Early detection of median nerve syndrome at the carpal
tunnel with high-resolution 18 MHz ultrasonography in
systemic sclerosis patients
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ABSTRACT

Objectives. To investigate carpal tun-
nel syndrome (CTS) with ultrasound
(US) in asymptomatic SSc patients and
to seek out the relationship between
CTS and SSc clinical variables
Methods. In 64 SSc patients (55 women
and 9 men, mean age 57+14 years) and
in 30 healthy controls, area (MNA),
transverse (MNT) and anteroposterior
(MNAP) diameters of MN at carpal
tunnel were studied with US (My Lab
25 XVG US Esaote 18 MHz). MN flat-
tening ratio (MNFR) was calculated.
Duration of disease, subset (limited,
diffuse), phase of skin involvement
(oedematous, atrophic, fibrotic), modi-
fied Rodnan skin score (mRSS) and fric-
tion tendon rub were also recorded.
Results. MNA (p<0.001), MNT
(p<0.005) and MNFR (p<0.005) were
significantly higher in the SSc patients
than in controls, while no difference in
MNAP was found. There was no corre-
lation between median nerve (MN) and
SSc clinical features (only lower MNAP
correlated inversely with longer disease
duration; Spearman coefficient -0.2).
Conclusion. MN involvement is fre-
quently present in all phases of asymp-
tomatic SSc patients, independently to
clinical variables.

Introduction

The association of Raynaud’s Pheno-
menon (RP) with carpal-tunnel syn-
drome (CTS) was first reported at the
Mayo Clinic in 1957 (1). Oedema of
hand and median nerve (MN) sensory
symptoms frequently may precede the
onset of RP (2). Blunt demonstrated
that CTS is not only owing to mechani-
cal factors, but also to neural ischemia
resulting from vasospasm (3). Carpal
tunnel tendon friction rub is considered
a prognostic negative factor in SSc,
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and its relationship with CTS is not still
well thought-out in literature (4).

In SSc, early detection of MN involve-
ment is important to prevent functional
hand disability (5). Electromyography
(EMG) often discloses significant re-
duction of distal MN sensory and mo-
tor conduction rate in SSc (6, 7) also
in asymptomatic patients (6). High
resolution ultrasound (US) of the car-
pal tunnel is a feasible and emerging
imaging tool for evaluating MN (8, 9),
cheaper, faster and less invasive than
EMG and more sensitive than clinical
examination (10). In SSc, only few is-
sues employed US in joint evaluation
(11) and in particular, there are no stud-
ies on early diagnosis of CTS. High-
frequency 18MHz US offers consider-
ably better resolution than probes that
previously estimated MN and, in SSc,
was also employed in dermal thickness
measurement (12).

The aim of our work was to investigate,
with US, MN in asymptomatic SSc pa-
tients, and the relationship between
CTS and SSc clinical variables (dura-
tion of disease, subset, phase of skin
involvement, Modified Rodnan Skin
Score-mRSS- and tendon friction rub).

Patients and methods

Sixty-four Caucasian patients without
motor and sensory symptoms (numb-
ness and muscular weakness) and signs
(muscular atrophy) were recruited at the
Department of Biomedicine, Division
of Rheumatology of the University of
Florence and classified as limited or
diffuse SSc subsets, according to inter-
national consensus criteria (13). Local
ethical committee approved the study
and an informed consensus was signed
by patients and controls.

Thirty healthy volunteers matched for
age, sex (same ratio male-female) and
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anthropometric values served as the
control.

Calcium-channel blockers and vasodi-
lators treatments were discontinued ten
days before US.

Patients with previous surgery or trau-
ma or corticosteroid injection in the
carpal tunnel, presenting local calci-
nosis, active wrist synovitis, crystals
deposition, abnormal thyroid function
and diabetes were excluded.

Ultrasound evaluation

All SSc patients and controls under-
went high-resolution real-time US of
the carpal tunnel using a My Lab 25
XVG US Esaote 18 MHz linear array
transducer, with the fix setting (52%
gain, 50% grey scale) of machine and
gel lay measured with calibre.

The US examination was performed
with the patient seated in a comfortable
position in front of the sonographer,
with the forearm resting on the table
and the palm facing up in the neutral
position (8). The temperature of the
room was 20°C. The MN cross-sec-
tional area (MNA), the transverse (ma-
jor axis) (MNT) and anteroposterior
(minor axis) (MNAP) diameters were
measured, consistently with other stud-
ies on CTS (8, 14, 15), at the proximal
inlet of carpal tunnel in the transverse
plane between the scaphoid tubercle
and the pisiform bone. The margin of
the nerve was defined using a continu-
ous boundary trace outside the hyp-
oechoic nerve fascicles and inside the
hyperechoic nerve sheath (16) (Fig.
1). The flattening ratio (FR) was de-
fined as the ratio of the nerve’s major
to minor axis (MNFR). We used the
cut off proposed for idiopathic CTS by
Duncan for MNA >9mm? and MNFR
>3.3 (8) and, more recently, by Naranjo
for MNA >12mm? (10). The presence
of radio carpal effusion (shown by dor-
sal US evaluation of wrist) and fingers
flexor tenosynovitis was noted.
Inter-observer reliability was established
in all US independent and consecutive
MN measures of patients and controls
made by two sonographers (FB. and
OK.) unaware of previous examina-
tions. For assessing the intra-observer
variability, all patients and controls were
examined twice by the first observer.

Fig. 1. MN: Median nerve increased area (15mm?) of a limited SSc patient (oedematosus skin) asymp-
tomatic for CTS (with EMG positive for mild CTS), without changes of the anatomical structures:
(1) flexor retinaculum, (SC and PIS) scaphoid and pisiform bone, (FT) superficial and deep flexor
fingers.

Clinical evaluation

Clinical examination (modified Rodnan
skin score -mRSS- (17), friction flexor
tendon rub) and features (duration of
disease, clinical subset-limited and dif-
fuse-, phase of skin involvement-oede-
matous, fibrotic and atrophic-) of SSc
patients were recorded by two rheuma-
tologists unaware of US results (MLC,
IM).

Statistical analysis

MN US parameters differences between
SSc and healthy controls were calculat-
ed with the Mann-Whitney U-test.
Correlation with clinical variables was
estimated by Pearson’s parametric and
Spearman non-parametric correlation
coefficient. P-values less than 0.05
were considered significant.

The inter- and intra-observer variabil-
ity was measured using the intra-class
correlation coefficient (ICC).

Results

Demographic and clinical aspects of
SSc patients and controls are summa-
rised in Table I.

The ICC intra and inter-observer vari-
ability were respectively 0.99 (interval
of confidence 0.98-0.99) and 0.92 (in-
terval of confidence 0.86-0.95) for all
measures.

MNA, MNT and MNFR were sig-
nificantly higher in SSc than controls
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(Table II), while MNAP values were
similar. NMA and NMFR were high-
er than Duncan cut off respectively
in 43/64 (67%) and in 36/64 patients
(56.4%); NMA was higher than the
Naranjo cut-off in 27/64 (42.2%) sub-
jects.

No radio carpal effusion and fingers
flexor tenosynovitis were noted.

Clinical features

Only MNAP inversely correlated with
SSc duration of disease (p<0.05, cor-
relation not parametric Spearman coef-
ficient -0.2). No significant difference
in US values between subsets or phase
of skin involvement and no correlation
with mRSS were detected. Only 4/64
(6.2%) patients were friction rubs posi-
tive, without difference with negative.

Discussion

In our study, all MN SSc measures are
higher than controls in all phases of
disease independently of duration of
SSc, mRSS, subset (limited, diffuse)
and phase of skin involvement (oede-
matous, atrophic, fibrotic). These data
clearly show that in SSc patients, the
MN involvement at carpal tunnel is
more remarkable than previously esti-
mated (18-19), according to Lori that
focused a distal mono-neuropathy of
MN in 43.7% of asymptomatic SSc pa-
tients (6).
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Table I. Demographic and clinical features of SSc patients and controls.

SSc

Controls

Sex (female/male) 55/9

BMI (%)

Age (years)

Duration of disease (years)

Subset (limited/diffuse) 54/10
Phase of skin involvement 18/26/20

(oedematous-fibrotic-atrophic)
mRSS (%)

Friction tendon rubs 4(6.2%)

23+3 (min 17; max 25)
57+14 (min 21; max 78)
6.9+6 (min 1 max. 32) -

26/4
2243 (min 18; max 24)
53+12 (min 30; max 83)

8+7 (min 1 max 28) -

“BMI: body mass index; **mRSS: modified skin score.

Table II. US values of MNA, MNAP, MNT, MNFR in SSc and in healthy controls.

Mean Min Max SD Mean Min  Max SD  p-value
MNA  SSc 11.1 5. 20 3.6 Healthy 82 2 10 16 <0.005
MNAP 202 107 32 1.6 19 14 2.7 03 ns.
MNT 6.8 3.6 11.5 1.8 52 4.1 64 0.6 <0.001
MNFR 34 1.6 4.7 0.85 2.7 1.7 3 0.6 <0.005

p-values are expressed as p<0.005, p<0.001; n.s. = not significant).

In disagreement to previous issues that
ascribed tendon friction rub to fibri-
nous tenosynovitis (20), US did not
show abnormalities in flexor tendons in
the patients examined, but probably a
higher number of subjects with friction
rub might be specifically studied in the
future, to interpret correctly these data.
For the absence of flexor tenosynovitis
and radio-carpal synovitis and the low
prevalence of friction rub, we may con-
sider the hypothesis, formulated also in
previous studies (6, 21), that in these
SSc patients, CTS is not a consequence
of compression mechanisms and may
be raised by ischemia of vasa nervo-
rum, following the vasospasm (3).
Blunt showed anatomically that MN
epineural, inter- and intrafascicular
plexuses communicate among a com-
plex “free vascular network™ and that
the deeper lying perifascicular plexus is
particularly rich of capillars (3), which
are the prominent sites of vascular ab-
normalities in SSc (22). Furthermore,
nutrient neural vessels derived from ul-
nar, common interosseous and anterior
interosseous arteries (and inconstantly
from radial artery) (3) may also be in-
volved in the disease (22).

Vasodilator treatment, probably washed

out before evaluation with the same
method of other studies (6, 21), might
have had a protective role on clinical
presentation (numbness and muscular
atrophy) of CTS in these patients.
Early morphologic changes of MN in
SSc resulted in an increasing of area,
probably due to axonal regeneration of
myelinated and not myelinated fibres
after ischemic damage, according to a
preceding study on STC in asympto-
matic diabetic patients (23).

Probably, only a histological investiga-
tion may clearly support this hypothe-
sis and Doppler US of ulnar and radial
arteries integrated with MN US evalua-
tion might also be useful in other future
studies.

Conclusions
In conclusion, CTS is a frequent sub-
clinical disease in SSc, present in all
phases and independent of clinical fea-
tures of disease, which may be diag-
nosed by US.
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