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Thesis Title The effects of the combination of electrical stimulation and red light-emitting
diode for wound healing on skin
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Abstract

Wound healing is a biological process which replaces or repairs the tissue damage. Many
treatments to induce wound healing have been studied both in vitro and in vivo such as
pharmacological treatments and non-pharmacological treatments. Electrical stimulation and photo
therapy are considered as non-pharmacological treatments. The objectives of this study are to
fabricate a prototype of an instrument that combines an electrical stimulation and photo therapy
using red light-emitting diode (LED) for wound healing and to investigate the effects of this
combination treatment in the animal model. The electrical stimulator can generate 10pnA direct
current and it can also generate red light with 660 nm in wave length. In this study, there were 66
Wistar rats divided in 4 groups; control group, electrical stimulation group, light emitting diode
group and electrical stimulation combined with light emitting diode group. Wound area on dorsal
skin was photographed and calculated for wound healing rate using ImageJ. Furthermore, the
amount of collagen and fibroblast growth factor was evaluated on day-7, 14 and 21.Results of this
study showed that the wound healing rate at day-14 in a treatment group with electrical stimulation
combined with red LED was 60% whereas that in other groups was lesser. However, after 16 days,
there was no difference in wound healing rate. From staining results, it support that the treatment
groups had better healing rate at day-7 and day-14 when compared with the control group because
the color intensity relate to the amount of collagen and fibroblast growth factor were higher.
However, there was not much different at day-21 among these groups. It can conclude that the
combination of electrical stimulation and red LED provided faster wound healing rate during 10
days after wound occurrence compared with a single treatment as a result of an increase of collagen

and fibroblast forming.

Keyword: Electrical stimulation, Light emitting diode, Wound healing, Collagen, Fibroblast
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l File | Edit | View Tests Calculator Help

‘ Central and noncentral distributions | Protocol of power analyses ‘

(6] -- Wednesday, fuly 05, 2017 --23.:32:13 -
t tests — Means: Wilcoxon-Mann-Whitney test (two groups)

Options: ARE. method

Analysis: A priori. Compute required sample size

Input: Tail(s) = Two
Parent distribution Normal
Effect sized 1.9611614
o err prob 0.03
Power (1- err prob) 0.8

Allocation ratio N2 /N1 1

Output- Noncentrality parameter & 3.3194005 _
il ave

Critical t 2.2455288 |E| -

Df 94591559 =

Sample size group 1 B8 -
Test family Statistical test
[nests '] [Means: Wilcoxon-Mann-Whitney test (two groups) v]

I=

Type of power analysis nl n2
[A priori: Compute required sample size - given o, power, and effect size V] Mean group 1 0

Mean group 2 1
Input Parameters Output Parameters

Tail(s) Noncentrality parameter & 3.3194005 SD owithin each group 0.5
Parent distribution Critical t 2.2455288
@ nl =n2
Effect size d 1.9611614 Df 9.4591559
Mean group 1 80

o err prob 0.05 Sample size group 1 6
Mean group 2 50

Power (1-f err prab) 0.8 Sample size group 2 3
SDogroup | 12

Allocation ratio N2/N1 1 Total sample size 12
Actual power 0.8435163 5D o group 2 18

Effect size d 1961161

[ Calculate and transfer to main window ]

Close

l Options ][ X-¥ plot for a range of values ] l Calculate

= 9 o v d 1 1
gﬂ‘ﬂ 2.1 ﬂ']ﬁiﬂfiﬂﬁl!ﬂﬁll G-Power 11!ﬂTiﬁWﬂTu?uﬁﬁ?ﬂﬂﬁ@Qigﬁﬁlnﬁﬂ@llﬂ'lllﬂllllag
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IFiIe Edit View Tests Calculator Help

| Central and noncentral distributions ‘ Protacol of power analyses ‘

[7] — Wednesday, fuly 05, 2017 — 23:34:48 -
t tests — Means: Wilcoxon-Mann-Whitney test (two groups)

Options: AR.E. method

Analysis: A priori: Compute required sample size

Input: Tail(s) = Two
Parent distribution = Normal
Effect size d = 3.3541020
o err prob = 0.05
Power (1-B err prob) = 0.8
Allocation ratio N2 /M1 =1
QOutput: Moncentrality parameter & = 4.0142793 ——
Critical t = 2.8576698 |E
DF =

3.7295780
: .

Sample size group 1

Test family Statistical test
[t tests VI [Means: Wilcoxon-Mann-Whitney test (two groups) V]
1=
Type of power analysis O nll=n2
[A priori: Compute required sample size - given o, power, and effect size V] Mean group 1 0

Mean group 2 1
Input Parameters Output Parameters

Tail(s) MNoncentrality parameter & 4.0142793 50 o within each group 0.5
Parent distribution Critical t 2.8576698
@ nl =n2
Effect size d 33541020 Df 3.7295780
Mean group 1 75

o err prob 0.05 Sample size group 1 &
Mean group 2 60
Power (1-p err prob) 0.8 Sample size group 2 3
. . . SD o group 1 2
Allocation ratio N2 /N1 1 Total sample size 6
Actual power 0.8279065 SD o group 2 6

Effect size d 3354102
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ES 14 Days
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Institute Prince of Songkla University, Songkhla 90110, Thailand

Abstract

Wounds are physical damages or injuries which cause an opening or break of the skin tissues. The
healing potential is usually evaluated from the change of wound area or wound diameter during
the inspection period. This study aimed to create the computer algorithm to assist the wound area
measurement. The algorithm was based on the image processing technique. Digital image of
wound was converted to grayscale image and black and white (B&W) image, respectively.
Morphological operations were then applied to B&W image such as dilating filling, cutting and
eroding. Image segmentation was performed for wound boundary detection and wound area was
then measured. Our algorithm was tested with two groups of images; simple geometries and
wounds. The accuracy of wound area measurement was determined by comparing our algorithm
with Image] software. The results showed that it had high accuracy when testing with simple
geometries (>96%). The accuracy of wound measurement was quite high (>91%) but there was an
image that could not be determined wound area. Our results showed that the accuracy of area
measurement depended on the quality of digital image. It can be concluded that this algorithm will
reduce the hum an work for wound area measurement and it might reduce the interobserver
variability.

Keywords: wound, area measurement, image analysis, ImageJ, morphological Operation
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Introduction

Wounds are physical damages or injuries which cause an opening or break of the skin tissues. In
the repairing process of wound healing, there are four stages which involve homeostasis,
inflammation, proliferation and maturation or remodeling (Rhett et al.,2008; Velnar et al., 2009).
There are many techniques that have been implemented to accelerate wound healing process.
Vacuum- assisted closure technique removed chronic edema and enhanced formation of
granulation tissue leading to efficacious wound closure (Argenta et al.,1997). Electrical stimulation
has been applied for wound healing and several studies showed that the electrical stimulation could
increase rate of healing (Rouabhia et al.,2013; Houghton et al.,2010 ; Sebastian et al.,2011 ; Kloth
.,2014). Light therapy using light-emitting diode (LED) is a new technique to enhance wound
healing (Adamskaya et al.,2011; De Sousa et al.,2010; Minatel et al.,2009). The healing potential
is usually evaluated from the change of wound area or wound diameter during the inspection period
(Cardinal et al.,2008; Wood et al.,2014). There are both manual and automatic methods to measure
wound area. Nayak et al. used transparency paper and a permanent marker to record wound size
and then they used graph paper to measure wound area (Nayak et al.,2009). In other study, wounds
were photographed, transferred to computer and measured with special size analysis software
(Atiba et al.,2011). Furthermore, an open source software such as ImageJ was used to trace the
outline of wound and to calculate the wound area (Chang et al.,2011). Zordan and colleague wrote
MATLAB algorithm to perform texture segmentation to measure the wound area (Zordan et
al. ,2011). Therefore, the computer- assisted analysis for wound size is still a challenge for

biomedical research.

Objectives
1) This study aimed to create the computer algorithm to assist the wound area measurement

and compared the results with the open source image processing program.
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Research Methodology

The process of our algorithm to measure the wound area is generally described as a diagram in
Figure 1. The image was firstly converted from RGB to grayscale and then it was converted to
black and white image. After that, morphological operations i.e. dilation, filling, cutting and
erosion were applied to image as a step of image processing. Image segmentation was then
performed to trace the edge of area or wound. Finally, area was determined with the area
calculation code. We tested the efficiency of the algorithm by determine the accuracy of area
measurement. Therefore, the measured area using our algorithm was compared with the result
determined by ImageJ (version 1.46r). The accuracy of area measurement has been calculated as

presented in equation 1.

|Ar9aaigu rithm —ATEa;manjl

% accuracy = 100 —( ><1{)0) e (1)

Arearmage

There were two groups of images used to determine the efficiency of the algorithm. First group
contained images of known geometry whereas the second group contained images of animal

wounds. All images in our study were obtained from online sources.

. RGB to Grayscale Black & White
Input image . .
conversion conversion
Morphological operations
Image

. Dilate Fill Cut Erode
Segmentation

Analyze area

Figure 1 Diagram of image analysis processes to determine wound area
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(a) (b)

dilate fill

.
(c)

(d) (e)

cut area

(f)

Figure 2 Example of images after processes to determine the wound area: (a) original
image, (b) grayscale image, (c) black and white image, (d) image after dilation, (e)
image after filling, (f) image after cutting, (g) image after erosion and (h) image after
tracing

Results/Conclusion

In the first group of images, using simple geometries, the differences in the area measurement
using ImageJ and our computer- assisted algorithm are showed in Table 1. Furthermore, the
accuracy of measurement had been determined and presented in Table 1.The accuracy for the
images in the first group is in a range of 96.1%-99.9 %. In the second group of images, wound
image was processed according to our algorithm. The images resulted from the image processing
are presented in Figure 2. Then, the wound areas and measurement accuracy were calculated as

showed in Table 2. The accuracy for the images in the second group is in a range of 91.0%-97.7%.
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However, we found that our algorithm could not determine area for the image which has many

voids after black and white conversion as shown in last row in Table 2.

Table 1 Area of given geometries and the accuracy of area measurement using the
computer-assisted algorithm and Image]

Measured Area

(pixel) Difference of )

. Accuracy
Image ImageJ Computer- area (%) -

assisted (pixel) )

algorithm
A 10,525 10,940 415 96.1
‘ 14,199 14,676 477 96.7
- 19,106 19,104 2 999
. 7473 7,674 201 973
F 1,2801 1,2761 40 99.7
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Table 2 Area of amimal wounds and the accuracy of wound area measurement using
the computer-assisted algorithm and Imagel

Measured Area

(pixel) Difference of Accuracy
Image ImagelJ Computer- area . (%) .
assisted (pixel) .
algorithm
7.315 7.980 665 91.0
13.323 13.686 363 97.3
924 903 21 97.7
10,987 11.274 287 974
- 28,010 - -

41.999 - - -
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Discussion

We have created an algorithm that determines the area of digital wound image. It was found that
our algorithm provided high accuracy of test images contained different sizes of wound. We notice
that images with light reflection have lower accuracy than images without light reflection.
Furthermore, the contrast between the object and background can influence the image processing
(Lopez-Molina et al.,2013). There was a study showed that it is difficult to recognize the images
of human chronic wounds because of the variability of the wound bed and the inhomogeneity of
the patient skin (Papazoglou et al.,2010). In this study, it was noticed in this study that ImagelJ also
could not give the value of wound area if the wound (object) and the skin (background) was not
clearly distinguishable. That means the quality of image plays a role for wound detection. In
addition, image noise also causes the error in an image processing. Therefore, it is necessary to
have an image pre-processing to enhance a quality of image such as noise filtering, contrast
adjustment and histogram modification (You et al.,2008; Adel et al., 2008; Geetha et al.,2014).
Currently, our algorithm is not completely developed for wound measurement. It is still a challenge
to improve this algorithm to have an automatic image quality enhancement and a boundary of
wound detection. Moreover, it should have a function to determine the percent of wound change
from two images of wound at the certain points in time. This algorithm will reduce the human

work for wound measurement and it might reduce the inter-observer variability.

Recommendations

Using the computer- assisted program can facilitate the wound measurement and reduce the
variation of inter-observer. Our results showed that the accuracy of area measurement depends on
the quality of image. Therefore, it should be concerned before taking a digital photograph of
wound. It is also necessary to verify the repeatability of area measurement for different conditions
of wounds such as dirty wound bed, a large color contrast with surrounding tissues and wound

with inflammation.
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