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Abstract

Even after successful operations, ugly postoperative skin scars are often distressing to pa-
tients and their parents. To judge the success of surgical methods and postoperative treatment,
postoperative scars should be evaluated using a quantitative system. Height and width are easily
measured, but scar redness is not. We have developed a simple and effective method for evaluating
scar redness. According to the color definitions employed in computer graphics, each color can be
expressed as RGB (red, green or blue) coordinates (r, g, b): 0 &#x2266; 1, g, b &#x2266; 10. The
degree of scar redness is defined by the following formula: redness score (RS) = (r; - 19)? + (g; -
20)? + (b1 - bg)?. Here, (Ry, g1, by) = coordinates of the scar color and (ro, g9, bg) = coordinates
of the surrounding skin color. RS was evaluated in 59 children (35 males, 24 females; ages 1
month to 12 years old) who had scar redness after congenital cardiac surgery. For each patient,
scar color and surrounding skin color was identified on the color sample table. Scar redness was
also evaluated by the conventional grading method: 1 = mild, 2 = moderate and 3 = severe. The
RS of the colored scars ranged from 4 to 100 (38 4 27). By the conventional grading method, 44
scars were grade 1, 15 grade 2 and none grade 3. RS was significantly higher among grade 2 than
grade 1 patients, 52 4 25 and 33 + 27, respectively (P < 0.05). Given its subjectivity, the conven-
tional grading method yields variable data; surrounding skin color, moreover, is not considered.
Our new evaluation method using RS effectively and accurately defines scar and skin colors, and
allows quantitative studies of these factors.
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Koki NAKAMURA*, Hiroyuki IRIE and Shunji SANO

Department of Cardiovascular Surgery, Okayama University Medical School, Okayama 700, Japan

Even after successful operations, ugly post-
operative skin scars are often distressing to
patients and their parents. To judge the success
of surgical methods and postoperative treat-
ment, postoperative scars should be evaluated
using a quantitative system. Height and width
are easily measured, but scar redness is not. We
have developed a simple and effective method for
evaluating scar redness. According to the color
definitions employed in computer graphics, each
color can be expressed as RGB (red, green or
blue) coordinates (r, g b): O=r, &, b= 10.
The degree of scar redness is defined by the
following formula: redness score (RS) = (ry — o)
+ (g, — o) + (by — by)*. Here, (ri, g, b)) = coor-
dinates of the scar color and (ro, g bo)= coor-
dinates of the surrounding skin color. RS was
evaluated in 59 children (35 males, 24 females;
ages 1 month to 12 years old) who had scar
redness after congenital cardiac surgery. For
each patient, scar color and surrounding skin
color was identified on the color sample table.
Scar redness was also evaluated by the conven-
tional grading method: 1 =mild, 2= moderate
and 3 = severe. The RS of the colored scars
ranged from 4 to 100 (38 = 27). By the con-
ventional grading method, 44 scars were grade
1, 15 grade 2 and none grade 3. RS was sig-
nificantly higher among grade 2 than grade 1
patients, 52+ 25 and 33 £ 27, respectively
(P < 0.05). Given its subjectivity, the conven-
tional grading method yields variable data; sur-
rounding skin color, moreover, is not considered.
Our new evaluation method using RS effectively
and accurately defines scar and skin colors, and
allows quantitative studies of these factors.
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O nly a quantitative method enables one to evaluate

postoperative skin scarring objectively for future
improvements in surgical technique or postoperative
management. While height, width and length are easily
measured, it is difficult to quantify scar redness. Use of
the conventional grading scale yields subjectively variable
data without consideration of surrounding skin color.
There have been no reports of evaluation methods which
do not employ measuring devices. To this end, we have
developed a simple and effective method for scar redness
evaluation.

Subjects and Methods

Color sample table and redness score.
According to computer graphic color definitions, every
color can be expressed as RGB (red, green or blue)
coordinates (r, g, b): 0=r, g, b=10. A color sample
table was made, which included 18 skin color samples
(Fig. 1, Table 1). The degree of scar redness was defined
as the sum of the squared differences between redness
coordinates (r1, g1, b)) and surrounding skin color coor-
dinates (ro, g0, bo): Redness score (RS)= (ry — ro)* +
(8 — &)+ (by — bo)* (Fig. 2-a, b).

Subjects.  Our subjects were 59 children (35
males and 24 females, ages 1 month to 12 years old;
3.3+ 3.0 y.0.) with postoperative scar redness 3 months
after congenital cardiac surgery. Among these patients,
45 received median, 10 posterolateral and 4 submammary
skin incisions. Cyanosis was seen in 27 patients (46 %)
pre-operatively and in 13 patients (22 %) postoperatively.

Methods. For each patient, scar color and sur-
rounding skin color were identified on the color sample
table and RS was calculated. The degree of redness was
also evaluated using the conventional 3-grade scale: 1=
mild, 2 = moderate and 3 = severe. Area, height and
stiffness of the scar were not considered in this study.
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Fig. I  Color sample table.

Eighteen color samples were made using computer graphics. After observing the actual scar color, the sample which most closely matched
the scar color was chosen.

Table | Color sample coordinates and frequency of matching to actual colors

No Coordinates Match to Match to No Coordinates Match to Match to
: (R, G, B) skin color scar color ’ (R, G, B) skin color scar color
| (1o, 8, 4) 38 4] 14 (6, 2 6) 0 8

2 (10, 8, 6) i3 0 5 (10, 0, 10) 0 2

5 (10, 6, 6) 0 12 16 (10, 6, 4) 3 |

6 (1o, 10, 8) 0 0 17 (8 2 86 0 0

7 (10, 2, 4) 0 15 21 (8 6 4 4 0

8 (4, 0, 4 0 3 23 (8 4 2 0 0
10 (1o, 0, 4) 0 7 26 (8 0, 2 0 0
i (10, 4, 4 0 8 33 (1o, 6, 2 | 0
12 (6 0, 4 0 3 34 (8 6 0 0 0

|
|

R, G, B: Red, green or blue.
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Fig. 2  Redness score (RS).

a: All colors were expressed as coordinates in the RGB (red, green or blue) system, which is a 3-dimensional plotting, as shown in Fig. 2.
Each skin color and redness has coordinates. RS was defined as the square of the distance between the 2 points.

b: Redness and surrounding skin colors were matched to the color samples, respectively, after which redness score was calculated as shown
in the figure.

Statistics. An unpaired Student’s ¢-test was

used for the comparative RS statistics between the grade 100 00 o0
1 and grade 2 groups. The P-value, less than 0.05, was 90 i
considered significant. 80 o —_
70
Results © 1 g8 &
3 %" o000 T o0
Redness and surrounding skin color coordinates were 9 50 00 T ® ’
99+ 05, 7.7+0.7, 44+09) and (8919, 26 = o 40 \ 0000 o
2.2, 4.9+ 0.9), respectively. The RS of colored scars E 000000 4 (XY X}
ranged from 4 to 100 (38 & 27). 30~ o 1
As normal skin colors, Nos. 1, 2, 16, 21 and 33 20 ~ 6606060 :
100 990000 00) L
Fig. 3 (Right)  Redness score vs. grading scale. oy — — — — — =
Redness score was significantly higher among grade 2 than grade | Grade 1 Grade 2

patients: 52 + 25 and 33 + 27, respectively (P < 0.05).
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were matched. As scar colors, Nos. 5, 7, 8, 10, 11,
12, 14, 15 and 16 were matched. No. 16 was used as
both a skin and a scar color. Nos. 6, 17, 23, 26 and 34
samples were not used (Table 1).

On the conventional grading scale, 44 scars were
grade 1, 15 grade 2 and none grade 3. RS was 33 &= 27
for grade 1 and 52 + 25 for grade 2 scars (F° < 0.05;
Fig. 3).

Discussion

To reduce ugly postoperative scarring, operation
method and postoperative scars should be evaluated. In
order to judge effectively, a quantitative method for scar
evaluation is necessary. While scar height, width and
length are easily measured, redness is not; evaluation of
redness is, nonetheless, an important parameter, espe-
cially in treating keloid and/or hypertrophic scars. Until
now, there has been no efficient and accurate method for
scar evaluation available.

Evaluation of scar redness using the conventional
grading scale (grade 1 = mild, grade 2 = moderate and
grade 3 — severe redness) is both subjective and im-
precise. Surrounding skin color, moreover, is not con-
sidered.

Recently some devices, such as the colorimeter, have
been developed which include redness as a factor in skin
color quantification (1-6). These devices yield accurate,
objective evaluations in the [.*a*b* system, but they are
very expensive and not immediately available for clinical
application (1-6). In L*a*b* color space, equal distances
are approximately equal to perceived color differences. 1.*
represents psychometric lightness, and a* and b* are the
psychometric chroma coordinates of red-green and yellow-
blue, respectively. Using the RGB (red, green or blue)
system, colors were quantified using a computer or
Doppler color flow mapping (7, 8). RGB can be plotted
easily on a three-axis graph. The resultant plot shows the
difference between the color of the scar and the color of
the surrounding skin as the distance between their two
respective points on the graph (d). Redness score is then
easily calculated by squaring this figure (i.e., d*). There-
fore, we have developed a simple and effective new
method (RS) using the RGB system to evaluate and
quantify scar redness.

Using the conventional grading scale, all patients were
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classified as either grade 1 or 2. According to our results,
grade-evaluation and RS corresponded. In contrast to the
grading scale, however, RS is a continuous parameter
which more precisely expresses redness.

In this study, skin color variations (five samples) and
scar color variations (nine samples) were matched to
determine the actual color (only the No. 16 color was
used for both surrounding skin and scar colors). Five
samples were never matched for the actual colors because
the color of the scar tissue did not correspond to any of
the colors on the color sample table. This means that the
color sample table can still be improved. It is necessary to
develop a color sample table in which colors are closer to
the actual skin and scar colors. We must also consider
how many samples are necessary in the color sample
table.

In conclusion, RS was simple, effective and useful for
evaluating scar redness. If the color sample patterns are
closer to the actual scar and surrounding skin colors, an
even more reliable evaluation method can be produced.
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