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Abstract 

Objective 

Digital ulcers (DUs) are a major problem in patients with systemic sclerosis (SSc), 

causing  severe pain, and impairment of hand function. In addition, DUs heal slowly 

and sometimes become infected, which can lead to gangrene and necessitate 

amputation, without appropriate intervention. A reliable, objective method for 

assessing DU healing or progression is needed in both clinical and research arenas. 

The objectives were: (1) to compare two digital planimetry methods of DU area 

measurement (ellipse and free hand region-of-interest [ROI]) applied to photographs 

of DUs, and (2) to assess reliability of photographic calibration and the two area 

measurement methods. 

Methods 

107 DUs from 36 patients with SSc-spectrum disease were photographed. Three 

raters assessed the photographs. Custom software allowed raters to calibrate 

photograph dimensions, and draw ellipse/free-hand ROIs. Shapes/dimensions for 

ROIs were saved for further analysis. 

Results 

Calibration (single rater, 5 repeats/image) produced an intra-class correlation co-

efficient (intra-rater reliability) of 0.99. Mean (SD) areas of DUs assessed using 

ellipse and free-hand ROIs were 18.7 (20.2) mm2 and 17.6 (19.3) mm2, respectively. 

Intra- and inter-rater reliability of the ellipse ROI was 0.97 and 0.77, respectively. For 

the free hand ROI, the intra- and inter-rater reliability was 0.98 and 0.76. 

Conclusion 
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This study shows digital planimetry methods applied to SSc-related DUs can be 

extremely reliable. Further work is now needed to move towards applying these as 

outcome measures for clinical trials, and in clinical settings. 
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Significance and Innovations 

• SSc-related digital lesions are often used as end points in clinical trials – 

outcome measures that can objectively quantify these lesions are badly 

needed. 

• Digital planimetry has been used to make reliable, objective measurements 

on photographs of SSc-related digital lesions for the first time. 

• Digital planimetry requires no specialist imaging equipment beyond a digital 

camera, and provides a simple method of quantifying and monitoring SSc-

related digital lesions. 

• SSc-related digital lesions can be reliably measured with software using both 

ellipse and free-hand-drawn shaped regions of interest. 
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Introduction 

Systemic sclerosis (SSc) is a complex connective tissue disorder characterised by 

widespread tissue fibrosis, activation of the immune system and ischaemia. Although 

SSc is a clinically heterogeneous disorder, almost all patients have skin involvement 

(scleroderma) [1]. Patients with SSc can also develop a spectrum of digital 

ischaemic lesions, including digital ulcers (DUs) and digital pitting scars (2). Up to 

50% of patients with SSc report a history of DUs [3,4], and approximately 10% have 

DUs at any given moment [5]. DUs tend to occur at the tips or extensor aspects of 

fingers, are often extremely painful, and have a negative impact on hand function 

[2,5]. Patients with SSc-related DUs are likely to have increased anxiety levels and 

disability than those without [6]. Furthermore, DUs commonly become infected and 

may progress to osteomyelitis, gangrene and septicaemia without appropriate 

intervention [7]. A clear record of DU status (e.g. healing and progression) is 

essential in managing DUs effectively, to help clinicians to decide whether or not 

patients with DUs are benefitting from treatment pathways, thus optimising resources 

[8,9]. The need for a reliable, objective method for recording DU healing and 

progression is also highly pertinent in research, where DUs are often used as the 

primary end point in SSc clinical trials [10,11].   

There are currently no national guidelines or standardised methods for recording and 

assessing DUs in the clinical environment. Additionally, there is no ‘gold standard’ for 

measuring either DU or wound area in research: commonly used methods for 

tracking SSc-related DUs include measuring the widest diameter or modelling the 

DU as an ellipse [10,12]. Currently, most clinical trials do not measure DUs, instead 

subjectively assessing and then counting the number of new and healed DUs. Inter-

rater reliability for defining DUs is fair to moderate at best (inter-rater kappa = 0.46-
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0.53) [12,13], possibly reflecting the subjectivity of the assessments used. One 

possible objective option is planimetry – the preferred technique in other wound 

healing studies. This involves tracing the wound outline onto an overlayed 

transparent acetate film. The wound area can then (manually or digitally) be derived 

from the film [14,15]. Planimetry is, however, relatively time-consuming and can be 

difficult on small or awkwardly-placed wounds. For these reasons it has been little 

used in the tracking of DU healing. Alternatively, there have been numerous studies 

which have shown that photographic techniques for measuring wound area are 

reliable/precise when compared to planimetry [14,16].   

Photographic tracking of DUs is a possible objective assessment method of SSc-

related DU status. The main aim of this study was to define and test a protocol for 

measuring dimensions of digital lesions/DUs in photographs. Specific objectives 

were firstly to compare two software-based methods for measuring DU surface area 

in photographs ((1) fitting an ellipse shape to the ulcer boundary, and (2) free-hand 

drawing round the DU border) and secondly to assess intra-/inter-rater reliability of 

each of these two methods, and reliability of photgraphic calibration. 

Methods and Materials 

Participants 

Photographs of 107 finger lesions were collected from two ongoing SSc-related DU 

studies (one of which is reported in [17]). All ‘finger lesions’ were accepted into the 

study. All patients (n=36) provided signed, informed consent. Patients were 78% 

female (n=28), had a median age (range) of 56 (21-89) years, and had a median 

disease duration (range) of 10 (1-57) years. Nineteen patients (53%) had the limited 

cutaneous subtype of SSc, and 16 (44%) diffuse cutaneous. One patient had an 
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‘SSc-spectrum disorder’ and no clear disease date of first non-RP feature. Some 

patients and/or lesions were photographed more than once: three patients were 

photographed twice, one patient was photographed three times, while 4 lesions were 

imaged on two or more occasions. Images were collected over the course of a 6 

month period. Patients who had lesions imaged more than once had 1-2 weeks 

between any 2 images. 

Photograph Acquisition 

All photographs were taken by a trained medical photographer with a 105mm micro 

lens using either a Nikon D300 or D700 camera (magnifications of 1:3 or 1:2 for the 

two cameras respectively). Consistent illumination was ensured using two subject 

lights and two rear lights with reflectors used at the photographer’s discretion. A 1cm 

adhesive calibration scale was placed in each photograph (see Figure 1A). A 

standard grey reference card was photographed immediately prior to the clinical 

photograph to allow white balancing of the collected images. The original 2:3 image 

ratio was kept after in-camera cropping and the final image was uploaded as a jpeg 

to a secure server. 

DU software measurement  

All images were analysed through a custom software interface written in MATLAB 

(MATLAB and Statistics Toolbox Release 2012a, The MathWorks Inc., Natick, 

Massachusetts). The software methods used are simple and could therefore be re-

implemented locally by any interested party. DU photographs were loaded in batches 

of ten and the following steps were followed for each image: 

1. The images were calibrated by measuring the distance in pixels along the 

1 cm calibration scale, and then using this value to calculate the pixel size for 

Page 9 of 18

John Wiley & Sons, Inc.

Arthritis Care & Research

This article is protected by copyright. All rights reserved.



9 

 

the whole image (Figure 1A). The mean of five repetitions of this process on 

each image was taken to reduce the possibility of error.  

2. An ellipse-shaped region of interest (ROI) was overlaid onto the image and 

positioned and scaled to best encompass the DU boundary. 

3. A free hand ROI was drawn using the mouse as input.  

For each image, the calibration values and the areas/dimensions generated were 

saved for further statistical analysis. Furthermore, the ROI shapes were also saved 

to allow investigation of the overlap and correlation between their respective areas. 

Defining lesion area 

The digital lesion boundary was defined as the clear interface between the lesion 

and the peri-lesion area. Where uncertainty existed due to multiple, concentric 

boundaries being visible; the centre-most of these was used. Areas of erythema or 

blanching were not included since these are usually considered to be part of the peri-

lesion. Where more than one DU was visible in an image the largest contiguous 

lesion was chosen. 

Ellipse ROI drawing and placement 

The ellipse ROIs were placed by the assessor defining the end points of the longest 

diameter across the DU, thus defining the long axis of the ellipse. The perpendicular, 

short axis was then adjusted using a sliding software control until the best fit of the 

ellipse to the DU was achieved (Figure 1B).  
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Free hand ROI drawing and placement 

A free hand ROI was created by clicking and dragging the cursor around the lesion 

boundary (Figure 1C). The ROI area was calculated as the number of pixels 

contained within the boundary.  

Reliability testing and statistical analysis 

Three assessors analysed the images independently. The first assessor repeated 

the process five times in all (for intra-rater reliability), producing a total of 535 ellipse 

and 535 free hand area measurements on the 107 images. The other two assessors 

performed the analysis once, producing 107 ellipse and 107 free hand area 

measurements each. Inter-rater reliability was investigated by comparing the mean 

of the first assessor’s measurements with those taken by the other two assessors. 

The 535 ellipse and 535 free hand areas measured by the first assessor were used 

to investigate the agreement between the two area measures. Additionally, the 

ellipse/free hand ROIs were compared for each image to give a percentage overlap, 

i.e. the area which the ellipse and free hand shape have in common (Figure 1D). 

Intra and inter-rater reliability for all measures was assessed using the intraclass 

correlation (ICC). Agreement between ellipse area and free hand area was analysed 

using a Bland-Altman plot. 

All ICCs were calculated using SPSS software (IBM SPSS Statistics for Windows, 

Version 22.0, IBM Corp), all other statistical analyses were performed in GraphPad 

Prism (version 6.04 for Windows, GraphPad Software) and Stata (Release 13, 

StataCorp.).   
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Results 

Calibration 

The ICC for the five calibration measurements per image was 0.99 (95% confidence 

interval [CI] 0.99 to 1.00), showing excellent intra-rater reliability in calibration 

measurements. 

Reliability of ellipse and free hand ROIs 

Intra-rater reliability estimates (95% CI) for ellipse and free hand ROIs were 0.97 

(0.96 to 0.98) and 0.98 (0.97 to 0.98), respectively. Similarly, inter-rater reliability 

estimates (95% CI) for ellipse and free hand ROIs were 0.77 (0.70 to 0.83) and 0.76 

(0.69 to 0.82), respectively. One lesion image was excluded due to the inability of the 

observers to define a clear border (the image was a necrotic area involving the 

whole finger tip). 

 Absolute measurements and ROI agreement 

The mean (SD) ellipse ROI area taken using all assessors' observations was 18.7 

(20.2) mm2. In a similar way, the mean (SD) free hand ROI area was 17.6 (19.3) 

mm2. Figure 2 shows the Bland Altman plot comparing ellipse and free hand areas; 

data plotted are the exponentiated differences (ellipse minus free hand area) in  log-

transformed means of the two techniques calculated using the five measurements 

taken by the first assessor, plotted against the paired averages of the means. This 

plot describes a slight bias with an ellipse:free hand area ratio of 1.11 (i.e. ellipse 

areas are, on average, approximately 11% larger than free hand areas). However, 

the agreement between both area measures (first assessor, 5 measurements) as 

assessed by ICC (95% CI) was high: 0.98 (0.97 to 0.99). 
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4. Discussion 

We have demonstrated a method of digital planimetry for assessing photographs of 

SSc-related digital lesions. We have shown appropriate calibration of images using 

length scales within the image, and custom computer software, can allow 

assessment of lesion area within these photographs. To our knowledge this is the 

first study to test the intra- and inter-rater agreement using a software-based 

approach of two methods (ellipse and free hand) for measuring ‘finger lesion’ area. 

The intra- and inter-rater agreement for these methods was very high for both the 

ellipse (0.97 and 0.77 respectively) and free hand (0.98 and 0.76 respectively) 

measurements. Manual ellipse area measurements (using digital callipers) have 

previously been assessed by Baron et al as part of an attempt to develop consensus 

agreement on the definition of DUs in SSc [12]. These investigators reported only 

moderate intra-rater (0.57) and inter-rater (0.48) reliability for their method, which 

suggests there is a potential benefit of using a software-based approach.  

We found a very high agreement (ICC of 0.98) when comparing ellipse and free 

hand areas, suggesting that the two estimation methods can be used 

interchangeably. The ellipse area measurements are slightly larger (+11%) than the 

free hand, probably a result of fitting the ellipse to the largest lesion dimension and 

its orthogonal component resulting in a shape whose boundaries tend to partially lie 

outside the border of the lesion, although there are can sometimes be portions of the 

free hand ROI which lie outside of the ellipse. The good area size agreement 

between the two ROI types is likely explained by these effects mostly cancelling 

each other out (Figure 1D). The limits of agreement from the Bland Altman plot 

(Figure 2) suggest that we can expect ellipse ROIs to be between 14% smaller and 

44% larger than free hand ROIs. 
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It is possible that the two ROI methods have good agreement in part due to the fairly 

regular shapes (circular/oval/ellipsoidal) presented by typical digital lesions in 

patients with SSc, allowing the ellipse ROI to perform similarly to the free-hand ROI. 

If generalising this digital planimetry technique to other, less regularly-shaped wound 

types it will be necessary to test both ROI types to confirm, or otherwise, continuing 

interchangeability. It should be noted that measurement using either of the two ROI 

types takes a similar amount of time (approx. 10 seconds per lesion), and that there 

are no other differences between them regarding implementation or use. 

In conclusion, these two digital planimetry methods for SSc-related digital lesions 

should now be compared against other commonly-used measurement methods 

(callipers and traditional planimetry), against other novel imaging techniques for 

quantifying digital lesions, such as laser speckle contrast analysis (LASCA) [18], and 

against subjective assessments of DU status, to validate their further use. There is 

scope for these methods to incorporate machine learning, where features in images 

are automatically detected and measured using a computer algorithm. Future studies 

should incorporate colour analysis of the bed of the DU and surface curvature of the 

body into lesion area calculations, as these are important components of the DU 

construct. We believe that the measurement method described here has high 

applicability, with potential for use in both a research setting, and within clinical care. 
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Figure 1. (A) Exemplar lesion photograph showing typical placement of the 

calibration scale. (B) Ellipse ROI fitted to the lesion in Fig. 1(A). (C) Free hand 

ROI fitted to the lesion in Fig. 1(A). (D) Overlap of ROI areas - dark green: 

common area to both ellipse and free hand ROIs; purple: area unique to ellipse 

ROI; light green: area unique to free hand ROI. 
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Figure 2. Bland Altman plot comparing ellipse and free hand ROI areas. Data 

were log-transformed, differences calculated, and then back-transformed 

before plotting. Data plotted are derived from the respective means of the five 

measurements taken by the first assessor only. The dashed line is the mean 

ellipse:free hand ratio (1.11), while dotted lines are the limits of agreement 

(lower: 0.86, upper 1.44). 
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