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Background: Color texture analysis was applied as a tool for quantitative evaluation of radia-
tion-induced skin injuries.

Materials and Methods: We prospectively selected 20 breast cancer patients who underwent 
whole-breast radiotherapy after breast-conserving surgery. Color images of skin surfaces for ir-
radiated breasts were obtained by using a mobile skin analyzer. The first skin measurement was 
performed before the first fraction of radiotherapy, and the subsequent measurement was con-
ducted approximately 10 days after the completion of the entire series of radiotherapy sessions. 
For comparison, color images of the skin surface for the unirradiated breasts were measured 
similarly. For each color image, six co-occurrence matrices (red-green [RG], red-blue [RB], and 
green-blue [GB] from color channels, red [R], green [G], blue [B] from gray channels) can be 
generated. Four textural features (contrast, correlation, energy, and homogeneity) were calcu-
lated for each co-occurrence matrix. Finally, several statistical analyses were used to investigate 
the performance of the color textural parameters to objectively evaluate the radiation-induced 
skin damage.

Results and Discussion: For the R channel from the gray channel, the differences in the values 
between the irradiated and unirradiated skin were larger than those of the G and B channels. In 
addition, for the RG and RB channels, where R was considered in the color channel, the differ-
ences were larger than those in the GB channel. When comparing the relative values between 
gray and color channels, the ‘contrast’ values for the RG and RB channels were approximately 
two times greater than those for the R channel for irradiated skin. In contrast, there were no 
noticeable differences for unirradiated skin.

Conclusion: The utilization of color texture analysis has shown promising results in evaluating 
the severity of skin damage caused by radiation. All textural parameters of the RG and RB co-
occurrence matrices could be potential indicators of the extent of skin damage caused by radia-
tion.

Keywords: Color Texture Analysis, Quantitative Evaluation, Radiation-Induced Skin Injuries, 
Skin Surface Images
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Introduction

In recent years, the use of ionizing radiation and radioactive materials has rapidly in-

creased and has been used in industry, science, medicine, the military, and many oth-

er fields [1–3]. However, this increasing use has been associated with an increase in un-
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wanted and uncontrolled exposure to radiation, resulting in 

several adverse effects on radiation workers and the public. 

Radiation-induced skin injury is the most common acute 

adverse effect of radiation exposure and one of the most su-

perficial problems in radiation accidents [4, 5]. 

Radiotherapy, of which more than 99% is external beam 

radiotherapy, is a treatment technique in which ionizing ra-

diation penetrates the skin surface and is then delivered to 

the target volume. Therefore, the exposure of the skin to ra-

diation cannot be avoided because of these characteristics 

[6]. Radiation-induced skin injury is caused by the depletion 

of stem cells from the basal layer of the epidermis due to ra-

diation [2, 7, 8]. It can progress from skin erythema and dry 

desquamation to moist desquamation, and finally to skin ul-

ceration and necrosis. These symptoms of radiation-induced 

skin injury may severely reduce the quality of life and adverse-

ly affect the entire treatment process. Therefore, the severity 

of radiation-induced skin damage requires an appropriate 

quantitative evaluation to manage symptoms accordingly. 

Subjective and objective methods are available for evalu-

ating the severity of radiation-induced skin injuries. Subjec-

tive methods involve the evaluation of symptoms through vi-

sual observation and are commonly used in clinical practice. 

However, this approach varies depending on the investigator. 

Several institutions have proposed objective methods using 

various detectors to provide quantitative measures. Yamaza-

ki et al. [9] utilized a color reader and a corneometer to ob-

tain skin color and hydration, respectively. They analyzed 

the correlation between the severity of radiation-induced 

skin injury and both L*a*b* skin parameters from the color 

reader and skin moisture [9]. They scored the skin severity 

for each patient according to the Common Toxicity Criteria 

version 3 (CTC v3; National Cancer Institute). For statistical 

analysis, high correlations were found between CTC v3 score 

and skin parameters [9]. Park et al. [4] investigated the per-

formance of various color-space parameters obtained from 

skin images to assess and predict the severity of radiation-in-

duced skin damage. The skin images measured using the 

skin analysis device were analyzed in various color-space 

modes, including red, green, blue (RGB); L*a*b*; hue, satura-

tion, value (HSV); and YCbCr. They demonstrated that the 

red (R) value of the RGB model and the saturation (S) and 

value (V) values of the HSV model performed better when 

evaluating acute radiodermatitis [4]. 

With the rise of advanced image-processing technology 

and machine learning, texture analysis based on pixels in 

images is commonly used as an image-processing technique 

to provide quantitative measures. Lee et al. [10] conducted 

an objective assessment of radiation-induced skin injuries 

using texture analysis. However, widely used texture analysis 

thus far relies solely on a single gray channel in the images. It 

only analyzes the relationships between gray pixels, which 

limits its ability to investigate color information in color im-

ages. Over the past decade, the field of texture analysis based 

on gray channels has been extended to color texture analysis 

[11]. Several color texture analysis algorithms have been de-

veloped and proposed for color texture feature extraction [12]. 

To the best of our knowledge, color texture analysis has not 

been introduced as a tool for quantitative assessment of the 

severity of radiation-induced skin injuries. Therefore, in this 

study, we investigated the performance of texture analysis of 

color channels to assess severe radiation-induced skin injury 

and compared it with a single gray channel. By analyzing 

skin images before and after radiotherapy for irradiated and 

unirradiated skin, we aimed to find an optimal color textural 

parameter that can determine the presence of radiation-in-

duced skin damage with high statistical significance.

Materials and Methods

1. Patient Characteristics and Planning 
We prospectively selected 20 breast cancer patients who 

underwent whole-breast radiotherapy after breast-conserv-

ing surgery between 2018 and 2020 from a single institution. 

Patients with breast cancer receiving radiotherapy were en-

rolled in this study because the treated lesions were close to 

the skin. This enabled a more precise analysis of the radiation-

induced skin injury. All patients were diagnosed with ductal 

carcinoma in situ and had a median age of 50 years. There 

were eight left ipsilateral breasts and 12 right-left ipsilateral 

breasts. 

For radiotherapy plans, the planning target volume (PTV) 

was defined as the entire ipsilateral breast. All patients were 

prescribed 40.5 Gy in 15 fractions to the PTV. Tangential beam 

intensity-modulated radiotherapy plans were generated for 

left breast cancer to reduce the dose volume to the ipsilateral 

lung and heart. Tangential beam field-in-field plans were 

generated for right breast cancer. The photon beam energies 

used in this study were 6 MV or a combination of 6 and 10 MV. 

2. Visual Assessment Scoring and Dose Measurement
A visual assessment of the severity of radiation-induced 
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skin injury was conducted approximately 10 days after the 

completion of the entire series of radiotherapy sessions (‘af-

ter RT’). According to the Radiation Therapy Oncology Group 

(RTOG) scoring system, all patients were independently grad-

ed by a specialized radiation oncologist with several years of 

experience in assessing radiation-induced skin damage. 

A calibrated nanoDot optically stimulated luminescent 

dosimeter (OSLD) system (Landauer Inc.) was used to mea-

sure skin doses. In the first fraction of radiotherapy, the OS-

LDs were located at four measurement points, including the 

inner, outer, upper, and lower sides of the nipple in the irra-

diated breast, and skin doses were measured for each patient. 

3.  Acquisition of Skin Surface Images and Color 
 Texture Analysis 

Color images of skin surfaces for irradiated breasts were 

obtained in white light mode from a mobile skin analyzer (API-

100; Aram Huvis) at stable room temperature (25± 1 °C) and 

under stable room light (200 ± 10 lx). The spatial resolution 

of the device was 1,624× 1,212 pixels within a measurement 

area of 1 cm ×1 cm. The first skin measurement was per-

formed before the first fraction of radiotherapy (‘before RT’), 

and the subsequent measurement was conducted (‘after RT’). 

The measurement points were the same as those used for 

skin dose measurement using the nanoDot OSLDs. For com-

parison, color images of the skin surface of the unirradiated 

breasts were measured similarly. 

The skin color images (24 bits per pixel) were divided into 

RGB channels using the source code in MATLAB version 

R2021a (Mathworks). Each color channel had an integer val-

ue ranging from 0 to 255, representing the color intensity. 

The color texture analysis used in this study was based on 

a co-occurrence matrix and Haralick features [11, 13]. We se-

lected displacement (d) of 1 and an angle (θ) of 0° to generate 

the co-occurrence matrix. For the calculation efficiency, the 

normalized gray value for each gray image was 64. Using a 

combination of d and θ, the co-occurrence matrix for each 

gray channel M(i, j) is defined as follows:

(1)

where C(i, j) is the number of relationships of gray values i 

and j within a window of d and θ. 

Color texture analysis extends Equation (1) by using two 

different color channels, considering the relationships be-

tween i and j separately in each color channel, to calculate the 

co-occurrence matrix for color texture. For example, MRG(i, j) 

represents a co-occurrence matrix that considers the rela-

tionships between the i value from the R channel and the j 

value from the green (G) channel. Therefore, for each color 

image, three matrices (red-green [RG], red-blue [RB], and 

green-blue [GB]) can be generated, resulting in six matrices, 

including the individual gray channels (R, G, and blue [B]). 

Four textural features (‘contrast,’ ‘correlation,’ ‘energy,’ and 

‘homogeneity’) were calculated for each matrix using the 

MATLAB source code. 

4. Statistical Analysis
The Wilcoxon signed-rank test was used to conduct pair-

wise comparisons of color textural parameter values between 

irradiated and unirradiated skins for each ‘before RT’ and ‘af-

ter RT.’ Moreover, the test was also used to investigate whether 

there was a difference in the value of the color textural param-

eter between ‘before RT’ and ‘after RT’ for each of the breast 

sides. Spearman’s rank correlation coefficients and corre-

sponding p-values were calculated to assess the correlation 

between skin dose and color texture parameter values. For 

all statistical tests, statistical significance was considered for 

p-values less than 0.05. All analyses were conducted using 

PASW software version 18.0 (SPSS).

Results and Discussion

All patients were graded as having RTOG 1 (faint erythema, 

dry desquamation, epilation, and diminished sweating) based 

on the severity of the radiation-induced skin injury. There 

might be diversity in the severity of radiation-induced skin 

damage within RTOG 1, which could be a limitation of visual 

assessment. If the severity could be further subdivided using 

a quantitative approach, it would allow for more detailed 

management of radiation-related skin damage [4, 9, 14]. 

The skin dose values using the calibrated nanoDot OSLDs 

were 212.4± 19.6, 226.8± 23.5, 253.1± 14.7, and 247.8± 18.1 

cGy for the inner, outer, upper, and lower sides of the irradi-

ated skin, respectively. We calculated the values of the tex-

tural parameters for the gray and color channels, as listed in 

Table 1. The average values of the other texture features, ex-

cluding ‘contrast,’ were all below 1. When comparing the tex-

tural parameter values between the gray and color channels, 

the ‘contrast’ values of the color channels were approximate-

ly 10 times higher than those of the gray channels. Converse-

ly, the ‘correlation,’ ‘energy,’ and ‘homogeneity’ values 
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showed a slightly decreasing trend in the color channel com-

pared with the gray channel. 

To consider variations in color, tone, and texture of the skin 

among individuals and even at different measurement points 

in one patient, relative values of textural parameters were 

calculated based on the values on ‘before RT,’ as presented 

in Table 2. The relative value was defined as the ratio of the 

values of the textural parameters for ‘after RT’ to those for 

‘before RT.’ Regardless of irradiated or unirradiated skins, 

‘contrast’ exhibited an increasing trend on ‘after RT’ while 

‘correlation,’ ‘energy,’ and ‘homogeneity’ generally showed a 

decreasing trend on ‘after RT.’ For the R channel from the gray 

channel, the differences in the values between the irradiated 

and unirradiated skin were larger than those of the G and B 

channels. In addition, for the RG and RB channels, where R 

was considered in the color channel, the differences were 

larger than those in the GB channel. Red correlates more 

strongly with radiation-induced skin damage, including skin 

burns. Fig. 1 shows skin images of both irradiated and unir-

radiated breasts acquired by the skin analysis device on ‘be-

fore RT’ and ‘after RT.’ Several institutions have found that 

the parameters related to the red color, such as a* and R of 

the RGB mode, increased as radiotherapy progressed, and 

skin damage due to radiation tended to worsen [4, 9]. Fig. 2. 

shows skin images of irradiated breasts according to each 

gray channel to demonstrate the changes in skin texture and 

tone between ‘before RT’ and ‘after RT.’ When the skin was 

irradiated, all pixel values increased regardless of channels. 

Among the gray channel, considerable changes in pixel val-

ue were found in R channel, compared to other channels.

When comparing the relative values between gray and 

color channels, the ‘contrast’ values for the RG and RB chan-

nels were approximately two times greater than those for the 

R channel for irradiated skin. In contrast, there were no no-

ticeable differences for unirradiated skin. 

No significant correlations were found between the textur-

al parameters of the irradiated breasts and skin doses. It was 

observed that the skin dose measurement became challeng-

ing when the detectors were positioned on the irregular or 

curved body surface and between the air and materials, 

which resulted in considerable uncertainty [15–17]. There-

fore, the skin dose values measured in this study may be far 

from the true values, showing no significant relationship be-

tween the textural parameters. 

Table 1. The Values of Textural Parameters for Gray Channels and Color Channel

Variable
Contrast Correlation Energy Homogeneity

Before RTa) After RTb) Before RT After RT Before RT After RT Before RT After RT

Gray channel
R
   Irradiated 3.814±2.491 5.002±2.583 0.960±0.022 0.954±0.023 0.015±0.005 0.010±0.003 0.639±0.059 0.582±0.055
   Unirradiated 4.485±2.743 4.728±2.675 0.957±0.023 0.954±0.021 0.014±0.005 0.013±0.004 0.625±0.061 0.609±0.058
G
   Irradiated 3.157±2.235 3.139±1.843 0.977±0.015 0.978±0.011 0.012±0.003 0.010±0.003 0.661±0.064 0.633±0.055
   Unirradiated 3.784±2.576 4.072±2.510 0.974±0.016 0.971±0.015 0.011±0.004 0.010±0.003 0.645±0.065 0.624±0.060
B
   Irradiated 2.550±1.683 2.647±1.338 0.979±0.013 0.979±0.011 0.012±0.003 0.010±0.003 0.671±0.060 0.641±0.053
   Unirradiated 2.977±1.900 3.247±1.909 0.977±0.014 0.974±0.014 0.012±0.003 0.011±0.003 0.658±0.061 0.636±0.056

Color channel
RG
   Irradiated 33.269±25.022 71.380±81.534 0.843±0.051 0.782±0.058 0.004±0.001 0.003±0.001 0.295±0.067 0.239±0.075
   Unirradiated 28.678±22.997 31.447±19.385 0.850±0.064 0.849±0.035 0.004±0.001 0.004±0.001 0.310±0.053 0.296±0.057
RB
   Irradiated 47.860±35.000 84.242±81.133 0.798±0.051 0.732±0.054 0.004±0.001 0.003±0.001 0.259±0.073 0.221±0.073
   Unirradiated 44.339±32.984 44.765±29.597 0.799±0.056 0.792±0.037 0.004±0.001 0.004±0.001 0.262±0.063 0.263±0.065
GB
   Irradiated 18.664±9.059 20.635±10.589 0.908±0.022 0.902±0.021 0.004±0.001 0.004±0.001 0.344±0.062 0.335±0.058
   Unirradiated 21.695±16.590 19.707±8.159 0.907±0.025 0.896±0.024 0.004±0.001 0.004±0.001 0.335±0.071 0.343±0.054

Values are presented as mean±standard deviation.
RT, radiotherapy; R, red; G, green; B, blue.
a)Before the first fraction of radiotherapy.
b)Approximately 10 days after the completion of the entire series of radiotherapy sessions. 
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The p-values of Wilcoxon signed-rank tests that evaluated 

the differences between ‘before RT’ and ‘after RT’ are listed 

in Table 3. In the statistical analyses, it is expected that there 

will be no statistically significant difference observed in unir-

radiated skin, whereas a significant difference is anticipated 

in irradiated skin. Considering this situation, the ‘contrast’ 
and ‘correlation’ of the R channel showed better perfor-

mance than those of the other gray channels. For color chan-

nels, all textural parameters of the RG and RB channels and 

‘energy’ of GB channel exhibited excellent performance in 

determining the extent of radiation-induced skin injury be-

tween ‘before RT’ and ‘after RT.’
The p-values of the Wilcoxon signed-rank tests to evaluate 

the differences between irradiated and unirradiated skin are 

listed in Table 4. For these statistical analyses, there should 

not be a statistically significant difference on ‘before RT,’ 

Table 2. Relative Values of Textural Parameters 

Variable Contrast Correlation Energy Homogeneity

Gray channel
R
   Irradiated 1.794±1.476 0.994±0.028 0.739±0.291 0.916±0.107
   Unirradiated 1.351±0.886 0.998±0.028 0.976±0.407 0.980±0.114
G
   Irradiated 1.392±1.235 1.001±0.017 0.877±0.343 0.965±0.108
   Unirradiated 1.415±0.918 0.998±0.020 0.981±0.390 0.975±0.120
B
   Irradiated 1.382±1.037 1.000±0.014 0.880±0.337 0.961±0.101
   Unirradiated 1.370±0.826 0.997±0.016 0.972±0.358 0.973±0.107

Color channel
RG
   Irradiated 2.627±2.627 0.930±0.074 0.752±0.227 0.863±0.383
   Unirradiated 1.345±0.916 1.009±0.154 1.015±0.298 0.998±0.357
RB
   Irradiated 2.339±2.246 0.920±0.074 0.777±0.231 0.952±0.530
   Unirradiated 1.299±0.922 0.997±0.095 1.008±0.279 1.096±0.528
GB
   Irradiated 1.342±0.916 0.993±0.028 0.906±0.288 1.016±0.313
   Unirradiated 1.125±0.517 0.988±0.032 0.990±0.251 1.089±0.402

Values are presented as mean±standard deviation.
R, red; G, green; B, blue.

Fig. 1. (A-D) Skin images of both irradiated and unirradiated breasts acquired by the skin analysis device before the first fraction of radiother-
apy (‘before RT’) and approximately 10 days after the completion of the entire series of radiotherapy sessions (‘after RT’).

Irradiated skin

Unirradiated skin

Before RT After RT

A B

C D
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while there should be a statistically significant difference on 

‘after RT.’ Considering this situation, the ‘energy’ and ‘homo-

geneity’ of the R channel and ‘energy’ of B channel showed 

better performance than the others. For color channels, all 

textural parameters of the RG and RB channels and ‘energy’ 
of the GB channel exhibited excellent performance in deter-

mining the extent of radiation-induced skin injury differenc-

es between irradiated and unirradiated skin. However, using 

Table 3. Wilcoxon Signed-Rank Tests for Gray and Color Textural 
Parameters between ‘before RT’ and ‘after RT’

Variable Contrast Correlation Energy Homogeneity

Gray channel
R
   Irradiated <0.001 0.030 <0.001 <0.001
   Unirradiated - - 0.011 0.017
G
   Irradiated - - <0.001 <0.001
   Unirradiated - - 0.029 0.005
B
   Irradiated - - <0.001 <0.001
   Unirradiated - 0.017 0.015 0.003

Color channel
RG
   Irradiated <0.001 <0.001 <0.001 <0.001
   Unirradiated - - - -
RB
   Irradiated <0.001 <0.001 <0.001 0.001
   Unirradiated - - - -
GB
   Irradiated - 0.030 <0.001 -
   Unirradiated - <0.001 - -

RT, radiotherapy; R, red; G, green; B, blue.

Table 4. Wilcoxon Signed-Rank Tests for Gray and Color Textural 
Parameters between Irradiated and Unirradiated Skins

Variable Contrast Correlation Energy Homogeneity

Gray channel
R
   Before RTa) 0.027 - - -
   After RTb) - - <0.001 <0.001
G
   Before RT 0.025 - - 0.043
   After RT 0.003 0.001 - -
B
   Before RT 0.036 0.048 - -
   After RT 0.018 0.001 0.029 -

Color channel
RG
   Before RT - - - -
   After RT <0.001 <0.001 <0.001 <0.001
RB
   Before RT - - - -
   After RT <0.001 <0.001 <0.001 <0.001
GB
   Before RT - - - -
   After RT - - 0.009 -

R, red; RT, radiotherapy; G, green; B, blue.
a)Before the first fraction of radiotherapy.
b)Approximately 10 days after the completion of the entire series of radio-
therapy sessions. 

two channels for color texture analysis is limited in our study. 

As introduced by Humeau-Heurtier [11], there are many al-

gorithms to consider all channels at once to calculate textur-

al parameters, expecting to improve performance. In future 

work, we intend to apply the color texture analysis with all 

channels at once to evaluate the skin damages by radiation. 

Fig. 2. (A–D) Skin images of irradiated breasts according to each gray channel before the first fraction of radiotherapy (‘before RT’). (E–H) Skin 
images of irradiated breasts according to each gray channel proximately 10 days after the completion of the entire series of radiotherapy ses-
sions (‘after RT’).
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Fig. 3. (A-D) Co-occurrence matrices of red (R) channel for both irradiated and unirradiated skin before the first fraction of radiotherapy (‘be-
fore RT’) and approximately 10 days after the completion of the entire series of radiotherapy sessions (‘after RT’). GLCM, gray level co-occur-
rence matrix.
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radiotherapy (‘before RT’) and approximately 10 days after the completion of the entire series of radiotherapy sessions (‘after RT’). GLCM, 
gray level co-occurrence matrix.
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Consistent with these findings, all textural parameters of 

RG and RB from the color channels demonstrated excellent 

performance in determining the presence of skin damage 

due to radiation. Figs. 3, 4 show the co-occurrence matrices 

for R and RG in the gray and color channels, respectively. 

When we considered more than one color channel, large 

variations in the co-occurrence matrices between ‘before RT’ 
and ‘after RT’ were observed, compared to those of the gray 

channel. This indicates that considering more than one 

channel, as opposed to the gray channel, is more appropri-

ate for evaluating radiation-induced skin damage.

Conclusion

In conclusion, this study highlighted the importance of 

employing color texture analysis to assess radiation-induced 

skin damage. The utilization of color texture analysis has 

shown promising results in evaluating the severity of skin 

damage caused by radiation. All textural parameters of the 

RG and RB co-occurrence matrices could be potential indi-

cators of the extent of skin damage caused by radiation. 
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