Simulated wound assessment using digital planimetry versus three-dimensional cameras:  Implications for clinical assessment
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ABSTRACT

Introduction

Clinical management of wounds can benefit from objective measures of response to treatment. Wound surface area and volume are objective measures of wound healing. Using a synthetic wound model we compare the accuracy and reproducibility of two commercially available three-dimensional (3D) cameras against planimetry and water displacement.

Methods

Twelve ulcers of various sizes and colours were reproduced in modelling clay and cured. 5 naive observers used digital planimetry, water displacement, Eykona camera (Fuel 3D, UK), and Silhouette camera (ARANZ, New Zealand) to measure the wounds.

Results

When compared to traditional planimetry, wound surface area measurement with Eykona and Silhouette tended to underestimate wounds by 1.7% and 3.7% respectively. Spearman correlation coefficients were 0.94 (Eykona) and 0.92 (Silhouette). Intra-class correlations for planimetry and the two cameras were all 1. 

Eykona and Silhouette tended to underestimate wound volumes when compared to water displacement by 58% and 23% respectively.  Spearman correlation coefficients were 0.92 (Eykona) and 0.72 (Silhouette). Intra-class correlations for water displacement and the two cameras were all 1. 

Discussion

Serial accurate objective area measurements are feasible as part of on-going clinical assessment of wounds. 3D cameras are reliable but have not shown superior accuracy to manual planimetry, and financial concerns and IT integration may limit general clinical usage. Volume measurements of wounds are practicable as part of clinical care.
1 Introduction

Leg ulcers are common, and are often associated with co-morbidities such as diabetes, peripheral vascular disorders, and long-term immobility. Chronic venous ulcers have a reported incidence of 1-1.5% in the adult population, and more than 3.6% of people over 65 years of age
 ADDIN EN.CITE 
[1-3]
. The estimated total treatment costs of venous ulcer are 1% of the total annual health care budget in western European countries[4]. Diabetes affects approximately 347 million people worldwide[5], and diabetic foot ulcers are estimated to occur in 15% of all patients with diabetes [6]. 
Formation of a skin ulcer can be a pivotal point in a disease process, signifying failures in multiple systems, such as nutrient transport, blood circulation, fluid handling, immunological response, and skin tissue integrity
 ADDIN EN.CITE 
[7-9]
. Leg ulcers significantly impact on patient quality of life due to factors such as pain, impaired mobility, poor sleep, depression, restricted work capacity, and social isolation[10].
Establishing whether an ulcer is static, increasing in size, or healing is an important part of ongoing management, in often complex patients 
 ADDIN EN.CITE 
[11]
. Patients are reviewed frequently, and medications, physical therapies, diet and footwear modifications are made. Non-healing or deteriorating ulcers can be referred for endovascular or surgical intervention if recognised in a timely fashion. 

The success of new techniques to promote wound healing is commonly evaluated using the parameter of ‘time to complete healing’ 
 ADDIN EN.CITE 
[12]
. However, this process takes, on average, between 3 to 5 months in diabetic foot ulcers, with some ulcers failing to completely heal at all 
 ADDIN EN.CITE 
[13, 14]
.  Wound healing is a multi-factorial process consisting of angiogenesis, deposition of extracellular matrix, contraction and epithelialisation[15]. Management strategies, especially those which are expected to provide small, nonlinear incremental benefits, require an objective and easily reproducible method of quantification.
A trend towards healing or non-healing can guide management plan decisions towards those most likely to succeed 
 ADDIN EN.CITE 
[11]
. Commonly in clinical practice measurements can be taken at appropriate intervals. Direct measurements of maximum height and width have been shown to overestimate ulcer surface area by approximately 40% [16]. Digital planimetry, where the wound is traced onto acetate, scanned into electronic form, and then measured using calibrated software, is common in the context of clinical trials
 ADDIN EN.CITE 
[17]
. 

Much research has focused on tracking wound surface area, but it is becoming increasingly apparent that wound volume is also important, as the latter picks up both rates of granulation and circumferential epithelialisation. An initial wound volume decrease is the first and most sensitive marker of wound healing, followed by a slower decrease in circumference and area
 ADDIN EN.CITE 
[18]
. It seems sensible therefore that when using changes in wound size to inform management, that volume changes be measured as a matter of importance. Previously volume measures have been attempted clinically by using mouldable capacitance wound fillers, such as putty or water
 ADDIN EN.CITE 
[19, 20]
. This was abandoned due to concerns regarding patient discomfort, risks of infection and cross-contamination, and lack of reproducibility. 3D cameras are now widely available for purchase, and two are licensed for clinical use in wound management.
The accuracy and reliability of these cameras will be tested using a simple wound model, comparing them to experimental values measured using planimetry and water displacement volumes. 
2 Method

Ulcer models were created using circular imprints into modelling clay (FimoTM, Germany). Four different colours were used to mimic different skin and ulcer colours – white, yellow, orange and brown. Three different types of lesion were simulated in each colour of modelling clay, one broad-based and flat to simulate a superficial wound, one punched out, and one smaller wound with sloping edges. The models were then baked in an oven until cured (figure 1). An intra-class correlation power analysis calculated that a sample size of 9 lesions with 5 observations each gave 90% power (alpha 0.05, beta 0.09). Therefore our sample of 12 should be sufficient to show significant differences between methods.
FIGURE 1 

2.1 Accepted standards of wound measurement
Digital planimetry for wound surface area was performed by tracing ulcer outlines onto a transparent 10x10cm planimetry grid (ConvaTec Inc, UK), scanned into an electronic image file, and analysed using open source software (ImageJ, NIH, USA), using grid calibration.

A water displacement measurement of wound volume was used. It was found that the formation of a meniscus was problematic for accurate measurement. Trials of surfactant found that the addition of a drop of detergent (Lemon Washing-up Liquid, Tesco, UK) removed surface tension enough to prevent this. Water was added drop-wise to the ulcer relief until completely filled, and just before overflow occurred. Water was removed using a metered 1ml syringe (Terumo Medical Group) for measurement.

2.2 3D camera systems
The Eykona camera (Fuel 3D, UK) is a 25x25x5cm portable unit that uses calibrated stickers within the visual field to allow wound measurement. The camera uses a summation of four photographs, coordinating these with 4 in-built light sources, which flash in quick succession to eliminate shadow artefact. Images are then analysed offline using software provided by the manufacturer.

The Silhouette camera (ARANZ, New Zealand) is a 10x10x10cm handheld device that uses a laser system for measurement purposes. The camera is held at a distance from the wound that allows an emitted configuration of laser lights to converge, ensuring correct focal length and calibration of measurement. Image data is analysed offline using manufacturer’s software. 

Both 3D cameras were used according to manufacturer instructions.

Camera measurements were performed by 5 naive observers, who had a ten minute training session to familiarise themselves with all the equipment. It was universally agreed that measurements would be taken from the inner lip of the ulcer as defined by each observer. Each measurement was performed 5 times by each of the different methods.
2.3 Data analysis

Data was collected in spread sheet form, and analysed using both Prism (Graphpad , version 6) and SPSS Statistics (IBM, version 21) for appropriate statistical tests, significance taken at p<0.05.
3 Results

The 5 observers were all healthy middle-aged health professionals, two of whom wore glasses for reading. None had any experience of measuring ulcer size or volume. 
3.1 Wound surface area

Eykona and Silhouette tended to underestimate surface wound area by mean 1.7% (standard deviation 12, confidence interval -22 to 25) and 3.7% (15, -25 to 32) respectively. Bland-Altman plots are shown in Figure 2. Intra-class correlations for planimetry and the two cameras were 0.999, 1, and 0.999 (p<0.001). Spearman correlation coefficients for Eykona and Silhouette compared to planimetry were 0.94 (p<0.001) and 0.92 (p<0.001). This is shown in Figure 3.

3.2 Wound volume

Comparison of water displacement to Eykona and Silhouette resulted in a bias (95% limits of agreement) of 58% (35, -9.9 - 126) and 23% (50, -75 – 120). Bland-Altman plots are shown in Figure 2. Intra-class correlations for water displacement and the two cameras were 0.996, 1, and 0.961. Spearman correlation coefficients for Eykona and Silhouette compared to planimetry were 0.92 (p<0.001) and 0.72 (p=0.01). This is shown in Figure 3.
FIGURE 2 
FIGURE 3 
3.3 Colour

One-way ANOVA analysis of modelling clay colour is shown in Table 1. There was no effect of clay colour on measurement of dimensions.
TABLE 1 
	
	Surface area
	Volume

	Eykona
	0.12
	0.65

	Silhouette
	0.95
	0.29


4 Discussion

The results shown in this study, for both measurement of surface area and volume, indicate good reliability (test-retest), and are concordant with other reported trials 
 ADDIN EN.CITE 
[21-23]
. The camera readings also correlate well with planimetry, but less well with water displacement. Concern must be expressed when both cameras overexpress wound volumes, amplified ulcers less than 0.5ml volume for the Eykona, and for ulcers greater than 1.5ml for Silhouette. An average underestimation of wound volume by more than 50% is of concern, but the clinical implications for this is uncertain. It may be that this renders the cameras unsuitable in certain populations – the Eykona may not be ideal for small deep neuropathic ulcers, whilst the silhouette may not be ideal for large venous ulcers. It has been postulated by one author that despite inaccuracies in wound volume measurement, if the same imaging system is used for serial measurements, and the under- or over-estimation is preserved in magnitude, this may still be an excellent way of monitoring healing progress. With no clinical data, the authors do not feel able to recommend one system over the other for specific wound types.
Previous trials evaluating digital planimetry found great difficulty standardising calibration, given the varying distances of the camera from the wound
 ADDIN EN.CITE 
[24-27]
,  which seem to have been solved using laser guided protocols or the use of calibration stickers[28]. The differences in error between the cameras may be due to their calibration methods, but as their hardware and software differ from each other this is not certain. 
It was postulated that optical methods of measurement such as the 3D cameras may be affected by the colour of material, as a surrogate for differing skin colours. The colour of simulated ulcer material was not shown to affect measurement accuracy in this study, although multiple colours and textures associated with healing tissue (e.g. granulation tissue or exudate) may further confound accuracy. 3D cameras may be suitable for use in all skin types, and this requires clinical validation.
Real ulcers, in comparison to simulated wounds, are more complex to measure, and therefore results must be interpreted in a clinical context with caution. Plassmann and Jones described the main difficulties faced when trying to obtain objective wound measurements[29]. The wound boundary is difficult to define and depends on clinician judgement. Changes in the patient’s position affects the accuracy of the measurement. Curvature of the body, extension across a joint, and wound undermining represent significant challenges 
 ADDIN EN.CITE 
[30, 31]
. 

Serial, accurate and objective area measurements are feasible as part of on-going clinical assessment of wounds and ulcers. However, replacing manual planimetry with three-dimensional measurements is unlikely to result in improvements in wound measurement accuracy. The added dimension that these cameras bring is sensitivity, through the ability to take volume measurements, which are not feasible any other way. This may better reflect the physiological process of granulation upwards from the ulcer base, however the large volume error margins may render this point moot. It is the opinion of the authors that justification of the expense of equipment purchase over simple grid planimetry may rest on this one point. At the time of going to press, the Eykona costs around £3000 with recurring costs of £1 per calibration sticker, whilst the Silhouette costs around £4500 with an annual support fee of £490. Planimetry squares cost ~£1. The comparison between these methods will depend on the volume moving thought he clinical centre: the greater the throughput, the more cost-effective the cameras will be. Integration into information technology systems of the institution may also limit the new technology.
Wound measurement forms an important part of clinical care for patients with ulcers, as it can inform care and support or negate new therapies. It is therefore an important part of any trial observing wound healing over time. The results reported here suggest that use of digital planimetry or 3D cameras would both be acceptable as tools for clinical measurements, in terms of accuracy and reliability, however cost and integration into existing services are significant challenges. 
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Legends
FIGURE 1 – Ulcer models for comparison of measurement methods.

FIGURE 2 – Bland-Altman plots of measurement system comparisons for both surface area and wound volume. (Bias shown as bold line, 95% limits of agreement with broken lines)
FIGURE 3 - Graphs showing correlations between digital planimetry and 3D cameras, for both surface area (A) and wound volume (B) measurements. Lines of equivalence are plotted. Eykona values shown with triangles, Silhouette with circles.

TABLE 1 - Significance of colour of ulcer model analysed using one-way ANOVA, compared to planimetry (p values)
