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Abstract

Background—Several scar-scoring scales exist to clinically monitor burn scar development and 

maturation. Although scoring scars through direct clinical examination is ideal, scars must 

sometimes be scored from photographs. No scar scale currently exists for the latter purpose.

Materials and methods—We modified a previously described scar scale (Yeong et al., J Burn 

Care Rehabil 1997) and tested the reliability of this new scale in assessing burn scars from 

photographs. The new scale consisted of three parameters: scar height, surface appearance, and 

color mismatch. Each parameter was assigned a score of 1 (best) to 4 (worst), generating a total 

score of 3 to 12. Five physicians with burns training scored 120 representative photographs using 

the original and modified scales. Reliability was analyzed using coefficient of agreement, 

Cronbach’s alpha, intraclass correlation coefficient, variance, and coefficient of variance. Analysis 

of variance was performed using the Kruskal-Wallis test. Color mismatch and scar height scores 

were validated by analyzing actual height and color differences.

Results—The intraclass correlation coefficient, the coefficient of agreement, and Cronbach’s 

alpha were higher for the modified scale than the original scale. The original scale produced more 

variance than the modified scale. Sub-analysis demonstrated that, for all categories, the modified 
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scale had greater correlation and reliability than the original scale. The correlation between color 

mismatch scores and actual color differences was 0.84 and between scar height scores and actual 

height was 0.81.

Conclusions—The modified scar scale is a simple, reliable, and useful scale for evaluating 

photographs of burn patients.
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1. Introduction

Burn treatment has improved dramatically in recent decades. Early excision and grafting of 

burn wounds has greatly reduced morbidity and mortality [1, 2]. Unfortunately, pathological 

scarring affecting both function and cosmesis remains common place in burn patients, often 

delaying reintegration of these individuals into society. Improved outcomes have shifted 

greater attention to wound and scar management in an attempt to improve aesthetic and 

functional results. Evaluation of aesthetic results depends upon the ability to assess the 

evolution of scars over time as well as the outcomes of corrective interventions. This 

requires scar scoring methods that are simple, reliable, and objective. Several scar scores 

have been described [3–5], with the Vancouver scale being the most widely used in clinical 

practice [6]. However, an ideal scoring system has yet to be developed.

Scoring scars through direct clinical examination is vital and irreplaceable. However, 

photographs of patients are commonly used in clinical practice to score scars, either because 

it is the only option or more convenient. Some scales have been applied to patient 

photographs to measure reliability between observers [7–10]. Unfortunately, these clinic-

based scales are not specifically designed for analysis of patient photographs and may not be 

appropriate for this purpose. Development of a simple and reliable system to assess scars in 

photographs would be extremely useful from both a clinical and a research standpoint. 

Reliable comparisons over time, by multiple observers who may be blinded to treatment 

interventions, would be possible with a scale developed specifically for photographic 

evaluation. Objective, blinded analysis of a large number of patients enrolled in clinical 

studies would also be possible. Yeong et al. [8] described a very reliable clinic-based scar 

scoring system that relies on assessments of four scar characteristics. Here, we describe a 

modification of this scale to obtain a simple and highly reliable score system for the 

assessment of photographs of burn patients. Validation of the method was performed to 

demonstrate utility for future studies.

2. Methods

2.1. Photographs

The study was approved by the Institutional Review Board of the University of Texas 

Medical Branch, and written informed consent was obtained from patients, parents, or legal 

guardians prior to enrollment. One-hundred twenty representative photographs of 40 

severely burned patients admitted to our hospital from 2000 to 2008 were selected by a 
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plastic surgeon who did not participate in the scoring. Representative photographs from 6, 

12, and 24 months after burn injury were selected so that different stages of scar maturation 

and hypertrophy could be presented to observers and the full-spectrum of scoring could be 

tested. All photographs were taken in the medical photography department at our hospital 

using standard lighting conditions as well as a standard background and distance. 

Photographs were taken using two Photogenic Powerlight 600s located 9 feet from the 

subject and set at 58, 2 white umbrellas (Photogenic Professional Lighting, IL) reflecting 6 

feet, and a Nikon D200 camera with a Nikon 105 mm f/2.8 AF Micro lens (Nikon Inc., NY), 

which was set to Manual: ISO 160, 1/60 at f10. The focal length was adjusted in accordance 

with the patient’s height. The photographer was located between the two Powerlights and 9 

feet from the patient, who was standing 3 feet in front of a standard surgical blue 

background. Color control patches (Eastman Kodak Company, Rochester, NY) were used to 

calibrate color. All photographs were stored digitally and then randomly ordered in a 

PowerPoint slideshow (Microsoft Office Power point 2003 SP3, Microsoft Corporation, 

Redmond, WA). The representative scar was outlined, and a full picture of the patient was 

included to illustrate the normal skin for comparison purposes (Fig. 1).

2.2. Scoring

Five physicians with burns training scored all patient photographs. These observers were 

provided with a reference chart for the scale (the original or modified scale, see description 

below). The reference chart included sample pictures of each category (Figs. 2 and 3). The 

observers scored the photographs in two separate sessions (one session for each scale), with 

the sessions being separated by a 4-month interval. The observers were blinded to the 

identity of the patients and time point of the photograph. This, taken with the random order 

of the slides, ensured that any bias in the scoring would be minimized. The slideshow was 

identical in both sessions. The scores were captured in a database file (Microsoft Office 

Access 2003, Microsoft Corporation, Redmond, WA) for further analysis.

2.3. Scar-scoring scales

The original scale described by Yeong et al. [8] grades four characteristics of the scar: 

surface, thickness, border height, and color differences. In this scale, each category is 

assigned a score ranging from −1 to 4, yielding a final total score of −4 to 16 (Fig. 4).

We modified the original scale of Yeong et al. [8] to increase reproducibility. This modified 

scale included characteristics that describe the general appearance of the scars [11]. In this 

scale, three scar characteristics were assessed: color mismatch, surface appearance, and scar 

height. Scar thickness in the original scale was omitted due to difficulty in reliably assessing 

this from only patient photographs. Each category received a score ranging from 1 to 4. This 

generated a total possible score of 3 to 12, which described the general appearance of the 

scar. The lower the score, the better the overall appearance of the scar and vice versa. 

Negative numbers on the scale, which also indicated a deviation from normal, were 

eliminated since negative numbers would decrease the final score and falsely imply a better 

scar appearance. Finally, the score started at 1 rather than 0 for “normal,” as it was felt that 

observers may exhibit reluctance in determining any scar to have a score of 0. A brief 

description of each score is provided in Table 1.

Mecott et al. Page 3

J Surg Res. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2.4. Validation of scar height and color mismatch scoring

Color mismatch and scar height scores were validated by analyzing actual height and color 

differences. The five observers’ color mismatch ratings were compared with actual color 

differences in digital photographs obtained using Adobe Photoshop and actual color 

differences in skin obtained using a scanning reflectance spectrophotometer with xenon 

flash lamps. Briefly, color differences in digital photographs were determined by obtaining 

the RGB (Red, Green, Blue) or CIELAB (CIE 1976 L*a*b*) values from Photoshop 

software and then calculating the Euclidean distance with these values (see Supplementary 

Methods for further description of Euclidean distance). Color differences in skin were also 

assessed by calculating the Euclidean distance, which was obtained using CIELAB readings 

from a spectrophotometer. The inter rater reliability between the methods of color mismatch 

determination was assessed by the intraclass correlation coefficient (ICC) (SPSS). A more 

detailed description of the methods used for color mismatch validation can be accessed in 

the Online Supplement (see Supplementary Methods and Supplementary Figs. 1 and 2).

2.5. Statistical analysis

Exact agreement between observers was determined using the coefficient of agreement (Po), 

calculated as the number of exact agreements/number of possible agreements [12]. ICC 

Model 2 form 1 [13] was used to test the reliability of each category (i.e., scar height, scar 

surface appearance, and color mismatch). For the mean values, we used Model 2, form 2 of 

the ICC to test reliability [13] (PASW Statistics 17.0. SPSS Inc. Chicago, IL). Reliability 

was calculated with Cronbach’s alpha (PASW Statistics 17.0. SPSS Inc., Chicago, IL). 

Variance and coefficient of variance (CV; CV = SD/mean) were calculated for each 

photograph to evaluate variance between observers. Analysis of variance was performed by 

Kruskal-Wallis one-way analysis of variance (ANOVA) on ranks (SigmaStat version 3.5, 

Systat Software, Inc. Chicago, IL). Values of p less than 0.05 were considered significant.

3. Results

3.1. Validation of scar height and color mismatch scoring

The ICC between scored and actual scar height was 0.81 (Supplementary Fig. 3). Testing of 

color mismatch scoring revealed that the ICC between digital photograph software and the 

observers’ ratings was 0.83 for L*a*b* and 0.87 for RGB (Supplementary Fig. 4a, b). The 

ICC between spectrophotometry (actual color) and the observers’ ratings was comparable, at 

0.84 (Supplementary Fig. 5). The power of these tests was 1 (alpha, 0.05).

3.2. Reliability and variance between observers in the original and modified scales

The ICC was higher in the modified scale (0.90) than in the original scale (0.83). The 

modified scale also had a higher Po (modified, 0.24 vs. original, 0.12) and Cronbach’s 

Alpha (modified, 0.91 vs. original, 0.84). On the other hand, the original scale had a higher 

variance (original, 0.35 ± 0.19 vs. modified, 0.15 ± 0.06) and CV (original, 7.54 ± 6.73 vs. 

modified, 1.47 ± 1.21) (Fig. 5). Further analysis of the categories in each scale revealed that 

all categories of the modified scale had a higher correlation and reliability than those of the 

original scale (Tables 2 and 3). In addition, the variance and CV were consistently higher in 

the original scale than in the modified scale for all categories (Figs. 6 and 7). Finally, an 
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analysis of variance between the observers detected no statistical difference between the 

observers in the modified scale. However, in the original scale, differences were detected in 

6 of the 10 possible pairs of observers (p < 0.05).

4. Discussion

No scale currently exists for the analysis of scars from photographs of burn patients. 

However, patient photographs have been used to assess the reliability of some scales, 

providing some information on the reliability of picture analysis. In a study by Smith et al. 

[14], 95 varied observers (clinicians, secretaries, and support staff) scored 30 pictures of 

patients. Smith and coworkers conducted an interesting analysis to determine whether 

differences in gender, profession, or experience with burn patients influenced the reliability 

of scores. The only variable that achieved a good reliability score (> 0.7) among all 

observers was overall disfigurement (clothed). Irregularity, thickness, and discoloration did 

not achieve this level of reliability in the evaluation. A high reliability (> 0.8) could be 

obtained with any 8 raters randomly selected from the pool of 95 observers, though this was 

achieved using the Spearman-Brown formula. Unfortunately, this formula can only be used 

when the half-tests are classically parallel (the true scores and error variances for the halves 

should be equal for every population of examinees taking the half tests) [15]. Crowe et al. 

[7] scored ten sets of four pictures (different time points) of each patient. Once the pictures 

of one patient were scored, the set of pictures of the next patient were scored. The observers 

were aware of this picture arrangement, which could have biased the scoring. The observers 

consisted of two novices and two experts. However, the ICC was calculated according to 

expertise, and the authors did not describe the ICC of the four observers together. Beasusang 

et al. [9] analyzed image (photograph) scoring as well as clinical and histological scar 

assessment. For the image analysis, ten observers first assessed 22 photographs and then 

assessed 14 photographs for test-retest analysis. The photograph scoring was not compared 

with clinical and histological analysis. The overall reliability of image scoring, as judged by 

the Spearman’s correlation coefficient, was 0.87.

Among all scar scales, that described by Yeong et al. [8] has yielded the highest reliability 

(ICC of 0.94 for scar surface, 0.95 for border height, 0.90 for thickness, and 0.85 for color 

differences). For this reason, we chose to base our scale on this scheme. Our scale consisted 

of three modified versions of characteristics from Yeong and colleagues’ scale. Of these, the 

color mismatch category was used to account for differences in pigmentation (hypo and 

hyperpigmentation) and the presence of erythema. One of the main problems with some 

scoring systems is that they assign a specific color (e.g., red, purple) to scars, resulting in 

high variability. Our color mismatch scoring system avoided this pitfall and required that 

scores for differences in pigmentation and erythema be combined. We believe that use of 

three categories keeps the scoring simple and reliable, but is sufficient to allow one to 

discriminate between varying degrees of maturation (erythema) and to monitor outcomes of 

therapy aimed at rectifying hypo and hyperpigmentation. One difficulty in assessing color 

differences is the diversity of possible skin tones, even within an individual patient. Thus, 

assessing color mismatch is most appropriately done by comparing the scar with adjacent (or 

the closest) non-affected skin. Including non-affected skin in the photograph or zooming out 

to include a larger area (even a picture of the entire patient, if necessary) is essential to 
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adequately evaluate the appearance of the patient’s normal skin (Fig. 1). This is particularly 

useful when the scored scar exhibits mixed hypo and hyperpigmentation areas. Assessing 

color differences between scars and normal skin is also difficult due to the numerous 

variables involved in the perception of color. These include, but are not limited to, 

photographic settings (e.g., camera resolution and source of light) and individual perception. 

Nevertheless, we have demonstrated that color differences between scarred and normal skin 

can be reliably assessed in photographs of burn patients, with a correlation of 0.83.

The second characteristic in our scale was surface appearance, which is related to the 

cosmetic appearance of the scar. The presence of smooth skin is non-natural and should be 

differentiated from normal skin. However, because this distinction is subtle and the scar may 

have an appearance close to that of normal skin, we decided to score it as 2 instead of −1, as 

in the original scale. For variables without true values, such as scar surface evaluation, 

validation requires assessment of reliability and the correlation between observers to 

demonstrate a score’s utility. This was the case with assessment of the cosmetic appearance 

of the scar surface, which had the highest correlation among observers (Table 3).

The final characteristic in our scale was scar height, which is usually intended to assess 

hypertrophy. The only way to accurately assess hypertrophy (scar height) is to objectively 

measure the elevation from the normal skin plane. However, we found that when a 

description of the characteristics of the scar border was provided, the scale proved to be 

highly reliable in assessing border height. The intention of the score was not to provide a 

specific height (or depression) of the scar in millimeters. Indeed, this would be impossible to 

determine in a photograph. Instead, our goal was to demonstrate that different levels of 

depression and elevation of the scar could be reliably scored. Given this goal, the 

standardization of photography is mandatory. Scar depression can be subtle or prominent 

and was included in the height category as varying degrees of negative slope (drop of the 

border). Our goal is to allow analysis of different clinical scenarios (e.g., reepithelialization, 

tangential and fascial excision, treatments oriented to decrease hypertrophic scarring).

The utility of the modified scale was determined by analyzing reliability, which indicates the 

quality of the measurements [16]. Several methods can be used to evaluate the reliability. 

Each provides specific information and has pros and cons. We decided to apply more than 

one to obtain a comprehensive evaluation of this scoring system. Correlation has limitations 

in testing reliability because it does not allow for the assessment of more than two observers 

[12]. Furthermore, correlation does not provide a measure of reliability, only covariance 

[12]. Therefore, we analyzed the scores of the ten possible pairs of observers (all raters pair-

wise) to test Po and correlations. The ICC reflects both degrees of correspondence and 

agreement among two or more ratings. Consequently, ICC is an extension of the reliability 

coefficient [12]. A value of 1 reflects perfect agreement (no variance), while 0 reflects 

perfect disagreement. Both the original and modified scales resulted in a good ICC, but the 

modified scale was closer to 1 than the original scale. Yeong et al. [8] reported an ICC of 

0.95 for scar surface, 0.93 for scar thickness, 0.95 for scar border height, and 0.85 for color 

difference from normal. We were unable to reproduce these values in our study, perhaps due 

to the larger sample size of this study (120 photographs in this study vs. 10 in the Yeong 

study). For a significance level of 0.95 and a confidence-interval width of 0.2, the sample 
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size necessary to generate the ICCs calculated for the original-scale categories (ICC = 0.32 – 

0.47) was 87 – 94 samples and that necessary to generate the ICCs of the modified-scale 

categories (ICC = 0.46 – 0.59) was 71 – 84 samples [17]. For the final scores, the required 

sample size for the modified scale was 10 samples (ICC = 0.9) and for the original scale was 

28 samples (ICC = 0.83). Unfortunately, Yeong et al. [8] did not report the ICC for the final 

score.

Kappa statistics is a chance-corrected analysis of exact agreement between scores. It 

provides a general idea of agreement. However, it does not provide a measure for “close 

agreement” and gives no value to scores that remain close over several events [13], making 

it inadequate for assessing a scar scale score. We decided to analyze CV to determine how 

close or different the values between observers were using both scales. Due to the fact that 

the original scale included negative numbers, the scores were equal to zero in some cases. 

This made it impossible to calculate the CV. The presence of negative numbers also 

consistently affected the CV. Therefore, we analyzed variance using Kruskal-Wallis one-

way ANOVA by ranks, as previously described. Repeated measures of ANOVA is needed 

for assessing the variance between scores (raters) in this model [12]. Both analyses detected 

significant differences among observers for the original scale, and the variance in scores was 

significantly higher for the original scale than for the modified scale. No significant 

difference between observers was detected for the modified scale.

In summary, this modified scar scale score can be used to evaluate photographs of severely 

burned patients to assess the severity of post-burn scarring, either prospectively or 

retrospectively. Use this method requires standard photographic conditions and a standard 

comparison chart (Fig. 3). By adhering to these guidelines, investigators can reliably 

evaluate hypertrophic scarring progression over time. We have used one of the largest 

sample sizes of scored photographs (compared to studies in the literature) and 

comprehensive statistical analysis to show that this new, modified scale is valid and reliable. 

It is important to note that comparison of this new scoring system with other clinic-based 

scoring systems (e.g., the Vancouver scar scale) is not feasible, since some parameters like 

pliability are impossible to assess in photographs. Ultimately, these clinic-based scoring 

systems were not designed for photograph analysis. Our newly described modifications 

provide a useful tool to investigators interested in assessing hypertrophic scarring.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Example of a slide presented to observers. The studied area was outlined, and normal skin 

was included in the photograph for comparison. If necessary, a zoom-out or a picture of the 

entire patient was included in the same slide.
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Fig. 2. 
Original scale teaching chart. The teaching chart, which was provided to observers, 

contained sample pictures for every category.
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Fig. 3. 
Modified scale teaching chart. The teaching chart contained sample photographs for scar 

surface appearance, scar height, and color mismatch. A brief description of the 

characteristics of each score was provided.
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Fig. 4. 
Scar score scale described by Yeong et al. [8]. Four characteristics of the scars are scored 

from −1 to 4, for a total score ranging from −4 to 16.

Mecott et al. Page 12

J Surg Res. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 5. 
Comparison of correlation and variance in final scores of the original and modified scales. 

A) Coefficients of correlation. B) Po. C) Variance. *p < 0.05. D) CV. *p < 0.05.
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Fig. 6. 
Comparison of the CV for each individual photograph in the original and modified scoring 

systems. A) Total score. B) Height. C) Color mismatch. D) Surface appearance (modified 

scale)/surface (original scale).
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Fig. 7. 
Comparison of variance for each individual photograph in the original and modified scoring 

systems. A) Total score. B) Height. C) Color mismatch. D) Surface appearance (modified 

scale)/surface (original scale).
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Table 1

Modified Scale.

Category Score1 Description

Scar Surface Appearance

1 Surface appearance: Similar to normal skin.

2 Surface appearance: Slight mismatch (smoother or rougher than normal skin).

3 Surface appearance: Noticeably rougher than normal skin. Shallow

4 Surface appearance: Very rough compared to normal skin. Deep depressions and irregularities. Loss of 
normal architecture.

Scar Height

1 No difference. Scar surface at the same plane of the normal skin.

2 Slight difference. Smooth slope at the edge of the scar (positive or negative).

3 Moderate difference. Defined slope at the edge of the scar (positive or negative).

4 Extreme difference. Abrupt dropping at the edge of the scar (positive or negative).

Color Mismatch

1 Color difference: Difficult to distinguish.

2 Color difference: Subtle but noticeable (Includes differences in pigmentation or erythema).

3 Color difference: Moderate color difference. Easy to distinguish (Includes differences in pigmentation or 
erythema).

4 Color difference: Major color difference. Prominent mismatch. (Include differences in pigmentation or 
erythema)

1
Each category is assigned a score from 1 to 4, for a total possible score of 3 to 12.
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Table 2

Original Scale: Correlation and Variance by Category.

Statistical Parameter
Category

Surface Height Color Thickness

Cronbach’s Alpha 0.74 0.83 0.75 0.77

Intraclass Correlation1 (95% Confidence Interval) 0.32 (0.24 – 0.42) 0.47 (0.48 – 0.57) 0.36 (0.28 – 0.46) 0.39 (0.30 – 0.48)

Po 0.33 0.39 0.26 0.35

CV ± SEM 0.67 ± 0.94 0.45 ± 0.31 NC2 0.41 ± 0.21

Variance ± SEM 1.40 ± 1.28 0.63 ± 0.50 0.66 ± 0.44 1.37 ± 1.07

1
Based on standardized items.

2
NC: Resulted in error (mean = 0).
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Table 3

Modified Scale: Correlation and Variance by Category.

Statistical Parameter
Category

Surface Appearance Height Color

Cronbach’s Alpha 0.88 0.87 0.82

Intraclass Correlation1 (95% Confidence Interval) 0.59 (0.52 – 0.67) 0.56 (0.48 – 0.64) 0.46 (0.38 – 0.57)

Po 0.52 0.54 0.43

CV ± SEM 0.19 ± 0.11 0.20 ± 0.12 0.24 ± 0.10

Variance ± SEM 0.32 ± 0.26 0.30 ± 0.24 0.41 ± 0.26

1
Based on standardized items.
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