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ABSTRACT

Introduction: Systemic sclerosis (SSc) is a systemic disease characterised by abnormalities in small
blood vessels, skin and organ fibrosis. It is assessed using generalised skin thickening scores,
autoantibodies and nailfold cap- illaroscopy. Side Stream Dark Field imaging (SDF) is a non-invasive
imaging tool that assesses microcirculation. This study aims to investigate the potential of using SDF
as a diagnostic tool in SSc.

Method: Oral microcirculation of 20 patients with SSc was compared to 20 age and gender matched
controls us- ing SDF imaging. Sublingual, buccal and incisor regions of the mouth were examined. All
volunteers were female averaging 48.0 (24—64) years old. Vasculature was assessed by calculating
the De Backer score and Functional Capillary Density (FCD) on an imaging software.

Results: At all regions of the mouth, SSc patients had a significantly lower De Backer score compared
to con- trols (SSc 3.484 £ 0.1361/mm vs Control 5.184 + 0.1896/mm, unpaired t-test p< 0.0001). The
SSc patients showed significantly lower FCDs compared to controls at all areas as well (SSc 19.65 +
0.9445% vs Control 29.45 + 1.681%, unpaired t-test, p< 0.0001). The incisor regions had significantly
higher De Backer and FCD scores than buccal and sublingual regions in both control and SSc patients
(one way anova, p< 0.05). De Backer/ FCD scores showed significant correlation against Rodnan Skin
Scores in patients with SSc (Pearson correlation, p< 0.05).

Conclusions: SSc patients showed decreased oral vasculature compared to controls. SDF imaging has
shown the ability to be a useful diagnostic tool in the assessment of SSc.

Dear Editor,

Systemic sclerosis (SSc) is a rare multisystem autoimmune disease characterised by vasculopathies in
small blood vessels, autoantibod- ies and fibrosis of skin and organs. It mostly affects women
between 30 and 50 years of age (Walker et al., 2007). Its diagnosis can be aided by the 2013
ACR/EULAR classification criteria: clinical presentations (sclerodactyly, telangiectasia and skin
thickening), Raynaud phenome- non, SSc-related autoantibodies and abnormal nailfold capillaries
(van den Hoogen et al., 2013). Fibrosis around the mouth results in limited mouth opening in severe
cases of SSc. As microvascular dysfunction is regarded an initial pathological event, nailfold



capillaroscopy has been included in this classification criteria. In these images, cap- illary loops
appear dilated (damaged from inflammatory re

actions) and are lost as a result of progressive destruction (Ruaro et al., 2018). Sidestream Dark Field
(SDF) imaging is also a non-invasive imag- ing technique that has potential to quantify physiological
parameters such as capillary density in mucosal microcirculation.

In this preliminary study we aimed to ascertain the validity of SDF imaging as diagnostic or
prognostic markers in assessing SSc. Significant differences in oral capillary density between healthy
and SSc patients would lend support to this. Correlation with Rodnan skin scores that assesses
systemic skin thickening would also assess the validity of SDF imaging. We also aimed to explore the
vascular differences amongst specific sites of the oral mucosa.

In this study, SDF imaging was used to assess the oral microcirculation of 20 patients diagnosed with
SSc and compared to 20 age and sex matched controls (Table 1). Assessment was performed at the
sub- lingual, buccal and incisor regions. Volunteers were female of an average of 48.0 (24—64) years
old. Written informed consent was obtained from each volunteer after a thorough explanation of
the study.

Microscopy was performed on each volunteer with a portable video- capillary CapiScope (KK
Technology) to view the oral microvasculature. Green light emitting diodes (from the SDF camera) is
absorbed by haemoglobin in RBC. This allows RBC visualisation in contrast to the vascular
background. The SDF device was equipped with a sterile probe cap and was applied to incisor, buccal
and sublingual regions on both sides of the volunteer's mouth. 5-10 s videos were recorded at each
site. A tripod was used to minimise movement and pressure artefacts. Salivary secretions were
removed with gauze to obtain a clear image.

Using the CapiScope Image acquisition and analysis software, vessel density was assessed by
calculating the De Backer score and Functional Capillary Density (FCD) from the video sequences.
The De Backer score (n/mm2) was calculated by the number of intersections between the capillaries
and a grid of known dimension (De Backer et al., 2007) (Fig. 1). FCD is derived from the image
contrast and relies on movement in the vessels such as gaps and white cells in the video sequence.
Based on an appropriate threshold, FCD is calculated from the area of functional capillaries in a fixed
region of interest.

Statistical analysis was performed using Prism version 7.00. Un- paired t-tests were used to compare
differences in De Backer scores and FCDs of each site between healthy controls and SSc patients. A
one-way ANOVA was performed to evaluate any difference amongst the 3 cho- sen sites of oral
vasculature (incisor, buccal and sublingual). Correlation analysis was performed against the Rodnan
skin score obtained from pa- tient records. Statistical significance was set at p< 0.05 for all analyses.
The De Backer score of SSc patients was significantly lower com- pared to controls in all regions of
the mouth (SSc 3.484 + 0.1361/mm vs Control 5.184 + 0.1896/mm, unpaired t-test p< 0.0001) (Fig.
2). The FCD of SSc patients was significantly lower compared to controls at all areas (SSc 19.65 +
0.9445% vs Control 29.45 + 1.681%, unpaired t-test, p< 0.0001). The incisor showed significantly
higher De Backer and FCD scores than the buccal and sublingual regions in both control and SSc
patients (one-way anova, p< 0.05). There was significant cor- relation between De Backer Score/FCD
and Rodnan Skin Score in patients with SSc (Pearson correlation, p< 0.05).



This preliminary study reported SSc patients to have significantly de- creased oral microvasculature.
In SSc, microvascular damage precedes skin fibrosis and is a key initial marker of disease. The SDF
images obtained from this study is consistent with this pathophysiology. Correlation with the
established Rodnan Skin scores further strengthens the potential of SDF imaging as a diagnostic tool
in SSc. Correlation between nailfold capillaroscopic images and SDF imaging will be investigated in
the future.

In conclusion, SDF has been proven to be a valid tool in assessing SSc. There is potential for it to be
used in diagnosis and assessing treatment as a prognostic marker.
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Table 1

Clinical characteristics of the patients identified in the study.

Controls Study patients

Average age (years) 48 49

Sex (F:M) 20:.0 20:0
Diffuse scleroderma:limited scleroderma - 4:16
Clinical therapies - Mycophenolate Mofetil: 2 Prednisolone: 5

Methotrexate: 7
Hydroxychloroquine: 15

lloprost: 10



Fig. 1. SDF image of a healthy control's left incisor obtained from the CapiScope Image acquisition
and analysis software. The 20 intersection points on a fixed grid with known dimensions gives a De
Backer score of 20 + 4.579 mm = 4.368/mm.




Fig. 2. Comparison of De Backer scores between SSc patients and controls (N = 20). The SSc
patients had a significantly lower score than patients (p < 0.0001) indicating decreased
vasculature.
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