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INTRODUCTION: Systemic sclerosis is a relatively rare connective tissue disorder characterized by severe and
progressive fibrosis of the skin. Due to the current lack of available information on this subject, the aim of the
present study was to assess light touch sensations in the hands of patients with systemic sclerosis.

METHODS: We completed a cross-sectional comparative study. Light touch sensations were evaluated in 30
individuals, including 15 patients with systemic sclerosis who exhibited changes in the dermis of their hands
without loss of the distal phalanx and 15 subjects who did not exhibit changes in the upper limbs (control
group). The groups were age- and sex-matched. Tactile sensory evaluations were performed using the Semmes-
Weinstein monofilament test and the two-point discrimination test.

RESULTS: Statistically significant differences were found between groups in the monofilament test. The study
group had lower scores across all points of the hand when compared with the control group. Differences were
also found when dominant and non-dominant hands were compared (p,0.05). Statistically significant
differences were found between groups for a subset of the assessed points in the two-point discrimination test.

CONCLUSIONS: The results of a monofilament test showed that tactile sensation, specifically light touch and
deep pressure sensations, is altered in the hands of systemic sclerosis patients.
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& INTRODUCTION

Systemic sclerosis (SSc) is a chronic autoimmune disease
of unknown etiology characterized by excessive collagen
production, endothelial cell injury, microvascular oblitera-
tion, cutaneous fibrosis and progressive visceral disease (1).
In SSc patients, the dermis appears smooth, shiny and
firmly adhered to the deep layers of the skin; furthermore,
patients often present with dyschromia (2,3).
The hands are commonly affected in patients with SSc,

and Raynaud’s phenomenon, finger swelling and joint pain
are the primary manifestations of the disease (4,5). Vascular
impairment leads to pain in the fingers and ischemic ulcers.
At more advanced stages of the disease, the fingers may
become atrophic and stiff, with possible tissue loss (2,6).
Muscle weakness in the upper limbs and impaired dexterity
during activities requiring precise movements are common
complaints among individuals with SSc.

There are four classic types of tactile sensations, including
pain, heat, cold and pressure or vibration. The Semmes-
Weinstein monofilament test and the two-point discrimina-
tion test are often used to assess light touch sensations in the
hands (7-10). A light touch is perceived through receptors
on the surface layer of the skin, while firmer pressure is
perceived by receptors in the subcutaneous and deep layers
of the skin. Pressure sensibility is a protective sensation that
prevents exposure to deep pressure or repetitive light
pressure that can result in injury to the skin. Light touch
sensibility is a necessary component for the discrimination
of fine touch (11).
The monofilament test is a threshold assay used to

determine the minimum stimulation that can be felt by a
subject. This test is also known as light touch/deep pressure
testing (11). The two-point discrimination test is a functional
test used to assess the quality of tactile sensibility. It is also
regarded as an integrative test because it requires a high
degree of sensory processing. A number of perceptive
resources are needed to identify the type of stimulus being
presented during the two-point discrimination test. For
example, the subject may be instructed to identify an object
by handling it while blindfolded (11).
Bajocchi (12) evaluated a group of SSc patients using the

cold face test, which involves the activation of cutaneous
nociceptive sensory fibers. The results of this test were
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abnormal in almost all patients, suggesting that epidermal
small fibers (C-fibers) may be deficient in SSc. C-fibers
control the neurovascular dilatory response, which is
involved in cold nociception and itching sensations.

Considering the various skin problems in SSc patients and
the lack of research on this subject, the aim of the present
study was to assess light touch sensations in individuals
with SSc using the Semmes-Weinstein monofilament test
and the two-point discrimination test.

& PATIENTS AND METHODS

A cross-sectional study was performed to assess tactile
sensation in 30 individuals in two groups: SSc group (SScG;
n = 15) and a control group (CG; n = 15). The criteria for
inclusion in the SScG were a positive SSc diagnosis and
alterations in the dermis of the hands. Patients were
excluded if they had lost the distal phalanx or had never
received rehabilitation for sensory retraining. The CG
comprised healthy subjects; individuals with upper limb
abnormalities or diabetes were excluded from this group.
Both groups were matched for sex and age. The subjects in
the SScG were sequentially recruited from an outpatient
clinic at the Federal University of São Paulo (Brazil). The
volunteers in the CG were recruited from the same location
and included individuals who were university employees,
individuals from the community or individuals who had
accompanied the SSc patients.

All subjects completed the Semmes-Weinstein monofila-
ment test (Sorri, Bauru, Brazil) and the two-point discrimi-
nation test (DellonH Discriminator; North Coast Medical
Inc., Gilroy/CA, USA). These tests were administered using
standard testing procedures.

The monofilament test involves five monofilaments that
are scored in terms of milligrams (mg) [green (0.05 mg),
blue (0.2 mg), violet (2.0 mg), dark red (4.0 mg) and
magenta (300 mg)], beginning with a baseline value of
0.05 mg, which indicates a ‘‘normal sensation’’. Table 1
displays the test results and respective interpretations. The
monofilament was applied to the fingertip of the subject at
least three times. The smallest monofilament that was felt by
the subjects (as indicated by a ‘‘yes’’ response and a correct
identification of the finger that was being touched) was used
to generate the test score. The stimulation site was based on
the innervation territories of the radial, ulnar and median
nerves. The distal points of the thumb, index, middle, ring
and little finger as well as the first space between the thumb
and index finger on the dorsum of the hand were tested on
both hands.

For the two-point discrimination test, the subjects were
instructed to say ‘‘one’’ if they felt the sensation at a single
point and ‘‘two’’ if they felt the sensation at two points
separated by a small distance. The distance between the two

points was measured in millimeters and the device was
placed at intervals ranging from 2 to 12 mm. Table 2
displays the two-point discrimination test results and
respective interpretations. One-point and two-point stimu-
lations were alternated randomly. The smallest distance
between two separate points in which a correct response
was given for a total of three consecutive stimulations was
used. The stimulation was applied to the sides (radial and
ulnar) of the tips of all fingers, with perpendicular and
longitudinal orientations and light pressure applied in a
random sequence.
Before the execution of the tests, a demonstration was

given on how the tests would be administered. During the
tests, a screen was placed between the individual and the
examiner so that the hand being submitted to the test was
outside the subject’s field of vision. All tests were
administered to both hands in a quiet, appropriate setting
by an occupational therapist with experience using the
methods applied.

Statistical analysis
Based on the variables studied, data from the two groups

were analyzed and compared using non-parametric tests.
The Mann-Whitney U test was used and a p-value,0.05 was
considered statistically significant. The analysis was per-
formed using the SPSS 15 program (IBM Corporation,
Armonk, NY, USA). The results of the monofilament and
two-point discrimination tests were expressed as median
values in mg and mm, respectively, with the corresponding
25-75% interquartile intervals.

& RESULTS

The groups were similar in age, sex and dominant hand.
The mean age was 48.86¡11.11 years in the SScG and
45.93¡8.79 years in the CG. Each group included two men
and 13 women. All individuals in both groups were right-
handed. Individuals in the SScG had a mean duration of 8.4
years since the original diagnosis of the disease.
The SScG had significantly lower scores across all points

analyzed in the monofilament test when compared with the
CG (Table 3). None of the subjects received a score of zero.
An intra-group comparison of the right and left hands
during the monofilament test revealed that the right hand of
subjects from the SScG achieved a significantly lower score
on all points tested when compared with the left hand. No
statistically significant differences were found in the CG
(Table 4).
The SScG showed a significant reduction in sensibility in

a subset of the points assessed during the two-point
discrimination test when compared with the CG (Table 5).
The intra-group comparisons revealed no statistically
significant differences between the right and left hands.

Table 1 - Monofilament test results and interpretations.

Monofilament Interpretation

Green: 0.05 mg No alteration (normal sensibility in the hand)

Blue: 0.2 mg Reduced sensibility in the hand, with difficulty in fine discrimination

Violet: 2.0 mg Reduced protective sensibility of the hand, with enough sensibility remaining to prevent injury;

difficulty in discriminating between shapes and temperatures

Dark red: 4.0 mg Loss of protective sensation in hand; vulnerable to injury; loss of hot/cold sensation

Magenta: 300.0 mg Sensibility to pressure, able to feel pain

None: (.......) Loss of sensibility to deep pressure; normally unable to feel pain
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& DISCUSSION

SSc often affects the hands. In the present study,
alterations in light touch sensations were analyzed. The
monofilament test demonstrated statistically and clinically
significant deficits in sensation in the SScG, as shown by the
diminished ability to discriminate fine, light touch sensa-
tions. In contrast, the scores in the CG were 0.05 mg for
nearly all points tested, which is regarded as normal
sensibility for touch and pressure. When the right and left
hands were compared, significant differences were found in
the SScG, with the dominant hand generating higher scores
for all points. This finding demonstrates that a decrease in
light touch sensations and discrimination of fine sensations
may impair performance during certain activities. These
deficits are important problems that should be investigated
in future studies.
In the two-point discrimination test, the SScG showed

higher scores for the ‘‘ulnar middle’’ and ‘‘little radial’’ tests
on the right hand and for the ‘‘thumb radial’’, ‘‘ulnar
thumb’’, ‘‘ulnar middle’’, ‘‘ring ulnar’’ and ‘‘ulnar little’’
tests on the left hand when compared with the CG. These
differences reached significance for the ‘‘ulnar middle’’ and
‘‘little radial’’ on the right hand and for the ‘‘thumb radial’’
and ‘‘ulnar little’’ test on the left hand. For these points, a
mean score of 6 mm was achieved in the SScG, which
denotes fair sensitivity. In contrast, the CG exhibited normal
sensitivity. The mean score for the other test points was
4 mm in the SSCG and 2 mm in the CG group; however, this
statistically significant difference is not clinically significant
because both groups were within the normal range. No
statistically significant differences were found between the
left and right hands in either group.

The findings of the present study demonstrate the
importance of assessing tactile sensation in SSc patients
because diminished sensation may increase the risk of skin
injury and trauma. A single previously published study
addressed the tactile sensation in SSc patients; however,
these authors only discussed possible sensation impair-
ments and light touch sensations were not evaluated (13).
Instead, the authors of this study assessed the dysfunction
of peripheral innervation in SSc patients and found
alterations in tactile sensations that were likely due to
changes in viscoelasticity and other properties of the skin
caused by ischemia of the distal nerves.
A study that evaluated peripheral neuropathy in both feet

using the monofilament test in conjunction with a vibration
test compared SSc patients, healthy controls and patients
with type 2 diabetes mellitus. The prevalence of sensory loss

Table 3 - Results of the monofilament test for each point
tested on the right and left hand of control and systemic
sclerosis subjects.

CG SScG p

Thumb 0.05 (0.05 – 0.05) 2 (0.2 – 2.0) ,0.001*

Index 0.05 (0.05 – 0.05) 0.2 (0.2 – 2.0) ,0.001*

Right Middle 0.05 (0.05 – 0.05) 2 (0.2 – 2.0) ,0.001*

hand Ring 0.05 (0.05 – 0.05) 0.2 (0.2 – 2.0) ,0.001*

Little 0.05 (0.05 – 0.05) 0.2 (0.2 – 2.0) ,0.001*

Dorsum 0.2 (0.05 – 2.0) 2 (0.2 – 2.0) = 0.001*

Thumb 0.05 (0.05 – 0.05) 0.2 (0.05 – 2.0) ,0.001*

Index 0.05 (0.05 – 0.05) 0.2 (0.05 – 2.0) ,0.001*

Left Middle 0.05 (0.05 – 0.05) 0.2 (0.05 – 2.0) ,0.001*

hand Ring 0.05 (0.05 – 0.05) 0.2 (0.05 – 2.0) 0.011*

Little 0.05 (0.05 – 0.05) 0.2 (0.05 – 2.0) 0.004*

Dorsum 0.2 (0.5 – 2.0) 0.2 (0.2 – 2.0) 0.002*

Median (IQ 25-75%) values expressed as mg; SScG = systemic sclerosis

group; CG = control group; * statistically significant difference between

groups (p,0.05, Mann-Whitney U test).

Table 4 - Intra-group comparison of the monofilament
test results for the dominant and non-dominant hands of
the control and systemic sclerosis groups.

Right hand Left hand p

Thumb 0.05 (0.05 – 0.05) 0.05 (0.05 – 0.05) 0.317

Index 0.05 (0.05 – 0.05) 0.05 (0.05 – 0.05) 0.317

CG Middle 0.05 (0.05 – 0.05) 0.05 (0.05 – 0.05) 0.157

Ring 0.05 (0.05 – 0.05) 0.05 (0.05 – 0.05) 0.157

Little 0.05 (0.05 – 0.05) 0.05 (0.05 – 0.05) 0.157

Dorsum 0.2 (0.05 – 2.0) 0.2 (0.5 – 2.0) 0.336

Thumb 2 (0.2 – 2.0) 0.2 (0.05 – 2.0) 0.011*

Index 0.2 (0.2 – 2.0) 0.2 (0.05 – 2.0) 0.039*

SScG Middle 2 (0.2 – 2.0) 0.2 (0.05 – 2.0) 0.014*

Ring 0.2 (0.2 – 2.0) 0.2 (0.05 – 2.0) 0.017*

Little 0.2 (0.2 – 2.0) 0.2 (0.05 – 2.0) 0.007*

Dorsum 2 (0.2 – 2.0) 0.2 (0.2 – 2.0) 0.034*

Median (IQ 25-75%) values expressed as mg; SScG = systemic sclerosis

group; CG = control group; * statistically significant difference between

the right and left hand (p,0.05, Mann-Whitney U test).

Table 5 - Comparison of points tested on right and left
hands in the two-point discrimination test for the control
and systemic sclerosis groups.

CG SScG p

radial thumb 4 (4.0 – 4.0) 4 (4.0 – 6.0) 0.310

ulnar thumb 4 (4.0 – 4.0) 4 (4.0 – 6.0) 0.331

radial index 4 (4.0 – 4.0) 4 (4.0 – 6.0) 0.539

ulnar index 4 (4.0 – 4.0) 4 (4.0 – 6.0) 0.217

Right radial middle 4 (4.0 – 4.0) 4 (4.0 – 6.0) 0.367

hand ulnar middle 4 (4.0 – 4.0) 6 (4.0 – 6.0) 0.004*

radial ring 4 (4.0 – 4.0) 4 (4.0 – 6.0) 0.061

ulnar ring 4 (4.0 – 4.0) 4 (4.0 – 6.0) 0.061

radial little 4 (4.0 – 4.0) 6 (4.0 – 6.0) 0.029*

ulnar little 4 (4.0 – 4.0) 4 (4.0 – 6.0) 0.126

radial thumb 4 (4.0 – 4.0) 6 (4.0 – 6.0) 0.004*

ulnar thumb 4 (4.0 – 4.0) 4 (4.0 – 6.0) 0.029*

radial index 4 (4.0 – 4.0) 4 (4.0 – 6.0) 0.217

ulnar index 4 (4.0 – 4.0) 4 (4.0 – 6.0) 0.126

Left radial middle 4 (4.0 – 4.0) 4 (4.0 – 4.0) 0.367

hand ulnar middle 4 (4.0 – 4.0) 4 (4.0 – 6.0) 0.029*

radial ring 4 (4.0 – 4.0) 4 (4.0 – 6.0) 0.217

ulnar ring 4 (4.0 – 4.0) 4 (4.0 – 6.0) 0.029*

radial little 4 (4.0 – 4.0) 4 (4.0 – 6.0) 0.126

ulnar little 4 (4.0 – 4.0) 6 (4.0 – 6.0) 0.029*

Median (IQ 25-75%) values expressed as mm; SScG = systemic sclerosis

group; CG = control group; * statistically significant difference between

groups (p,0.05, Mann-Whitney U test).

Table 2 - Two-point discrimination test results and
interpretations.

Measurement Interpretation

2 mm to 5 mm Normal

6 mm to 10 mm Fair

11 mm to 15 mm Poor

One point of perception Protective

No point perceived Anesthesia
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(as determined with a monofilament test) among indivi-
duals with SSc was identical to that among diabetic patients
(4/20 patients). Individuals with SSc had a considerable
prevalence of pedal peripheral neuropathy that was
determined by the loss of vibratory sensation and an
inability to feel the monofilaments. The authors concluded
that further studies were necessary to determine whether
routine screening for neuropathy and subsequent podiatric
care could reduce complications in the feet for SSc patients
(14). Similarly, Bérezné et al. found that SSc has a significant
impact on daily living and work activities because the need
for assistance outside the home and disability resources was
increased among patients with digital ulcers (15).

The limitations of the present study included the small
sample size and a lack of evaluation of other clinical aspects
of the disease, such as disease activity, sclerodactylia,
autoantibodies, organ involvement and other factors asso-
ciated with sensation.

The present study revealed that tactile sensation, parti-
cularly light touch and deep pressure sensations, is altered
in the hands of SSc patients as assessed with a monofila-
ment test. Thus, the investigation of tactile sensations in SSc
patients is important for tracking the progression of the
disease and because sensation impairment is a risk factor for
skin injuries. Our findings suggest that the monofilament
test should be performed during routine clinical evaluations
of SSc patients. Considering the paucity of studies on this
subject, future work should be carried out to evaluate the
clinical impact of the loss of hand sensitivity and the effect
of interventions, such as formal counseling regarding
protection of the hands in SSc patients. These types of
evaluations are very important for the rehabilitation and
quality of life of SSc patients; in addition, possible hand
injuries due to diminished light touch sensations can be
avoided.
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