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Quantitative Sasang Constitution Diagnosis Method for
Distinguishing between Tae-eumin and Soeumin Types Based
on Elasticity Measurements of the Skin of the Human Hand
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The usefulness of constitutional diagnoses based on skin measurements has been established in
oriental medicine. However, it is very difficult to standardize traditional diagnosis methods.
According to Sasang constitutional medicine, humans can be distinguished based on properties
of the skin, including its texture, roughness, hardness and elasticity. The elasticity of the skin
was previously used to distinguish between people with Tae-eumin (TE) and Soeumin (SE)
constitutions. The present study designed a system that uses a compression method to measure
the elasticity of hand skin and evaluated its measurement repeatability. The proposed system
was used to compare the skin elasticity between SE and TE subjects, which produced a meas-
urement repeatability error of <3%. The proposed system is suitable for use as a quantitative
constitution diagnosis method for distinguishing between TE and SE subjects with an accept-
able level of uncertainty.
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Introduction properties of the skin, including its texture, roughness,
hardness and elasticity (2). The constitutional skin
status has previously been reported as follows.

In Dongeusoosebowoon (3), the properties of different
types of human skin were categorized as:

The usefulness of constitutional diagnoses of humans
using the skin of the hand is well established in medicine.
There have been many studies of constitutions with
human skin. Examples include the dichotomy of

Hippocrates, the quartering method of Hall, the three if a Tae-cumin (TE) has a hard and dense skin
constitution theory of Sigauard, the cosmic dual-force that does not sweat, this person is likely very sick.
fifty people principle ({&fg2 1+ A Sf) of Huang Di Nei If a Soeumin (SE) has a hard and dense skin with-
Jing (EFHAE), and three docha theory popularized in out a sweat, he is very healthy. A TE has a solid
India (1). However, it is very difficult to standardize skin and a SE has a smooth skin (KE& A
traditional diagnosis methods because they are dependent BRI  HXFEH PEA BEIRR
on qualitative judgments of inspectors themselves. A con- HlxgtH ARBRAINR BE 2LERAINAE
stitutional diagnosis using human skin is typically per- 328X, in the original Chinese characters).

formed via palpation. Through Sasang constitutional

medicine, humans can be distinguished based on .
- gu In Sasangyolam (4), ancient Korean doctors also

described the constitutional skin status:
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Table 1. Questionnaire Survey for Doctors of Oriental Medicine

What are the major factors of skin for a constitution diagnosis?

Factor Percentage
Thickness (thick, thin) 89.2
Tactile sensation (slippery, soft, rough) 89.2
Elasticity (high, low) 70.3

thick and stiff; but TEs occasionally have a soft
skin. The skin of SEs is buoyant and soft.

A recent questionnaire given to doctors of oriental
medicine is presented in Table 1. Among the factors in
this table, elasticity was used as the determining factor to
distinguish between the TE and SE types of constitutions
in several previous research sources (3-5) and several
qualitative clinical studies (6-8). However, research on
quantitative measurements of skin elasticity for constitu-
tional diagnoses is lacking.

In this study, a system that uses a compression method
to measure the elasticity of hand skin was designed and
its measurement repeatability was evaluated. The differ-
ence in the elasticity of the hand skin between TE and SE
subjects was also investigated.

Experimental Setup

Before fabricating the measurement system, the force
required by a doctor of oriental medicine to grip the
skin of a human hand was measured for inclusion in
the design of the system based on previous work (9)
(Figure 1).

The concept of the system for measuring the elasticity
of human skin utilized a mechanical technique that
involved direct contact with the human hand based on
the method used by doctors of oriental medicine during
a palpation assessment (Figure 2). Figure 3 shows the
proposed system and Figure 4 shows a schematic of its
contact component. The equipment (Figure 3) consisted
of a compression tube that made contact with the skin
(solid line), a laser sensor that measured the displacement
before and after the compression step (dotted line),
a motor that controlled the motion of the compression
tube (dot—dashed line) and a controller with a pump for
compression and a valve for handling any leaks (double
dot—dashed line). The laser sensor was selected to mini-
mize dispersion of the hand skin and to prevent damage
to the skin. Table 2 lists the specifications of the meas-
urement system. A carrying jig (Figure 5) was fabricated
to ensure perpendicular contact between the sensor tip
and the hand. The jig was tilted as required to maximize
the flatness of the contact point.

The measured data were transferred to a personal com-
puter (PC) using a USB-type DAQ (data acquisition)
device. The PC controlled the measurement

(b)

Figure 1. Measuring device and its design to test the muscular strength
of finger grasping; (a) a device with amplifier; (b) a device; (¢) a design
drawing.

hardware using software written in LabView Version
8.2. Basic subject details (including their name, age and
gender) were recorded, and the measurement time and
the compression time of the pump were controlled, as
shown in Figure 6.



Figure 2. A qualitative judgment of doctors of oriental medicine during
a palpation assessment.

Figure 3. The measuring system for the elasticity of hand skin.

Figure 4. Contact component of the designed system.
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Table 2. Specifications of the designed system

Component Specification

Laser sensor
(ZX-LD40, OMRON)

Diffusional reflection type, DC Power
Detection length: 40 £+ 10 mm
Resolution: 2 um
Wavelength: 650 nm
Power: 1 mW
Valve Three-way solenoid valve
Pump 12V, DC power
DAQ (USB, 14-bit, 48kS/s
National Instrument) Multifunction I/O and NI-DAQmx

Measurability and Repeatability of the
Proposed System

The grasping force for a person using the thumb and
index finger—as measured 10 times using the device
shown in Figure 1-—was ~10N, with an accuracy of
1%. The compression force of the proposed system
was designed to be the same as this grasping force. The
diameter of the contact probe was 8 mm, and hence the
compression pressure was maintained at 2000 kPa.

Figure 7 shows the variables analyzed during the mea-
surements. U, denotes the immediate deformation
induced by the compression and U, indicates the extra
deformation caused by the viscoelasticity of the skin.
U is the total deformation, which equals U, + U,.
U, denotes the immediate recovery of the skin upon
removal of the compression. In this study, the elasticity
was the major characteristic facilitating a constitution
diagnosis between the TE and SE subjects. Therefore,
the quotient of U,/Ur was adopted, which corresponded
to the elasticity of the skin and is known to be independ-
ent of the skin thickness (10-13).

First, the measurability of the proposed system
was tested. A commercial rubber plate of known elastic
constant was used as the reference material. Having
shown a similar value the company suggested our
system was acceptable to measure the elastic properties
of subjects (14).

Using the proposed system, the measurement repeat-
ability for human skins was tested using a male subject.
The elasticity was measured five times per day and the
long-term stability was assessed over a period of 1 week.
Table 3 lists the measurement results—averaged value of
five times measurements per day. The relative repeatabil-
ity error (RRE)—defined as the ratio between the SD
and the average value of the elasticity—was 2% for one
measurement and 2.9% for the long-term test.

Optimum Position for the Measurements

Two male subjects—an SE type and a TE type, as deter-
mined through pretesting and diagnoses of their constitu-
tions by doctors of oriental medicine in KIOM whose
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Figure 5. Jig to hold the hand under analysis. (a) hand placeholder;
(b) tilting screw for the vertical direction; (c) tilting screws for the X
and Y directions on the horizontal plane.

specialty were Sasang constitution—were selected for
a comparison of the elasticity of the human hand for
a quantitative diagnosis using the proposed system. The
temperature and humidity of the subjects’ hands were

Figure 6. (a) The control component; (b) control software.

U, u

oM

Displacement (mm)

Time (s)

Figure 7. Variables of the designed system.

made consistent before each measurement, since the
mechanical properties of human skin are typically
affected by both these factors.

The measurement region was defined as an area com-
prising the width between the index finger and the ring



finger of the left hand and the height between the three
middle fingers of the right hand, which were overlain
onto the middle point of the middle finger bone of the
left hand (Figure 8). This area was chosen because a
doctor of oriental medicine typically palpates this
region when performing a constitution diagnosis. Nine
contact points in the region were defined to find the op-
timum contact point for a quantitative palpation mea-
surement: their coordinates were defined from the top
of index finger, top of the middle finger, top of the
ring finger to bottom of the ring finger (Table 4).
(‘Top’ is the point which is 1 cm below the end of each
finger and ‘bottom’ is the point at which the thumb
finger and index finger meet each other as shown in
Figure 8)

Figure 9 shows the measurement results for the SE and
TE subjects. Each data point was the averaged value of
10 times measurements at each contact point. The elasti-
city of the skin on the back of the hand was higher for
the TE subject than for the SE subject, which is in good
agreement with the qualitative measurements of a doctor
of oriental medicine and several previous studies (3-5).
The measurement repeatability was highest along the top
line irrespective of the constitution, which is due to dif-
ferences in the microstructure of the two skin types,
which itself is due to variations in the viscoelasticity
along the lower lines and the resulting lower repeatability
(15). The measurement repeatability was higher for the
TE subject than for the SE subject since the latter had a
more uneven skin that resulted in wider dispersion of the
laser beam on the skin surface (6).

Table 3. Measurability of the designed system

Time 1 2 3 4 5 6 RRE RRE for
for one long-term
measurement measurement
Elasticity 0.669 0.645 0.663 0.669 0.698 0.646 2% 2.9%
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Clinical Data between TE and SE

Table 5 lists the clinical data of elasticity from the two
constitutions using the proposed system. Each data point
was the averaged value of 10 times measurements col-
lected from five TE and three SE male subjects using
the top of the ring finger as contact point. Despite the
presence of variations in the characteristics of the subjects
with each type of constitution (e.g. age, height and
weight), the elasticity was uniformly higher in TEs than
in SEs with an acceptable level of uncertainty; this ten-
dency is in good agreement with findings reported in the
literature (3-5).

Conclusion

In conclusion, a system for measuring the elasticity of
human skin was constructed using a compression tube
and a laser sensor for the purpose of constitutional diag-
noses. The uncertainty in elasticity measurements when
using this system was <3%. The elasticity was higher for
the TE type than for the SE type with an acceptable level
of uncertainty, which is consistent with the findings of
previous studies. It can be concluded that the proposed
system is suitable as a quantitative constitutional diagno-
sis method for distinguishing between TE and SE subjects
with an acceptable level of uncertainty.

Table 4. RRE of elasticity values for SE and TE types

Position (T,R) (M,R) (B,R) (T.L) (M,L) (B,L) (T.,]) (M,I) (B.,I)

SE type 3.3 7.2 106 39 78 12.1 3.1 107 125
TE type 2.0 33 125 35 40 5.0 2.6 4.5 5.7

R, ring finger; L, long finger; I, index finger; T, top; M, middle; B,
bottom.

Figure 8. Inspection regions of the back of left hand.
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Figure 9. Comparison of the elasticity values between an SE type and
a TE type along (a) the index finger line, (b) the middle finger line and
(c) the ring finger line.

Table 5. Clinical data of elasticity for TE and SE types

TE SE
1 2 3 4 5 1 2 3 4 5
Elasticity 0.697 0.712 0.688 0.691 0.703 0.536 0.554 0.544 0.556 0.537
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