

Forty-six patients were invited to participate, and 38 com-
pleted the study. All the patients and controls were non-
smokers.

Seventy-six healthy females matched for age, height,
and weight, constituted the control group. They were em-
ployees of the university or their family members.
Exclusion criteria were bone-associated metabolic dis-
eases, prior non-traumatic fracture, chronic diseases (dia-
betes mellitus, renal or liver failure, hyperthyroidism, hy-
pothyroidism, and malabsorption), use of any medication
that could interfere with the bone metabolism
(bisphosphonates, teriparatide, anticonvulsants, anticoag-
ulants), smoking, and drinking (considered significant if
>3 U/day). Few patients were using low doses of predni-
sone (< 10 mg/day) for a short period of time. Despite its
effects on bone metabolism, proton pump inhibitors (PPI)
were not excluded from the study, as they were necessary
for the treatment of the esophageal involvement of the
SSc patients.

SSc clinical manifestations

An interview and physical examination were performed to
analyze the presence of ischemic ulcers, calcinosis, and
visceral involvement (esophageal dysmotility, bowel in-
volvement, interstitial lung disease (ILD), pulmonary hy-
pertension, scleroderma renal crisis, peripheral neuropa-
thy). A modified Rodnan skin score (mRSS) was used
to determine the extension of the skin involvement, clas-
sifying 17 anatomical sites from 0 (no skin involvement)
to 3 (severe skin involvement), with a maximal score of
51 [22]. Scleroderma hand contracture was considered
when the joint involvement score of the Medsger severity
index [23] was > 1, corresponding to finger-to-palm dis-
tance > 1.0 cm. Acroosteolysis was determined by physi-
cal examination and confirmed by radiographic findings.
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Range of motion

The total passive ROM in each finger was measured and cal-
culated from the angle between maximal flexion and maximal
extension of each joint using a stainless JAMAR goniometer.
The total passive ROM of each finger was measured as follows:
ROM of metacarpophalangeal (MP,°), ROM of proximal inter-
phalangeal (PIP,°), and ROM of distal interphalangeal joint
(DIP,°), according to a previously published protocol [24].
The same professional gauged passive ROM for all patients.

Laboratory data

Blood was collected in the morning, following a 12-h fasting
period. Laboratory parameters of bone metabolism included
calcium, parathormone (PTH), and 250HD serum levels; se-
rum and plasma were aliquoted and kept at —80 °C in the
Bone Metabolism Laboratory of Rheumatology Division for
further analysis. The analysis of autoantibodies included anti-
nuclear antibodies (ANA) and anticentromere antibody
(ACA), by indirect immunofluorescence with Hep-2 cell,
and anti-topoisomerase I (anti-Scl-70) antibody, by
immunoblotting.

Bone mineral density

BMD was analyzed by dual-energy X-ray absorptiometry
(DXA; Hologic; QDR 4500, Bedford, MA, USA) at the lum-
bar spine (L1-L4), femoral neck, total hip, and 1/3 radius.

Quality of life

This study performed the HAQ disability index, validated to
the Brazilian—Portuguese language [25]. It contains eight do-
mains of activity (dressing, raising, eating, walking, personal
hygiene, reach, grip strength, and usual daily activities), each
of which has at least two questions, for 20 items. For each
item, patients report the amount of difficulty experienced
performing the activity. A mean score was calculated for each
domain. This score ranges from 0 (can do without difficulty)
to 3 (unable to do).

Nailfold capillaroscopy (NC)

NC was performed and graded by the same rheumatologist for
all participants. Eight digits (all of the fingers except thumbs)
were examined using a bifocal stereomicroscope (Zeiss,
Germany). Abnormal findings were nailfold
microhemorrhages, reduced capillary density, enlarged loops,
and avascular areas. The severity of the abnormalities was
quantified as between 0 and 3, with 3 considered as the worst
stage. NC was also classified as “early” (presence of giant
capillaries without loss of capillaries), “active” (presence of

combination of giant capillaries and avascular areas), and
“late” (predominance of avascular areas) [26].

HR-pQCT parameters

Volumetric density, structural, and biomechanical parameters
were analyzed by HR-pQCT (XtremeCT, SCANCO Medical
AG, Briittisellen, Switzerland) at the non-dominant distal radi-
us and tibia. The measurements included 110 slices with a
length of 9.02 mm (voxel size of 82 um) from the distal end,
positioned 9.5 mm proximal to the reference line. The follow-
ing settings were used: effective energy of 60 kVp, X-ray tube
current of 95 mA, and matrix size of 1536 x 1536. A single
operator performed all HR-pQCT scans. The entire volume of
interest (VOI) was automatically separated into cortical and
trabecular regions using a threshold-based algorithm. To access
the different bone parameters, the XtremeCT system automat-
ically creates different compartments (total bone, trabecular,
and cortical bone) based on image processing. These scripts
include the definition of volumetric density parameters (mg
HA/cm?®) for trabecular (Tb.vBMD) and cortical (Ct.vBMD)
regions; trabecular structure parameters for number (Tb.N,
1 mm), thickness (Tb.Th, mm), separation (Tb.Sp, mm), and
cortical structure parameters for cortical thickness (Ct.Th, mm);
and cortical porosity (Ct.Po). The measurement of Ct.Po, a
validated auto-segmentation method, was applied to separate
the cortical and trabecular compartments. Ct.Po was calculated
as the percentage of void space in the cortex [27]. This method
has been validated for accuracy and reproducibility and is dis-
tributed by the manufacturer (Scanco Medical).

The biomechanical properties are established by a finite
element analysis (FEA), also calculated by the software
(Finite Element Soft-ware, V.1.13, Scanco Medical AG,
Switzerland, January 2009, Manufacturer Handbook) and
are represented by bone stiffness (S, n/mm) [9]. The precision
of HR-pQCT for the distal radius (DR) and distal tibia (DT)
presented a coefficient of variation ranging from 0.93 to
1.41% (DR) and 0.25 to 1.16% (DT) for density measure-
ments and 1.49 to 7.59% (DR) and 0.78 to 6.35% (DT) for
morphometric measurements in our laboratory [28].

Ethical approval

All patients gave their written informed consent and the Ethics
Committee of the University of Sao Paulo approved the study
(research protocol 0294/11).

Statistical analysis

Results were reported as the mean + standard deviation and as
percentages. Data with normal distributions were expressed as

the mean + standard deviation and were compared using an
independent Student’s ¢ test. Non-parametric variables were
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analyzed by the Mann-Whitney test. Categorical variables are
expressed as absolute (n) and relative (%) frequencies.
Pearson analysis was used to analyze the correlation between
HR-pQCT parameters and clinical and laboratory variables,
total passive ROM, and HAQ. Multiple linear regression anal-
ysis was performed and adjusted for the significant variables
observed in the univariate analysis at the distal radius and
tibia. The level of significance was 5%. The R*-adjusted
values highlights the quality of the model, and p values for
each variable showed significant 5 coefficients.

Results
Diffuse SSc patients and healthy controls

After applying inclusion and exclusion criteria, 38 patients
agreed to participate and signed the informed consent.
Moreover, 76 healthy subjects, paired by gender, age, and
BMI, were also selected; none of them had osteoporosis by
DXA nor have altered laboratory exams. Patients with dSSc
showed significant lower age of menopause compared with
HC. The demographic and clinical characteristics of the

patients with dSSc are described in Table 1. The mean mRSS
for the 38 dSSc patients was 20.8 at initial diagnosis and 6.6 at
study entry, after a mean of 8.3 years of disease duration.

Regarding treatment, 16 patients (42%) were currently using
monthly doses of intravenous cyclophosphamide, while 18
(47%) patients referred previous use, and four (11%) had never
used it. Among the 18 patients who previously used cyclophos-
phamide, 15 (39%) were currently using azathioprine and three
(8%) were using mycophenolate mofetil. Sixteen patients (42%)
also referred previous use of methotrexate. All the patients were
using at least one vasodilator drug (predominantly nifedipine or
diltiazem) and one proton bomb inhibitor (predominantly
omeprazol). Nine patients (24%) were currently using cortico-
steroids (prednisone, in a daily dose < 10 mg) and eight (21%)
referred daily use of calcium tablets. Only three patients referred
previous use of bisphosphonate for a short period of time, and
none were currently using any bisphosphonate.

There was no significant difference between the ROM of
dominant hand compared with the non-dominant hand in all
of the five fingers (Table 2). The intraclass correlation coeffi-
cient (ICC) of intraobserver variability of mean total passive
ROM in each finger was 0.968 + 0.06; an excellent ICC was
considered when > 0.8.

Table 1 Demographic and
anthropometric data in patients

with diffuse systemic sclerosis
(dSSc) versus healthy controls
(HO) BML, kg/m”

dSSc n=38 HCn=76 P
Age, years 402+73 38.9+8.9 0.45

255+5 26.1£3.6 0.45
Lean body mass, kg 384+7.1 41.2+4.8 0.02*
Menopausal age, years 37.6+6.8 433+7.5 <0.001*
Postmenopausal, n (%) 23 (61) 04 (5) <0.001*
Disease duration, years 83+5 _ NA
Modified Rodnan skin score 6.6+4.7 _ NA
Digital scars, n (%) 24 (63) _ NA
Active ulcers 0 _ NA
Calcinosis, 7 (%) 05 (13) _ NA
Acroosteolysis, 7 (%) 23 (61) _ NA
Hand contracture, n (%) 21 (55) _ NA
Esophagus (dysmotility and GERD), n (%) 31(82) _ NA
ILD, n (%) 30 (79) _ NA
Active NC, n (%) 18 (47) _ NA
Late NC, n (%) 20 (53) _ NA
Anti-Scl70, n (%) 19 (50) _ NA
ACA, n (%) 02 (05) _ NA
Calcium, mg/dL 9.2+0.61 _ NA
25-hydroxivitamin D, ng/mL 20.7+8.2 _ NA
Parathyroid hormone level, pg/mL 49.9+£20 _ NA
PTH > 65 (pg/ml), n (%) 08 (21) NA

ACA anticentromere antibodies; BMI body mass index; GERD gastroesophageal reflux disease; /LD interstitial
lung disease; NA not applied; NC nailfold capillaroscopy; PTH parathyroid hormone

*p-value < 0.05
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Table 2 Comparison between patients with diffuse systemic sclerosis
(dSSc) and healthy controls (HC) regarding areal bone mineral density
(aBMD) at the lumbar spine (L1-L4), femoral neck, total hip, and 1/3

distal radius, and comparison between range of motion (ROM) of
dominant versus non-dominant hands of dSSc patients

DXA aBMD dSSc n=38 HCn=76 P Segment dSSc Non-dominant dSSc dominant P
hand ROM (°) hand ROM (°)

aBMD L1-L4, g/cm? 0.92 +0.16 1.04 £ 0.08 <0.001 Radius-carpal 100.79 + 35.19 95.13 +30.12 0.45

aBMD femoral neck, g/cm? 0.71 £0.13 0.84 + 0.11 <0.001 Thumb 120.26 + 34.42 118.02 + 28.03 0.76

aBMD total hip, g/em® 0.79 £ 0.17 0.96 +0.12 <0.001 Indicator 205.47 + 62.76 119.79 + 64.33 0.35

aBMD 1/3 radius, g/cm? 0.52 + 0.08 0.58 £ 0.04 <0.001 Medium 227.32 + 64.81 20534 = 71.82 0.17
Ring 239.42 + 57.38 22295 + 62.88 0.24
Minimum 237.37 + 65.37 200.13 + 76.12 0.29

aBMD areal bone mineral density; dSSc diffuse systemic sclerosis; DXA dual-energy X-ray absorptiometry; HC healthy control; L/—L4 lumbar spine;

ROM range of motion

DXA results showed that there was a significant difference
among dSSc patients and controls regarding areal BMD
(aBMD) at lumbar spine (p <0.001), femoral neck
(p<0.001), total femur (p<0.001), and 1/3 radius
(p<0.001) (Table 2).

Regarding HR-pQCT parameters at distal radius, Pearson
correlation showed that Tb.vBMD was correlated with aBMD
L1-L4 (r=0.75, p<0.001), aBMD femoral neck (»=0.77,
p<0.001), and aBMD total hip (»=0.85, p<0.001).
Moreover, Ct.vBMD values of patients showed also correla-
tion with aBMD L1-L4 (r=0.33, p=0.03), aBMD femoral
neck (r=0.35, p=0.03), and aBMD total hip (r=0.36, p=
0.02).

HR-pQCT parameters in dSSc patients vs. healthy controls

The analysis of volumetric density, structure, and biomechan-
ical properties at distal radius showed lower density parame-
ters including Tb.vBMD (p <0.0001) and Ct.vBMD
(»<0.0001) in dSSc patients compared with HC. Regarding
the structure parameters in the trabecular compartment, dSSc
patients showed lower Tb.N (p<0.0001), and Tb.Th
(»<0.0001) and higher Tb.Sp (p <0.0001) compared with
HC. Ct.Th was decreased in dSSc patients (p <0.0001), but
Ct.Po was comparable between the groups (p=0.15).
Stiffness was significantly lower in dSSc patients compared
to controls (p <0.0001) (Table 3). HR-pQCT parameters at
distal tibia presented similar results as the distal radius, with
the only exception of Ct.Po, which was higher in SSc patients
compared to controls (p <0.001).

Radius

Volumetric bone mineral density parameters using HR-pQCT
vs. anthropometric, clinical and laboratory variables, and to-
tal passive ROM In the univariate analysis, Tb.vBMD values
were lower in patients with acroosteolysis (p <0.001), ILD

(p=0.01), and esophageal dysmotility (» =0.01). Tb.vBMD
was also positively correlated with total passive ROM (r=+
0.39, p=0.02) and negatively associated with disease dura-
tion (r=—10.43, p=0.007). Ct.vBMD was also correlated
with ROM (= + 0.49, p =0.001). dSSc patients with late pat-
tern NC had lower Ct.vBMD values (p = 0.03) compared with
patients with the active pattern. Laboratory parameters (serum
calcium, 250HD, and PTH) did not influence the volumetric
bone density parameters (Table 4).

Structural parameters using HR-pQCT vs. anthropometric,
clinical and laboratory variables, and total passive ROM In
the univariate analysis, patients with esophageal dysmotility
presented lower Tb.N (p = 0.006) and higher Tb.Sp (» =0.02)
values, compared with patients without esophageal
dysmotility. Moreover, patients with acroosteolysis showed
lower Tb.N (p=0.006) and higher Tb.Sp (p =0.02) values
compared with patients without acroosteolysis. There was a
positive correlation between Tb.N and ROM (r=+0.44; p =
0.006) and a negative correlation between Tb.N and HAQ-
grip strength (»=—0.33; p =0.04) and disease duration (r=—
0.43; p=0.007). Tb.Sp was inversely correlated with ROM
(r=—0.40; p=0.01) and showed a positive correlation with
HAQ-grip strength (r=+0.37; p=0.02), HAQ-reach (r=+
0.34; p=0.03), and disease duration (»=+0.46; p=0.003).
Lower Tb.Th was observed in dSSc patients with
acroosteolysis (p =0.01), with positive anti-Scl70 (p =0.03),
and with late pattern NC (p =0.03) compared with patients
without these parameters. Lower Ct.Th was observed in
dSSc patients with acroosteolysis (p =0.007), positive anti-
Scl70 (p=0.03) and late pattern NC (p=0.03), and ILD
(p=0.009) when compared with patients without these pa-
rameters. Lower Ct.Th also showed a positive correlation with
ROM (r=+0.42; p=0.008) and a negative correlation with
disease duration (r=—0.35; p=0.03) at the distal radius.
There was no association or correlation between Ct.Po and
these variables at the distal radius (Table 4).
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Table 3 Comparison of HR-
pQCT parameters of the distal
radius and tibia in patients with
diffuse systemic sclerosis (dSSc)
and healthy controls (HC)

Distal radius
Density
Tb.vBMD (mg HA/cm?®)
Ct.vBMD (mg HA/cm®)
Structure
Tb.N (1 mm)
Tb.Th (mm)
Tb.Sp (mm)
Ct.Th (mm)
Ct.Po (-)
Biomechanical
S (n/mm)
Distal tibia
Density
Tb.vBMD (mg HA/cm3)
Ct.vBMD (mg HA/cm®)
Structure
Tb.N (I mm)
Tb.Th (mm)
Tb.Sp (mm)
Ct.Th (mm)
Ct.Po (-)

Biomechanical

S (n/mm)

dSSc n=38 HC n=76 P
123.2+45.6 172.2+33.1 <0.0001*
836.61 +100.1 898.4+60.9 <0.0001*
1.6+£0.43 2.0+£0.3 <0.0001%*
0.06+0.01 0.07£0.01 <0.0001%*
0.62+0.30 0.44+0.08 <0.0001%*
0.59+0.22 0.76+0.18 <0.0001*
0.015+0.007 0.013 +£0.006 0.15
58,394.98+19,337.13 78,462.07 £14,470.35 <0.0001%*
dSSc n= 38 HCn=76 P

121.91 +45.28 157.80 +36.85 <0.0001*
905.92 £46.95 948.16 +34.98 <0.0001*
1.51+0.44 1.72+0.32 0.003*
0.07+0.01 0.08+0.02 0.0006*
0.67+0.27 0.53+0.13 0.0002*
1.08+0.28 1.25+0.19 0.0002*
0.040+0.01 0.028 £0.01 <0.0001%*
175,509.36 £47,492.05 199,573.57+£36,752.43 0.004*

Ct.Po cortical porosity; Ct.Th cortical thickness; Ct.vBMD cortical volumetric bone mineral density; dSSc diffuse
systemic sclerosis; HC healthy control; HR-pQCT high-resolution peripheral quantitative computed tomography;
Th.v BMD trabecular volumetric bone mineral density; 7b.N trabecular number; 7h.Sp trabecular separation;

Th.Th trabecular thickness; S stiffness

*p-value <0.05

Biomechanical parameters using HR-pQCT vs. anthropomet-
ric, clinical and laboratory variables, and total passive ROM
No association or correlation was found between bone stiff-
ness and these examined variables (Table 4).

Tibia

Volumetric bone mineral density parameters using HR-pQCT
vs. anthropometric, clinical and laboratory variables, and to-
tal passive ROM In the univariate analysis, Tb.vBMD
values were lower in patients with acroosteolysis
(»<0.001). Tb.vBMD was also negatively associated
with disease duration (r=-0.32; p=0.04). Ct.vBMD
was not associated with ROM (r=-10.07, p =0.67), nor
with late pattern NC values (p =0.51). Laboratory param-
eters (serum calcium, 250HD, and PTH) did not influence
the volumetric bone density parameters in the tibia
(Table 5).

Structural parameters at distal tibia using HR-pQCT vs. an-

thropometric, clinical and laboratory variables, and total pas-
sive ROM In the univariate analysis, patients with or
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without esophageal dysmotility presented no difference
with Tb.N (p=0.36) nor Tb.Sp (p=0.14) values.
Moreover, patients with acroosteolysis showed lower
Tb.N (p<0.001) and Tb.Th (p =0.045) and higher
Tb.Sp (»p=0.003) values compared with patients without
acroosteolysis. There was not a positive correlation be-
tween Tb.N and ROM (»=+0.26; p=0.11) nor correla-
tion between Tb.N and HAQ-grip strength (p >0.05) nor
disease duration (r=—0.25; p=0.13). Tb.Sp was also not
correlated with ROM (r=—10.26; p=0.11) nor with HAQ-
grip strength (p > 0.05), nor HAQ-reach (p > 0.05) nor dis-
ease duration (r=+0.19; p=0.25). Lower Tb.Th was ob-
served in SSc patients with acroosteolysis (p =0.045) and
with late pattern NC (p =0.03) compared with patients
without these parameters. Lower Ct.Th was observed in
SSc patients with ILD (p=0.01) when compared with
patients without these parameters (Table 5).

Biomechanical parameters using HR-pQCT vs. anthropomet-
ric, clinical and laboratory variables, and total passive ROM
No association or correlation was found between the bone
stiffness and the examined variables at tibia (Table 5).
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—0.35, 0.03*

>0.05

0.52 £ 0.22% 0.42, 0.008*

0.66 + 0.18*

0.03*

0.66 + 0.22*

0.03*

Table 4 (continued)

Ct.Th [mm]

@ Springer

0.12, 0.46

>0.05

0.014 + 0.007 —0.01, 0.93

0.014 + 0.006

0.86

0.015 + 0.007

0.92

Ct.Po [-]

Biomechanical

S [n/mm]

—0.18, 0.28

>0.05

0.16, 0.34

54,134.4 £ 17,659.95

63,128.97 + 20,498.44

0.15

60,197.9 + 20,708.7

0.57

Ct.Po: cortical porosity; Ct.vBMD: cortical volumetric bone mineral density; Ct.Th: cortical thickness; dSSc: diffuse systemic sclerosis; HAQ: health assessment questionnaire; HR-pQCT: high-resolution
peripheral quantitative computed tomography; NC: nailfold capillaroscopy; S: stiffness; Tb.N: trabecular number; Tb.Th: trabecular thickness; Tb.vBMD: trabecular volumetric bone mineral density

*p-values < 0.05

Multiple linear regression models were performed, adjusted
for clinical (ILD, esophageal involvement, and acroosteolysis)
and laboratory (anti-Scl70) variables, ROM, and HAQ at distal
radius and tibia At the distal radius, this analysis showed that
lower Tb.vBMD was significantly associated with
acroosteolysis (R?=0.561, p =0.002); higher Tb.Sp was as-
sociated with disease duration and higher HAQ-grip strength
(R2 =0.489, p=0.013), while Ct.vBMD was associated with
ROM (R*=0.294, p = 0.002) (Table 6). At the distal tibia, the
analysis showed that lower Tb.vBMD (R*=0.533, p=0.005),
and lower Tb.N (R*=0.533, p = 0.005) were significantly as-
sociated with acroosteolysis. (Table 6).

Discussion

This is the first study that demonstrates that microarchitecture
and biomechanical bone impairment analyzed through HR-
pQCT in dSSc female patients are significantly associated
with clinical variables indicative of poor prognosis, mainly
at the distal radius. Although some variables related to local
hand impairment in dSSc, as ROM and QoL-grip strength,
were only associated with bone deterioration at distal radius,
acroosteolysis was significantly associated with bone impair-
ment at both peripheral sites at HR-pQCT.

The decision to focus the analysis on dSSc and the female
gender was made to select a more homogeneous group of
patients, since limited and diffuse SSc subtypes can present
distinct profiles of organ involvement, specific autoantibodies,
and prognosis [20, 21, 29]. The selection of female patients
below 50 years age, without severe organ involvement and
current use of bisphosphonates, contributed to standardize a
group excluding many potential risk factors for osteoporosis,
although it also contributed to the low number of patients able
to participate in the study.

Diffuse SSc commonly presents flexion contractures of the
hands, leading to functional impairment [1] and reduced
health-related quality of life [30]. In the present series, al-
though the skin thickening significantly decreased from a
mean mRSS of 20.8 at SSc diagnosis to 6.6 at study entry,
hand flexion contractures were still observed in 55% of the
patients with dSSc. In many of these patients, despite the
decrease in skin thickening, significant limitations in hand
function can still persist due to skin atrophy, which is not
measured by the skin scores. These findings emphasize the
importance of analyzing other hand function parameters in
SSc patients besides skin thickening. In this scenario,
acroosteolysis can represent an important prognostic factor,
as it was associated with localized and systemic bone
impairment.

Acroosteolysis was the only variable significantly associat-
ed with bone microarchitecture and biomechanical bone im-
pairment in the univariate and multivariate analysis at both
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—0.03, 0.81 >0.05 0.09, 0.57

0.039 £ 0.017

0.041 £ 0.017

0.73

0.035 £ 0.017*

0.049*

Table 5 (continued)

Ct.Po [-]

@ Springer

Biomechanical

S [n/mm)]

>0.05 —0.26, 0.12

0.19, 0.25

174,327.9 + 54,905.2

176,822.1 £ 39,195.86

0.87

175,497.4 + 48,046.8

0.99

HR-pQCT: high-resolution peripheral quantitative computed tomography; dSSc: diffuse systemic sclerosis; NC: nailfold capillaroscopy; HAQ: health assessment questionnaire; Tb.vBMD: trabecular

volumetric bone mineral density; Ct.vBMD: cortical volumetric bone mineral density; Tb.N: trabecular number; Tb.Th: trabecular thickness; Tb.Sp: trabecular separation; Ct.Th: cortical thickness; Ct.Po:

cortical porosity; S: stiffness

*p-values < 0.05

sites, distal radius and tibia. It is frequently associated with
finger flexion contractures and important functional limitations
[1, 31], as well as a more severe disease [2], including esoph-
ageal dysmotility and ILD [32]. The frequency of
acroosteolysis in our study was 61%, while it ranged from 29
to 80% in international studies [1, 2, 33]. Regarding clinical
and laboratory variables specific to dSSc, we also observed that
decreased trabecular (Tb.Th) and cortical (Ct.Th) thickness at
distal radius were associated with positive anti-Scl70, a known
biomarker of ILD in SSc. Similarly, a high prevalence of pos-
itive anti-Scl70 was found among SSc patients associated with
hand deformity [34].

Previous studies suggested that SSc may be a risk factor for
bone loss, particularly in Caucasian patients [12, 35-38]. In this
study, DXA results showed a significantly lower BMD in all
the sites (the lumbar, hip, and radius) in SSc patients when
compared with healthy controls even when they were paired
by gender, age, and BMI. Nevertheless, DXA did not analyze
volumetric density or structural or biomechanical parameters.
A good instrument to better analyze these bone parameters is
the HR-pQCT. In the present study, all parameters analyzed by
HR-pQCT (density, structural, and biomechanical parameters)
at the distal radius and tibia showed a significant decrease in
SSc patients compared to controls, demonstrating systemic
bone impairment in dSSc patients.

Loss of bone mass in SSc appears to be associated with
longer disease duration and severity of joint involvement
[39], as well as immobility, ROM impairment, and prolonged
menopause [13]. The earlier age at menopause, as observed in
the present study and frequently described in other studies an-
alyzing SSc patients [35, 37, 39] can probably be associated
with the use of immunosuppressive drugs. Nevertheless, as all
diffuse SSc patients are commonly treated with immunosup-
pressive drugs (methotrexate, cyclophosphamide, azathioprine,
or mycophenolate mofetil), according to the recommendations
for the treatment of SSc [40], it was not possible to exclude
patients with the use of these drugs. And those few patients
currently using corticosteroids (prednisone, in a daily dose
< 10 mg) were using it for less than 12 weeks. Another med-
ication that can potentially affect bone density is the PPI; as
most SSc patients have esophageal involvement, the prescrip-
tion of PPI is mandatory for these patients.

We have not found any association between
microarchitecture alterations and digital ulcers. A recent
French study, analyzing HR-pQCT in 33 patients (30 limited
SSc and three dSSc) and 33 paired controls, found that low lean
body mass, anticentromere antibodies, and older age can rep-
resent independent factors for decreased BMD at lumbar spine,
femoral neck, and total hip; in that series, current or past history
of digital ulcers were associated with a lower value of trabec-
ular density and a higher value of trabecular separation at the
tibia [18]. Although the percentage of a positive history of
digital ulcers was quite similar in both studies (63% in our
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Table 6 Multiple linear regression analysis of HR-pQCT parameters (Tb.vBMD, Tb.N, Tb.Sp, Ct.vBMD) at distal radius and tibia, adjusted for
clinical and laboratory variables, in patients with diffuse systemic sclerosis (dSSc)

Distal Radius Tb.vBMD Coefficient p Tb.N Coefficient
B) B)
Longer Disease -2.02 0.165 —0.02
Duration
ILD -23.10 0.147 -0.16
Esophagus —-13.93 0332 -0.20
(dysmotility)
Acroosteolysis —34.62 0.019* —0.25
Anti-Scl70 7.84 0562 0.17
NC -0.53 0.968 0.09
ROM —-0.02 0.872  0.001
HAQ Grip Strength ~ —16.54 0.080 —0.17
Model Value R? 0.561* 0.002* 0.544*
Tibia Tb.vBMD Coefficient p Tb.N Coefficient
(&) B
Longer Disease -1.09 0.460 0.00
Duration
ILD -20.34 0210 -0.16
Esophagus 14.83 0313 0.02
(dysmotility)
Acroosteolysis —51.68 0.001* —0.44
Anti-Scl70 18.58 0.186  0.20
NC 1.98 0.885 0.17
ROM 0.05 0.723  0.00
HAQ Grip Strength ~ —7.38 0.435 —0.10
Model Value R? 0.533% 0.005% 0.533*

p Tb.Sp Coefficient p Ct.vBMD Coefficient p
(B (®)
0.164  0.020 0.049* B
0.295 0.016 0885 _ _
0.151  0.070 0488 _ _
0.070  0.135 0176 _
0.196 —0.067 0484 B
0.490 —0.034 0.721 —47.05 0.115
0.696  0.000 0978 0.79 0.006*
0.069 0.159 0.019*% _
0.004* 0.489%* 0.013* 0.294* 0.002*
P Tb.Sp Coefficient p Ct.vBMD Coefficient p
B ®
0.851 0.0014 0.884 -2.18 0.302
0.306 0.010 0924 —0.71 0.975
0.874  0.050 0.641 —4.12 0.843
0.003* 0.24 0.017 -7.39 0.719
0.147 -0.10 0273 -5.17 0.794
0212 —0.06 0.503 —6,19 0.752
0.722  0.0001 0938 —0.27 0.199
0.268 0.10 0.115 -12.73 0.348
0.005* 0.411* 0.057* 0.114* 0.924*

Ct.vBMD: cortical volumetric bone mineral density; HAQ: health assessment questionnaire; ILD: interstitial lung disease; NC: nailfold capillaroscopy;

ROM: range of motion; Tb.N: trabecular number; Tb.Sp: trabecular separation; Tb.vBMD: Trabecular volumetric bone mineral density

*p-values < 0.05

study and 63.6% in the French study), 36.4% of the patients in
the French study had current digital ulcers, while our study had
none. This finding can possibly explain the results related to
vascular alterations observed in our study. Detection of the
anticentromere antibody was rare (5%) in our cohort because
we only analyzed dSSc patients. Interestingly, while the study
focusing patients with predominant limited SSc showed
microarchitecture alterations in trabecular bone, our study, fo-
cusing on dSSc patients, showed alterations in both trabecular
and cortical bone compartments.

Interestingly, this study shows that impaired hand function,
analyzed by HAQ-grip strength, can be associated with the
bone microarchitecture alterations at the distal radius, especial-
ly at the trabecular bone. Poole and Steen also found that grip
strength was significantly correlated with HAQ scores, sug-
gesting that SSc patients had significant physical disability
and finger contractures [6]. According to these findings, an
improvement in quality of life in SSc patients should be asso-
ciated with interventional studies addressing handgrip strength
to improve hand function [41].

Our study showed that a significantly lower Ct.vBMD was
associated with impairment of finger ROM and that ROM

analysis at the dominant hand was similar to those at the
non-dominant hand. As hand function in SSc may be affected
by several factors, including not only skin thickening but also
vascular injury, local tissue, and tendon inflammation, a com-
prehensive assessment of hand involvement in SSc should
include evaluation of mobility, skin thickening, vascular in-
volvement and ADLs capacity. Prophylactic measures such as
hand and wrist exercises of self-stretching [24] could help
maintain ROM and Ct.vBMD as well as ADL capacity during
the first years of SSc [42].

Lower Ct.vBMD, Tb.Th and Ct.Th were associated with the
late pattern of NC at distal radius only in the univariate analysis.
A recent study analyzing nailfold videocapillaroscopy (NVC)
in 155 SSc patients (58% with limited SSc and 42% with dif-
fuse SSc) found that the late pattern of NVC was associated
with acroosteolysis and calcinosis; multivariate logistic regres-
sion analysis confirmed these associations with history and/or
active digital ulcers (referred by 34% of the patients); these
findings highlight the association of these variables with severe
vasculopathy in SSc [4].

Finally, the density and microarchitecture abnormalities
found in our study are likely to lead to the bone fragility,

@ Springer
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which was also demonstrated by changes in the biome-
chanical bone parameters. Interestingly, the cortical poros-
ity of the SSc patients was different from that of controls,
but this parameter could be altered by very thin or porous
cortices and coarse segmentation [43]. A study that eval-
uated which structural parameter (cortical thickness, tra-
becular thickness, number of trabeculae, or overall thin-
ning of structures) was the best predictor of the biome-
chanical properties of the human radius revealed that most
of the load was carried by the cortical bone and that small
changes in cortical thickness could cause dramatic bone
strength reductions [44]. In our study, the abnormalities in
the parameters of the bone fragility are compatible with
the altered structures found in the SSc group. Hand in-
volvement should alert us to the significant functional
impairment of dSSc patients. Hands and distal forearms
represent small proportion of the total area of the body,
but they are important in many functions and activities of
daily life.

This study has several limitations. First, as the objec-
tive of the study was to analyze female patients with dif-
fuse SSc with many exclusion criteria, the number of pa-
tients was low. Second, due to the need to treat those
diffuse SSc patients, the use of immunosuppressive drugs
was not possible to be exclusion criteria. Third, although
the use of steroids was at low doses (< 10 mg of predni-
sone or equivalent) in 24% of the dSSc patients, it also
may have contributed to these results. Fourth, factors ob-
served in dSSc patients such as early menopause, lower
lean body mass and chronic use of PPI may have contrib-
uted to the results of the study. Fifth, as hand function
impairment represented a significant factor associated
with bone microarchitecture impairment, multiple hand
outcome instruments should be used in future studies.

In conclusion, this study pointed out that trabecular and
cortical bone were significantly impaired at both periph-
eral sites in dSSc, and clinical parameters indicative of
poor prognosis were associated with this deterioration,
mainly at the distal radius. Acroosteolysis, related to dis-
tal radius and tibia bone damage, should alert us that this
manifestation may have implications in local and systemic
bone involvement.
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