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Abstract
In this study, we verified the effectiveness of Kampo medicine by evaluating the changes in the feature values of facial skin 
texture and microcirculation at two distinct tissue depths (subcutaneous 2 mm and 8 mm). A total of 80 patients who took 
the Kampo formula participated in this study, and the changes in the feature values of facial skin texture and microcirculation 
were measured before and after Kampo treatment. The treatment period lasted 6–18 months, according to the doctor’s judg-
ment. The total area of the sulci cutis and the average thickness of the sulci cutis significantly decreased (P < 0.05), and the 
pixels of the grayscale image increased after Kampo treatment (P < 0.05). Moreover, the blood flow velocity at 8 mm depth 
significantly increased after Kampo treatment (P < 0.05). In this study, we specifically noted changes in the skin texture and 
microcirculation after Kampo treatment.
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1  Introduction

Kampo medicine (traditional Japanese medicine) is a medi-
cal system that is rooted in ancient Chinese medicine, which 
has been systematically adapted to suit the climate, environ-
ment, and culture of Japan. The diagnostic approach applied 
in Kampo medicine has become popular worldwide and the 
treatment has achieved excellent outcomes for several dis-
eases [1, 2]. Recently, coronavirus disease 2019 (COVID-
19) has been the center of attention, and many studies have 

shown that Kampo medicine can reduce the incidence rate 
and severity of cases [3, 4].

In Kampo medicine, there are four diagnostic methods: 
inspection, listening and smelling examination, inquiry, and 
palpation. Inspection includes a visual examination of the 
complexion, tongue, and secretions. The Yellow Emperor’s 
Eighty-one Difficulties Classic noted the following: “That 
who can know the pathogenesis of the disease by observ-
ing the patient's complexion, he can be called a god.” Thus, 
examination of the complexion is the most important part of 
the inspection. During the inspection process, doctors diag-
nose diseases visually, according to their subjective judg-
ment and personal knowledge. Therefore, it is difficult for 
patients and medical interns to understand the process. Thus, 
it would be beneficial to objectify the process of inspection.

Recently, considerable research has been conducted to 
assess skin texture in the cosmetic industry. For instance, 
Takemae et al. built an automated system for the evaluation 
of human skin surface conditions using image processing 
[5], and Kobayashi et al. also built a system to assess skin 
texture using image processing [6]. However, while they 
obtained skin images using a contact method, Uchida et al. 
improved the skin texture evaluation systems by using a non-
contact method [7]. Kawasaki et al. showed that Uchida’s 
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non-contact skin texture evaluation method can be used for 
the inspection process in Kampo medicine [8].

Qi (vital energy) and blood are two of the vital substances 
in Kampo medicine. Therefore, it is also necessary to meas-
ure the oxygen saturation and blood flow in patients. This 
is especially true for patients with qi or blood deficiency. 
O2C (“Oxygen-to-see,” LEA Medizintechnik, Giessen, 
Germany) is a new diagnostic device for the noninvasive 
determination of tissue oxygenation and microcirculation 
[9]. The measurement principle of the device is a combina-
tion of the laser Doppler technique and tissue spectrometry. 
In the present study, a flat, glass fiber probe was connected 
to the O2C device to measure microcirculation parameters 
(venous oxygen saturation [SvO2], hemoglobin concentra-
tion [rHb], blood flow [flow], and flow velocity [velocity]) 
at two depths: 2 mm (cutaneous tissue) and 8 mm (subcu-
taneous tissue). As Fig. 1 shows the cutaneous tissue is full 
of Capillary vessels, and the subcutaneous tissue is full of 
large vessels. The device is used in many conditions, such 
as wound healing [10], plastic surgery [11], and diabetes 
(diabetic foot/arterial occlusive diseases) [12]. This is the 
first time it has been used in the field of Kampo medicine.

The aim of this study was to verify the effectiveness of 
the Kampo medicine treatment by evaluating the changes in 
the feature values of facial skin texture and microcirculation, 
and to develop the concept of inspection.

2 � Methods

2.1 � Subjects

This was a prospective observational study [13]. Eighty 
patients (mean age: 51.58 ± 16.35 years) who took Kampo 
formulae participated in this study. The doctor of Kampo 
medicine prescribed the Kampo formula for the patients 

according to their diagnosis. The treatment period lasted 
from six to eighteen months, at the doctor’s discretion.

The study was approved by the Medical Ethics Commit-
tee of Kanazawa University, approval no. 2018-154 (2912). 
The study commenced in April 2019 and terminated in Feb-
ruary 2021.

2.2 � Outcome measurement

The outcome was the change in feature values of the facial 
skin texture and microcirculation at two distinct tissue 
depths (2 mm and 8 mm subcutaneous).

2.2.1 � Feature values of the facial skin texture

We captured images of the facial skin (the left cheek) using 
a digital camera (NIKON D5100), lens (TAMRON Model 
F017) and an LED fill light with a transparent filter (NEE-
WER 176 LED VIDEO LIGHT) before and after Kampo 
treatment. Figure 2 shows the experimental setup. The dis-
tance between the patient and the camera was 0.5 m. The 
F number of the lens was 36, the shutter speed was 1/4, 
the ISO speed was 200, and the image size was set to large 
pixels. To prevent blurring, shutter release was used. The 
brightness of the LED lights was 100%, and the color tem-
perature was 5900 K. The images were taken in the same 
room, the room temperature was set to 24–26  °C, and 
humidity was 45–60%.

We converted the original image format to TIF using 
Nikon ViewNX 2 software, and then used the Micro-
soft Paint software to trim the images, to make sure the 
trimming are taken in the same location, the images of 
patients before and after treatment were processed simul-
taneously, and the same facial markers were selected, the 
size of trimmed images was 701 × 701 pixels. We analyzed 
images using the non-contact skin texture evaluation method 

Fig. 1   Layers of skin Fig. 2   The experimental setting
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(Fig. 3) using MATLAB R2018a, as used at Chiba Univer-
sity [according to the flow: (1) Grayscale conversion (2) 
Cross-binarization (3) Thinning (4) Short-line matching] 
[7]. The feature values analyzed from facial images included 
the average thickness of the sulci cutis, total area of the 
sulci cutis, standard deviation (SD) of short-line inclination 
angles, and pixels of the grayscale image.

2.2.2 � The detection of microcirculation

The O2C probe (flat type) gently adhered to the middle 
of the dorsal aspect of the right forearm, 5 cm above the 
transverse crease of the wrist (avoiding large vessels) with 
double-sided, transparent, adhesive tape, as shown in Fig. 4. 
The depth resolution of the device is 1 nm. Measurement of 
microcirculation was initiated after the patient was sitting 
for 10 min. The patients were seated in an upright position 
with their hands on their knees, and measurement continued 
for 3 min, during the measurement we asked the patients to 
stay still and count numbers in heads. Microcirculation was 
assessed before and after Kampo treatment. Venous oxygen 
saturation, hemoglobin concentration, blood flow, and flow 
velocity were obtained at tissue depths of 2 mm and 8 mm. 
The data is an average value of 3 min. The room was set to a 
comfortable temperature (24–26 °C) for each patient.

2.3 � Statistical analysis

Statistical analyses were performed using SPSS software 
(IBM SPSS Statistics ver. 19). The Kolmogorov–Smirnov 
test was used to test for normal distribution of the values. 
The changes in feature values and microcirculation before 

and after the treatment were compared using the paired sam-
ple t-test or Wilcoxon signed-rank test. The level of signifi-
cance was set at P < 0.05.

3 � Results

A total of 80 patients (21 men and 59 women) participated 
in this study. The prescriptions and treatment durations are 
shown in Table 1. Some Kampo medicine prescriptions were 
used in combination.

The changes in the feature values are shown in Fig. 5, 6, 
and 7 and Table 2. The total area of the sulci cutis signifi-
cantly decreased after Kampo treatment (P < 0.05). The aver-
age thickness of the sulci cutis also significantly decreased 
after Kampo treatment (P < 0.05). The pixels in the gray-
scale image significantly increased after Kampo treatment 
(P < 0.05). However, there were no significant differences in 
the SD of the short-line inclination angles (P > 0.05).

The changes in the microcirculation are shown in Fig. 8 
and Table 3. Only blood flow velocity at a depth of 8 mm 

Fig. 3   The skin texture feature extraction technology

Fig. 4   Probe position
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significantly increased after Kampo treatment (P < 0.05). 
There was no significant difference in hemoglobin oxy-
genation, hemoglobin concentration, and blood flow 
(P > 0.05).

4 � Discussion

In this study, we found that blood flow velocity at a depth 
of 8 mm increased after patients received a Kampo formula. 
Numerous studies have also verified that Kampo medicine 
can promote blood flow. Ge et al. found that traditional Chi-
nese medicine can effectively improve microcirculation in 
arteriosclerotic obliteration (ASO) patients and accelerate 
blood flow in the lower limbs [14]. Zhang et al. also found 
that the Shexiang Tongxin dropping pill improves peripheral 
microvascular blood flow [15]. These two studies indicate 
similar changes in microcirculation as were found in our 
study. In Kampo medicine, qi and blood are two of the vital 
substances, so in Kampo treatment, doctors always attach 
great importance to qi and blood. Qi is the vitality that cir-
culates through the body day and night [16], and blood and 
qi have a very close relationship. Qi can generate blood, 
move blood, and hold blood [17], so it is said that qi is 
the leader of blood: if qi moves, blood follows, but if qi 
stagnates, blood coagulates. At the same time, blood can 
nourish qi [17], and it is said that blood is the mother of 
qi. Most Kampo formulae contain qi and blood tonifying 
drugs. Therefore, in this study, we believe that the Kampo 
formulae accelerated blood flow by regulating the qi and 
blood of patients.

In this study, we did not see a significant change of micro-
circulation at 2 mm. The microcirculation at a depth of 2 mm 
represents cutaneous tissue, whereas a depth of 8 mm repre-
sents subcutaneous tissue [18]. Compared with subcutane-
ous tissue, cutaneous tissue is more easily affected by the 
external environment, this could explain why no changes 
in microcirculation in response to Kampo treatment were 
found at 2 mm.

Studies on Kampo treatment and changes in facial skin 
texture are rare. In this study, we found that the total area 
and average thickness of the sulci cutis decreased after 
Kampo treatment. The skin surface has irregular sulcus 
cutis and crista cutis. The sulcus cutis describes grooves 
and depressions in the skin, and the areas surrounded by 

Table 1   Patient demographic characteristics

n Mean ± SD

Gender and age
 Male 21 54.71 ± 18.13
 Female 59 50.46 ± 15.68
 Total 80 51.58 ± 16.35

Prescription
 Tokishakuyakusan 9
 Ninjinyoeito 13
 Goreisan 9
 Hatimigann 17
 Shitimotukoukatou 8
 Other

Treatment duration
 0.5 years 19
 0.5–1 year 32
 1–1.5 years 29

Fig. 5   Change in the total area of the sulci cutis before and after the 
Kampo treatment. *P < 0.05

Fig. 6   Change in the average thickness of the sulci cutis before and 
after the Kampo treatment. *P < 0.05

Fig. 7   Change in the pixel number of the grayscale image before and 
after the Kampo treatment. *P < 0.05



68	 Artificial Life and Robotics (2022) 27:64–69

1 3

it are called crista cutis [19] (Fig. 9). Given that the area 
of the sulci cutis can be influenced by the quantity of sulci 
cutis and the thickness of sulci cutis, we suggest two prob-
able causes for the reduction of the area of the sulci cutis: 
a reduction in the number and thickness of sulci cutis. In 
this study, we verified that sulci cutis thickness decreased 
after Kampo treatment. However, we did not quantify the 
number of sulci cutis. In agreement with these findings, 
Nitta et al. also verified that the average thickness of sulci 

cutis significantly decreased after dry-skin care in older 
adults, and found that when water levels in the stratum 
corneum increased, the stratum corneum became tight and 
the volume of cristae cutis were increased, thus narrowing 
sulci cutis between cristae cutis [20]. As skin ages, it loses 
its ability to retain moisture, so most elderly people suffer 
from rough and dry skin [21]. The majority of the patients 
in our study were elderly. Many studies have shown that 
Kampo medicine can moisturize the skin by replenishing 
qi and blood. For example, Takada et al. found that the 
water absorbing and holding capacities of the skin were 
improved by ingesting Shimotsu-to [22], and Nakamura 
et al. found that Ninjinyoei-to is useful for dry skin [23].

In this study, we also found that the pixels of the gray-
scale images increased after Kampo treatment. The value 
range of the pixels of the grayscale images is 0 pixel to 
255 pixels, 0 pixel expresses dark and 255 pixels expresses 
bright, so the increasing of the pixels of the grayscale 
images indicated that the facial skin became brighter. 
Numerous studies verified that skin brightness increased 
as the skin became moisturized [24, 25]. Therefore we 
suggest that Kampo medicine can reduce the average 
thickness of the sulci cutis and increase skin brightness 
by improving skin moisture content.

Table 2   Changes in feature 
values of the facial skin texture

*P < 0.05, compared with pre-treatment
Total area: The total area of the sulci cutis
Average thickness: The average thickness of the sulci cutis
SD of short-line: The SD of the short-line inclination angles (expresses the variety of directions of the sulci 
cutis)
Pixel: The pixels in the grayscale image

Total area Average thickness 
(pixel)

SD of short-line Pixel (pixel)

Pre-treatment 544.45 ± 76.00 2.59 ± 0.56 30.22 ± 6.81 49.69 ± 12.80
Post-treatment 518.99 ± 79.01* 2.42 ± 0.53* 31.84 ± 6.49 53.63 ± 6.11*

Fig. 8   Change in the blood flow velocity before and after the Kampo 
treatment. *P < 0.05

Table 3   Changes in microcirculation parameters

*P < 0.05, compared with pre-treatment
AU arbitrary unit

Pre-treatment Post-treatment

2 mm SvO2(%) 38.00 ± 11.49 38.69 ± 12.50
rHb (AU) 57.70 ± 8.27 57.28 ± 8.64
Flow (AU) 13.07 ± 16.65 10.15 ± 10.43
Velocity (AU) 29.35 ± 7.74 29.97 ± 8.52

8 mm SvO2 (%) 32.79 ± 18.50 29.97 ± 17.57
rHb (AU) 67.79 ± 18.97 65.23 ± 18.94
Flow (AU) 32.71 ± 34.34 31.43 ± 20.67
Velocity (AU) 40.84 ± 15.76 45.64 ± 12.25*

Fig. 9   Skin texture
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5 � Limitations and future work

The limitations of this study include that we focused on skin 
texture and did not assess other parameters of the skin, such 
as temperature and moisture. Additionally, because of the 
small sample size we did not assess the changes associated 
with different ailments or Kampo formulae separately, future 
work with a larger sample size is warranted to determine 
which patients experience microcirculation and skin texture 
changes after treatment.

6 � Conclusion

In this study, we found that after Kampo treatment changes 
occurred in the skin texture and microcirculation. Facial skin 
texture can be measured objectively using image analysis 
technology.
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