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biomedical terms were often used instead of the traditional
Kampo terms to avoid confusion.

Organ system patterns are very important in medicine
in China and Korea. However, Kampo experts in the Meiji
(1868-1912), Taisho (1912~1925), and Showa (1926-1989) eras
chose not to use organ systems to avoid overlap with biomed-
ical terms. As a result, Kampo medicine is sometimes criti-
cized because of the relative lack of terms to describe patients’
conditions. The pathogenesis rather than host reaction is
most important in Western biomedicine. In contrast, the
host’s reaction to the pathogen is the most important factor
in traditional medicine. In this regard, Kampo medicine has
been developed in harmony with Western biomedicine.

5. Kampo Medicine Patterns

Kampo patterns were reconstructed logically according to
the ICD principles, which are both jointly exhaustive and
mutually exclusive. Several parameters are used for deter-
mining Kampo patterns: yin-yang, deficiency-excess, cold-
heat, 6 stages of acute febrile diseases, and gi-blood-fluid [18].
Of these, yin-yang, deficiency-excess, cold-heat, and interior-
exterior belong to the 8 principles used in Chinese medicine.
In China, each component is used in combination with the
others to define the pattern, such as “liver yin deficiency
pattern,” and is not usually used independently. Among 8
principles, yin-yang is a polysemic word. Sometimes it is used
for the sensible temperature in Japan. Under international
harmonization, yin-yang is usually a high-level concept of
deficiency-excess, cold-heat, and interior-exterior. To avoid
confusion, we decided not to use yin-yang for the sensible
temperature.

Kampo patterns are determined for all patients according
to the flow charts shown in Tablel and Figurel. Patient
conditions are divided into 2 groups: acute febrile infectious
conditions and chronic conditions (Figurel). A 6-stage
pattern, based on Shang Han Lun, is used for describing
acute febrile infectious diseases like influenza. Qi-blood-fluid
patterns are mainly used for describing chronic diseases.

One issue raised regarding Kampo patterns concerns
the “between deficiency and excess” pattern. The deficiency
and excess pattern is usually based on the strength of the
pathogen. However, in Japan, deficiency and excess patterns
are primarily based on the patient’s condition. The ancient
textbook of Huangdi Neijing (Former Han dynasty; 220
AD to 8 AD) explains that “when the foreign pathogen
is strong, it is called as excess, and when body energy is
weakened, it is called as deficiency” The problem with this
statement is that deficiency is defined by the strength of
foreign pathogens, and deficiency is defined by the energy
of the host. Many traditional medical terms are polysemic,
mainly due to their long history. However, the deficiency-
excess terms are originally polysemic; this has created much
confusion.

In Japan, deficiency-excess was originally determined by
the strength of the foreign pathogen in the case of acute febrile
infectious diseases and by the strength of the body energy in
the case of chronic diseases. Additionally, Kampo medicine

Combination of
(1) deficiency and excess patterns
(2) cold and heat patterns

(Table 1)

Acute febrile infection Chronic health condition

Six-stage patterns .

(Shang Han Lun) Body constituent patterns
Early Yang stage Qi deficiency pattern

Middle Yang stage Qi stagnation pattern
Late Yang stage Qi counterflow pattern
Early Yin stage Blood deficiency pattern
Middle Yin stage Blood stasis pattern

Late Yin stage Fluid disturbance pattern

F1GURE 1: Diagnostic flow used in Kampo medicine. All patients are
assigned a specific category as described in Table 1 and then divided
into 2 groups according to whether they have acute febrile infectious
disease or chronic disease. For acute febrile disease, the 6 stages of
Shang Han Lun are very important. For chronic diseases, the host
body constituent patterns are very important.

was used extensively for acute febrile infectious diseases
before antibiotics were developed, where the strength of the
foreign pathogen was very important. Since the development
of antibiotics, Kampo medicine has been used more often for
chronic diseases, in which the strength of the body energy is
more important. In the modern version of Kampo, the host
condition is assigned a high value, while the foreign pathogen
is addressed by Western biomedicine. Therefore, the host
energy is of greater importance. The need thus arose for the
option to designate the body energy level as “neutral” rather
than just “deficient” or “excessive”” This issue was raised by
Tokaku Wada (1743-1803), a physician in the Edo period [19].
His clinical wisdom was described in “Dosui Sagen” which
was published in 1805. In this book, “between deficiency
and excess” was described in the type of edema. This idea
is thought to have influenced Kazuo Tatsuno (1905-1976)
[20, 21] and other physicians in the Showa era. For example,
a patient with impaired glucose tolerance appears normal
according to the older Kampo designations, even though
Kampo medicine is indicated for this condition. In such
cases, the “neutral” designation enables acknowledgment of
a condition that lies between deficiency and excess.

6. Formula Pattern

The formula pattern is also very unique in Kampo medicine.
While traditional Chinese medicine (TCM) prescriptions
are individualized at the herbal level, Kampo medicine is
individualized at the formula level. This practice may have
started during the Edo period, as usage of different amounts
of herbs was described in a book by Kaibara in 1712 [22].
According to this book, the amount of each herb used in
Japan was 1/5 to 1/3 that used in China. Kaibara explained
that one of the reasons for this practice was the difficulty in
importing herbs from China. Even though alternative herbs
available in Japan were used, some had to be imported from
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TasLE 1: Combinations of deficiency-excess and cold-heat patterns.
Components Cold Heat Between cold and heat Tangled cold and heat
Deficiency Cold, deficiency Heat, deficiency Betw.een cold and heat, Tang}ed cold and heat,
deficiency deficiency
Excess Cold, excess Heat, excess Between cold and heat, excess Tangled cold and heat, excess

Cold, between
deficiency and
excess

Between deficiency

and excess excess

Heat, between deficiency and

Between cold and heat, Tangled cold and heat,
between deficiency and excess between deficiency and excess

Regardless of acute or chronic health conditions, all patients are classified into 1 of these 12 combinations. Very limited combinations are used for acute diseases.
Between deficiency and excess; neutral in “deficiency and excess”; between cold and heat; neutral in “cold and heat”; tangled cold and heat; mixture “cold and

heat,” for example, cold foot and hot flush on face.

China. These differences in the amounts of herbs used are
still prevalent. This may explain why Kampo medicine is
individualized at the formula level. During the Edo period,
doctors carefully studied the roles of formulas and decided
the characteristics of each formula. This practice led to
Yoshimasu’s idea of “matching of pattern and formula”

Physicians continue to follow this principle today. Clin-
ical trials have been conducted using the same Kampo
formula used previously for a specific disease, determining
the appropriate Kampo formula based on host patterns.
“Matching of pattern and formula” has thus been shown to
be a sophisticated approach.

By 1967, the first 4 Kampo formulas were approved by
the government for coverage under the national insurance
system, and 148 are now listed.

The acceptance of Kampo formulas into the national
health insurance system marked the start of the exponential
growth of Japans market in Kampo medicines. Between
1976 and 1992, the sales of Kampo medicine grew more
than 10-fold in Japan (Japan Kampo Medicine Manufacturers
Association, 2007) [23].

With such a rapid increase in the number of Kampo drug
products sold, the government and pharmaceutical industry
needed to ensure that high standards were maintained. In
1987, the government established the Good Manufacturing
Practice (GMP) law to ensure safety in manufacturing pro-
cesses, including the production of Kampo formulas. The
stringent manufacturing process for Kampo medicine has
increased the legitimacy of this modality, as people can
now expect uniformity and high quality from the different
formulas. This facilitates “matching of pattern and formula,”
because if the formulas are not stable, it is very difficult to
consistently match pattern to formula.

7. Future Challenges

Even though all 80 medical schools in Japan have incor-
porated Kampo medical courses into their curricula, the
number of such courses is very small compared to that
of Western biomedicine courses. Postgraduate and contin-
uous Kampo medical education have not been established.
Statistics indicate that Kampo formulas are used in daily
practice by 90% of physicians, which represents over 260,000
physicians. However, the number of Kampo experts certified
by the JSOM is only 2150. This great discrepancy means

that most physicians use Kampo formulas based on Western
biomedical disease diagnoses without deep consideration of
patterns. Further education is necessary for the users of
Kampo formulas.

Another concern for the future is the coding rule used for
the gi-blood-fluid pattern. Deficiency, excess, and between
deficiency and excess are mutually exclusive. Likewise, cold-
heat and the 6 stages are mutually exclusive in the same cat-
egory. However, several abnormalities in gi-blood-fluid may
exist in 1 patient. We conducted a small clinical trial without
establishing any coding rules. Some doctors provided only
1 code for the qgi-blood-fluid pattern, while others provided
4 codes. For more accurate statistics, coding rules should be
developed and training in coding should be imparted.

In terms of international comparisons, Kampo patterns
are too simple compared to TCM and traditional Korean
medicine (TKM). Organ system patterns are particularly
lacking in Japan. However, in ICD-11, all the patterns will be
presented on the common platform of Western biomedicine.
Some organ system patterns can be linked to Western
biomedicine disease codes, even though they do not map one-
to-one. ICD 11 has terminology that is novel to ICD. This
allows ontology software precisely describe the content of
each term and links the different codes to each other. The next
stage of ICTM development will be field testing. We expect
that the international field test will allow for international
comparisons.

8. Conclusion

Kampo patterns are rather unique compared to Chinese or
Korean patterns. There are 2 explanations for this difference.
First, Kampo medicine was separated from the theory of the
Ming dynasty and then reestablished based on Shang Han
Lun theory during the Edo period. Second, Kampo medicine
is used in combination with Western biomedicine by licensed
doctors in Japan. Kampo terminology was redeveloped in
order to avoid confusion with Western biomedicine.
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Viscoelasticity of Soft Samples by Air Jet
Mitsuo NAGAO®!, Yasuhiro MOCHIZUKI, Tetsuya NISHIMOTO and Osamu YOKOTA

"I Nihon Univ. College of Engineering, Dept. Mechanical Engineering
Tokusada, Tamura-machi, Koriyama-shi, Fukushima, 963-8642 Japan

There have been few reports on test methods for viscoelasticity properties of soft samples using an air jet instead of
plungers for loading and unloading. Authors propose a method of evaluating their viscoelasticity properties, such as soft
processed foods and industrial products, using the air jet with newly developed test equipment. In this method, loading and
unloading can be performed using the air jet in a very short time, loading time can be arbitrarily set, and the shape of the dents
formed on the surface of soft samples can be instantaneously measured using light from a semiconductor laser. Using the
developed equipment, authors measured the shape of the dents formed on soft samples, measured the depth of the dents for
various loading times, types of soft samples and pressures, and evaluated the viscoelasticity properties of the soft samples
with respect to elastic compliance and equivalent dent depth.

Key Words : Viscoelasticity, Material Testing, Softness, Creep, Creep Recovery, Compliance, Nozzle,
Laser-Aided Diagnostics, Laser Measurement
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Abstract: As the background of our study, we requested that practitioners use muscie hardness testers to conduct a digital assessment
of muscle hardness layers that they can feel by palpation. We developed muscle hardness testers to assess muscle hardness digitally
from the reaction force and the depth in pushing a finger-shaped indenter, thereby simulating palpation. To assess muscle hardness
digitally, we proposed this means using the reaction force and depth that are measured when the indenter is pushed, along with the
elastic constant, and the differential elastic modulus. The tester is designed to be useful to ascertain effects of, or follow the course of,
muscle layer treatment applied for shoulder stiffiess and other conditions. As described herein, we confirmed the effectiveness of
digital assessment using foam rubber consisting of an upper layer and a lower layer, respectively simulating the cortical and muscle
layers of a human body. Additionally, monitoring six subjects, we digitally assessed the change of hardness of the trapezius muscile
by changing the position of the upper extremity. Next, we were able to measure the change of hardness before and after treatment for
21 subjects with shoulder stiffness.

Key words: Muscle hardness tester, finger-shaped, trapezius muscle, shoulder stiffness, palpation.

1. Introduction attributable to a lack of knowledge about the fatty layer

. . . thickness and differences of its flexibility. Furthermore,
The objective of this study is the development of a . .
] ) the reliability of measurements and operability need
muscle-hardness measuring device [1] that converts ]
) L . improvement.
muscle hardness into digital signals after sensing by . . .
R X . . . The authors are striving to realize a digital
pressing a finger-shaped indenter, simulating palpation. oo .
i assessment method that is insensitive to these
The muscle hardness detection methods used by . . .

. . . , . . conditions and to develop a measuring device that can
commercially available devices and those described in .
. . ] accommodate small changes in hardness, hardness of
the literature are of five categories, respectively
. . L deep muscle layers, enhanced effects of treatment, and
assessing displacement [2-5], inclination angle [6-7], . L
. L. . which allows follow-up monitoring. In other words,
viscoelasticity [8-10], mechanical impedance [11-12], ' .
] . i . muscle layer hardness caused by shoulder stiffness,
and impulse [13]. These devices have their respective . L
. lumbago, and fatigue can be digitalized.
benefits and shortcomings, but none has been . .
. This paper presents an outline of the proposed

completely accepted by practitioners who must

. . . . measuring device, its methed of digitalization, and its
diagnose patients [4-5, 10, 14-17]. This fact is

effectiveness and validity as confirmed through
experiments. First, digitalization of hardness of the

Corresponding author: Mitsuo Nagao, associate professor, lower layer of foam rubber consisting of the
Ph.D., research fields: measurement and diagnosis systems, .
biomechanics, bionics. E-mail: nagao@mech.ce.nihon-u.ac.jp. upper/lower two layers are checked. Second, changes

415



406 Development of a Finger-Shaped Muscle Hardness Tester and Its Measurement Cases

in the hardness during trapezius muscle contraction are
checked. Digitalization of hardness before and after
shoulder stiffness treatment is conducted. Correlation
between the magnitude of BMI and muscle hardness
and judgment of hardness or softness are checked using
dispersion analysis (ANOVA) and #tests. The
following description explains details of how the

authors reached their conclusions.
2. Muscle Hardness Test Equipment
2.1 Composition of the Muscle Hardness Tester

Fig. 1 portrays the process of manual palpation (by
fingers) of a muscle induration (a stiff muscle site).
Human fingers are superior sensors. By pressing a
finger info the skin and moving it slightly, one can
readily obtain information about the induration size,
hardness, and depth [18-21].

As Figs. 2 and 3 show, this proposed device can
simulate the movement of a finger pushing the
induration. Fig. 4 depicts the relation of the reaction
force W and depth x, when the intender, representing a
finger, is pushed into the skin. The intender, set in the
keep plate, is put on the measured object. By holding
the upper part of it by hand, the pushing is conducted at
9 mm of stroke for 5 s. The reaction force and the depth
are obtained respectively from the load cell and the
displacement. Then those data are sent to the PC for
digital processing. With the PC, digital processing in
Fig. 4 and that described hereinafter are conducted. The
results are shown on the display.

The object muscle induration or muscle layers have
individual differences or site differences. Consequently,
because the thickness of the upper layer and the middle
layer presented in Fig. 1 have individual differences
and site differences, the experimenter must manipulate
it by adjusting the pushing force of the finger searching
for the hardness. The pushing force W, is equivalent to
the load adjustment shown in the upper part of Fig. 2.

The main specifications are described as follows:
The indenter diameter is 8 mm. Iis material is POM; at
the tip is a ball with 4 mm radius. The keep plate

(1)Surface (epidermis, fat)

w,x
@ @ ﬂéﬁ t

3 (2)Muscle induration
(4)\\\:1; e t, (3)Muscle layer
(5)—= ' (HMuscle lower layer

(5)Lower layer (Skeleton)

Fig. 1 Palpation of the muscle induration using a finger.

Load adjustment

! Pushing
WoN_7
iR :
e | L Analysis
Sprmo\\s processing unit

Load cell W\

\i

Displacement ] PC

e

. | Keep plate
N
Object |

jec ~J Q x
|

Fig. 2 Outline of the muscle hardness test equipment.

b

Indenter
~

Muscle hardness tester

Indenter

SRR

Fig.3 Photograph showing the muscle hardness tester.

A
(x,, W, );Before
AW,

Reaction force W
Initial stage

Depth x

Fig. 4 Digitization of the muscle hardness (W-x curve).

diameter is 40 mm. Its material is also POM. Pushing is
conducted at a stroke of 9 mm for 5 s. The range of
pushing force is Wy = 2-40 N. The range of
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Development of a Finger-Shaped Muscle Hardness Tester and Its Measurement Cases 407

displacement is x = 0-15 mm. Its total height is 155
mm. Its mass is 650 g. The body casing is stainless
steel (Fig. 3). It is possible to change the indenter and
‘the keep plate depending on the figure of an object site.
Additionally, W, is the value obtained when the tester
on the steel plate 10 mm thickness is pushed into at a
pushing stroke of 9 mm.

2.2 Methods of Quantification

Hardness of a stiff area or lump, as defined for this
study, is the amount of resilience or repulsion that
occurs when the surface part of the stiffness or lump is
pushed into the surface’s thickness, as presented in Fig.
1 [18-19]. This measurement is correlated with hardness
sensed by palpation. Fig. 4 shows an example of W-x in
which the palpated stiffness became softer after the
operation than before it. The hardness is shown as that of
the surface layer including the fat layer in the early
period of pushing, then as the difference of hardness
between the fat layer and the muscle layer, and finally as
the difference of hardness between regions. To take a
digital measurement of hardness, four methods are
proposed as shown in Eq. (1):

Wa>Way Xp < Xay, K™ Kgy Op >0, 0
Kk = Wix, tand = AW/Ax

With this example, let us explain Eq. (1). The
pushing reaction force is described as W, > W, (N), the
pushing depth, x; < x, (mm), the elastic constant, x =
Wix, xp > k, (N/cm), and differential elastic modulus,
tand = AW/Ax, 6> 6, (deg). The method to describe
the hardness with W or x is similar to that of the
existing muscle hardness tester [2-3, 6-9], which is
effective when the targeted site is restricted or for the
site of which the hardness varies widely. If the method
does not allow judgment of the hardness of the site,
then x is added for judgment. Even so, if it is difficult,
then the difference of hardness can be quantified by
adding the gradient at the end of pushing tané.

Alternatively, because it is possible to adjust the
pushing force according to the surface thickness or the
hardness of the targeted site as presented in Fig. 2, a
method to obtain measurements that are approximately

equal to those of the hardness felt by palpation is also
possible.

3. Experiments and Results
3.1 Pushing Force Assessing the Lower Layer Hardness

We confirmed the effectiveness of our proposed
digital measurement method using pushing force,
which can assess the change of the lower layer
hardness, by maintaining the upper layer thickness
constant for two layers consisting of the upper layer of
the surface layer (1) and the lower layer of the muscle
layer (3) presented in Fig. 1. Conditions of the two
layers are shown in Table 1.

The upper layer is made of foam rubber A (t x W x £=
5 x 100 x 50 mm, E21 £ 2/5). The lower layers with
different hardness are made of four kinds of foam rubber
AD (ip x W x £ =10 x 100 x 50 mm). The
combinations of composition are symbolized by AA, AB,
AC, and AD. The foam rubber hardness is represented by
the values of Durometer Type E. The pushing forces are
divided into eight levels of 4 N to 36 N.

Results of the experiments show that the correlation
between pushing reaction force # and pushing depthx
are as portrayed in Fig. 5a. The elastic constant x and
the differential elastic modulus 4 are in Fig. 5b. All
results are mean values obtained from 10 pushing
repetitions. The “4 Mono” presented in Fig. 5 means
the values in directly pushing it into the samples A-D
with pushing force of 4 N. To clarify the differences in
measurements obtained before and after the sample, the
symbols are connected with a line.

The amount of W, by which the differences between
AA and AB, between AB and AC, and AC and AD can

Table 1 Composition of the samples’ of two layers.

Lower layer ~ Durometer Type E-
Symbol  Upper layer to=10 mm (hardness)
AA A E21+2/5
AB ;\u‘bfgea;n B E23+2/5
AC t=5mm C E38+2/5
AD D E47+2/5

'Foam rubber dimensions: £ x W x £ = x 50 x 100 mm
Foam rubber hardness of from A to D
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Fig. 5 Effect of pushing force to assess the lewer layer
hardness.

be judged, was obtained using /~tests. Assuming that
the two samples are homoscedastic, the conditions
were obtained with two-sided ¢ boundary values,
significance level of p = 0.0001, and degrees of
freedom of ¢ = 18. The result was g, p) = {18, 0.0001)
=497, In terms of W), with the test statistic of i, > 1, x,
W and x had Wy > 20 N and @ had W, > 8§ N. “*%¥p <
0.0001” is added to Fig. 5.

Consequently, if each pushing force equivalent to
the thickness of the upper layer is appropriate, then it is
possible to assess the different hardness of the lower
layers digitally [18-19, 21]. It is applicable directly to
the thickness of (1) and (2) in Fig. 1. In the
digitalization of 8, even if W, is smaller than the others,
the differences can be discriminated as the advantage
of this equipment.

3.2 Comparison between k and 8 by the Upper Layer
Thickness

We confirmed the effect of the upper layer thickness
on the sensitive reference in digitalization of x and &
when foam rubber A with thickness of 7= 1, 2, or 3mm
was put on the lower layer shown in Table 1. The
results are depicted in Fig. 6. Indications “Mono” are
values of A-D. In digitalization of elastic constant, as
the upper layer thickens, the difference between objects
becomes indistinct. Therefore, with ¢ = 3 mm, it
becomes more difficult to determine it than with 7 = 1
mm. However, in digitalization of 6, unlike in x,
without difference of an upper layer, we conducted an
ANGVA (p <0.01, one-way analysis, iefzel of factor 4,
and repetition number of times 10) for every different
composition of the objects (e.g., in the case of AA, four

=2 0 =3

O =2
0 =1
O Mono

N

Elastic constant x [N/ct

15 ¢

e .
Mono =1 =2 =3
Composition of the object
(a) Quantification by &
21 r B =3
g2
0Or=1
OMono
B2 AD

#p< 0,01

Differential elastic modulus

i Mono =1 =2 =3

Composition of the object
(b) Guantification by 9
Fig, 6 Sensitivity comparison between x and 8.
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kinds of @ including single layer A, and layers with r =
1, 2, and 3 mm). The discriminant standard is that
shown below.
Folpa, o 0.01) = Fyp(3, 36; 0.01) =4.38

The values F of the objects were the following:
AA(1.69), AB(1.02), AC(2.64), and AD(1.57).
Consequently, because ' < Fy = 4.38 in all the objects,
it turned out to be difficult to assess the change of the
upper layer thickness digitally. In Fig. 6, we described
it as **p < 0.01. In digitalization of 8, even if W} is
small, as presented in Fig. 5, its sensitivity is so much
higher than in x to emphasize the difference of the
lower layer hardness.

3.3 Contraction Hardness of Trapezius Muscle by
Eversion of the Arm

This experiment confirms the possibility of digitally
assessing the hardness that exists before and after a
trapezius muscle contracts. The contents are shown in
Tables 2-3 and Fig. 7. Examinees were six university
students with different body shapes and features of
physical constitution: they were designated as A1-A6
in order of increasing BMI (Body Mass Index) values.

The hardness of contracting muscle was obtained
from the posture in which the position of upper
extremity was different at two sites. First, the muscle
was not tense and soft when the upper extremity was
put on the armrest. Second, the muscle contracts and
becomes tight when the first position of the upper
extremity turns outward by 90° {22]. The site on which
the intender is placed is midway between the seventh
cervical spine and the acromion, where the hardness
can be felt by fingers.

In Fig. 8, data for examinees A1-A6 are shown on
the X axis; the hardness of the armrest position and
90-deg turning outward position in terms of x and & are
shown on the ¥ axis. Along with the mean value, the
range between the maximum value and the minimum
value is also shown. According to x = W/x, the
difference between conditions before and after muscle
contraction are evident, so it is possible to assess the

muscle hardness digitally. The hardness decreases,

Table 2  Features and measurement condition of 6
examinees: university students, age 21~22.

No. f;%:e Features of the body (Refer to Table 3)

Al 19 Thinness type, Thin muscle layer

A2 21 Normal type, Thick muscle layer

A3 21 Normal type

A4 22 Normal type, Tennis player

AS 24 Small fatness type

A6 24 Small fatness type, Thick muscle layer

Table 3 A position, posture, measurement condition and
BMTI value to test.
Ttem Contents

Trapezius muscle of the right shoulder, the

Object position which guesses the indenter is a
position midpoint of cervical spine C7 and acromial
process.
tracti - . L
Co? raction It sits in the armchair, and positions of the arm
action of X " R
are armchair and 90° eversion.
the arm

Indentation set load W, = 9.8 N, keep plate
Measurement diameter 40 mm, indentation setting hour 35 s,

condition the tip is a globe on the indenter diameter at 8
mun, and pushing frequency 5 (convolution)
Thinness type < 19

BMIvalue 19 <Normal type <24

(kg/m*) 24 < Small fatness type <28

28 < Obesity type

Myscle hardness tester

H

Acromial process

Fig. 7 Measurement- of trapéz”iu‘s‘ ‘muscle contraction
hardness of the right shoulder.

except for examinee A4, because the BMJ values
become greater from Al to A6.

Although the experiment did not assess the fat layer
and muscle layer thickness digitally, to assume the
correlation between BMI and the thickness of those
layers, it is reasonable to expect that the value should
be smaller. Examinee A4, a tennis player, has a hard
and thick neck and shoulder muscles, which are
represented by the value. Examinee A6 has thick
muscles. Therefore, the difference between the armrest
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Fig. 8 Comparison of muscle hardness by muscle

contraction of the trapezius muscle.

position and a 90-degree outward turning position is
best. In contrast, Al, who is thin, has a large value
when his upper extremity was put on the armrest. To
assume that his muscle is also proportionally thin, it
should be true because the value also represented the
bone layer hardness as well as muscle layer or the
pushing force was strong.

However, even though the tendency in digitalization
by @ is like that shown by x, resulis show that the
variation of values is greater than that by x. That
tendency might be attributed to the high sensitivity
depicted in Fig. 6. Showing the effectiveness of our
proposed digitalization, when the difference in, for
example, A5 is evident by x, but it is difficult to
discriminate by &, one can discriminate it using x = W#/x.

Next, using the ~test, we confirmed that the muscle
hardness in turning to an outward position can be
discriminated to be higher than that in armrest position.
As test conditions to ascertain the values, two samples
are assumed to be homoscedastic. The ¢ boundary value
is one-way. The significance standard is p = 0.01.
Degrees of freedom are ¢ = 8. In digitalization by x and
g, o, 2p) = 8, 0.01) = 290 was found. In
digitalization by «, the test statistic #, was 7o > £ in all

examiners. With digitalization by # it was s¢ in only A2.

And, with 8, Al and A4 have no significant difference.
It is shown as “**p <0.01” in Fig. 8.

The experiment demounstrated the following. Fig. 1
and Table 2 show that it is important to assess the
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hardness of each rather than the differences of hardness

among individuals because human bodies have
individual differences related to the thickness and
hardness of the object sites. Furthermore, as shown in
Table 1 and Fig. 5, it is necessary to imitate the
movement of strong pushing when the object site is
thick for measurement with good sensitivity because
thickness is a factor holding the key to the sensitivity of
hardness. When the thickness is slight, even a small
change can be grasped if one pushes the indenter

lightly, as in palpation.
3.4 Muscle Hardness Related to Shoulder Stiffness

The examinees were 21 male university students
aged 21-4 (B1-B21), of whom we had conducted a
survey in the form of a questionnaire. We obtained
their consent for the experiment in advance. The object
sites were the sites of shoulder stiffness, which we
located by palpation and near which the indenter was
pushed, as portrayed in Fig. 7, using the same
measurement conditions as those presented in Table 2.
Before and after a practitioner gave an examinee a
massage, we measured the hardness with our muscle
hardness tester five times, with the mean considered as
the measured value. The practitioner gave a massage
by hand and used an ultrasonic therapy apparatus for
about four minutes.

For the amount of change before and afler the
treatment practice, we conducted a #-test, assuming that
the two samples should be homoscedastic. With a
two-sided ~boundary value (p < 0.05), we obtained #g,
p) = 8, 0.05) = 2.31. The examinees were divided into
three groups based on this test: a group of the examinees
of whom muscles softened (13 by x and 9 by 8 among
21), a group showing no difference (5 by xand 11 by 8
among 21), and a group of examiness whose muscles
became harder (3 by x and 1 by & among 21}.

In Fig. 9, with x represented on the left vertical axis,
the three groups are shown from right to left
(represented by two bar charts). They are arranged in
ascending order of muscle hardness. The horizontal
axis represents the values of examinee numbers and
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Fig. 9 Muscle hardness of shoulder stiffness.

their BMI. On the other hand, with § represented on the
right vertical axis (by signs of circle), each € of the
examinees, divided into three groups by s-test, is
marked using a reference mark [*] (*p <0.05).

They were divided into three groups because the
practitioner explains that physical stimulus was given
to a stiff muscle for which the tissues’ blood circulation
was facilitated, thereby softening it. Others showed no
difference. Other muscles showed increasing inner
pressure of the muscle, thereby hardening it. B16 (no
difference by , hardening by 4; 1) and B21 (hardening
by x, softening by &; |) showed different judgment by «
and 4. With the boundary value of p < 0.01, they have
the same judgment by x and 6. Therefore, it is possible
to assess the muscle hardness digitally based on
changes that occur during physical treatment for
patients with complaints of shoulder stiffness. Results
show the capability of digital assessment of the effects
of practical treatment and palpation.

Next, targeting the group of examinees whose
muscle was softened (among 21, with , 13; with 8, 9),
Fig. 10 shows BMI on the horizontal axis in increasing
order, with a regression line. After operation, the
amount of softening was likely to be greater because
the BMI was smaller in a lean body frame. In contrast,
the softening was likely to be smaller in an obese body
frame, with a downward-sloping regression line. The
thickness presented in Fig. 1 might be correlated to the
amount of BMI. Fig. 10 shows that, as BMI decreases,
the procedure is more likely to have the effect of

softening on it.
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Fig. 10 Correlation of muscle hardness and BMI.
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Fig. 11
softening rate.

Defining the levels of softening digitalized by x and
@ as the softening rate, they were gained by Eq. (2), as
presented in Fig. 11. The examinees were 13, whose
muscles were softened with x, and to which & was also
accorded. Suffix ¢ and suffix b respectively denote
values obtained after operation and before operation.
Furthermore, o, and agrespectively represent the elastic
constant and softening rate by the differential elastic
modulus.
o a1 @
The horizontal axis shows the order of BMI values.

The vertical axis shows the softening rate, a, and ag.
The bar charts show digitalized levels of softening.
With this extent of BMI, the level of softening does not
depend on the amount of BMI. In other words, because
the levels of softening had individual differences even
with the same procedure, it is necessary to conduct
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procedures suited for each condition of stiffness. The
sign
difference between x and 6. Sign

GGk

in the figures like Fig. 9, shows a significant
“x* denotes a lack of
significant difference. The formula is helpful to
objectify the results of procedures because it can

digitalize the resuits of softening by procedure.
4. Conclusions

Proposing an outline of the muscle hardness tester
that can imitate hardness assessments done by
palpation and presenting a mode of to digital
assessment, we were able to confirm their effectiveness
and validity by conducting several experiments. The
obtained results are summarized as follows:

e We proposed four methods to assess muscle
hardness digitally. Using them singly or multiply, the
tester presents high reliability. x and 6 are used in
typical methods; '

* It is suggested that the levels of softening before
and after operation should be able to be digitalized by
softening ratio, which can also be useful to objectify
the effectiveness of operation;

¢ Discriminating the lower layer hardness for
different surface thickness is possible if the pushing
force is appropriate to thickness;

» For a thin surface layer, such as a few millimeters,
0 has less effect on the lower layer hardness than x does,
and is therefore validated. Furthermore, & is more
sensitive than x;

» When a difference between hardening and
softening is visible as in the contracted and stiff
trapezius muscle of a shoulder, digital assessment by W,
x, or k is sufficient. Even if the object sites are the same,
they have individual differences reflected in the values,
which suggests the need for measurement conditions
and data management tailored to respective examinees;

* The muscle hardness before and after practical
treatment for shoulder stiffness are categorizable into
three groups: softening, no difference, or hardening.
They are highly correlated to x and 6, with some
exceptions;

* As BMI becomes larger, the hardness value
becomes smaller. That tendency suggests that the
surface layer thickness can be expected to correlate to
the BMI amount;

* In future studies, we will aim at improving the
process for practical application by examining the
possibilities of digitally assessing effects according to
practices, substitution of palpation or self-palpation,
and follow-up.

Acknowledgments

Part of this study is conducted with assistance
provided by a Grant-in-Aid for Scientific Research C
(No. 22560225) of the Japan Society for the Promotion
of Science. We express our gratitude for that support.

References

[1] M. Nagao, O. Yokota, Hardness test method, hardness test
equipment and hardness measuring device, Nihon Univ.,,
Patent No. 5046207 JP, 2012.

[2] Imoto machinery Co. Ltd., The muscle hardness tester,
Patent No.3951257 JP, 2007.

[31 S. Hiwatari, Y. Nagahama, The muscle hardness tester,
Patent No.4352022 JP, 2009.

[4] Y. Arima, Objectification of hardness information of
palpation, Bulletin of Meiji University of Oriental
Medicine 25 (1997) 25-49.

[5] F. Ito, K. Oosaki, K. Takahashi, H. Hara, The effects of
electric field therapeutic device (Healthtron) on the
stiffness in the neck and shoulder area, J. Jpn. Soc. Balneol.
Climatol. Phys. Med. 68 (2) (2005) 110-121.

[6] H. Andersen, L.A. Nielsen, B.D. Samsoe, T.G. Nielsen,
Pressure pain sensitivity and hardness along human
normal and sensitized muscle, Somatosensory and Motor
Research 23 (3) (2006) 97-109.

[7] M. Ashina, L. Bendtsen, R. Jensen, F. Sakai, J. Olesen,
Measurement of muscle hardness: A methodological study,
Cephalalgia Technical Note 18 (1998) 106-111.

[8] TIto Co. Ltd., The muscular tissue hardness tester, Patent
No0.4922056 JP, 2012.

[91 A. Takanashi, H. Karasuno, M. Katou, R. Konuma, K.
Shiota, T. Matsuda, et al., Reliability of measurement of
clastomer samples by soft tissue stiffness meter,

. Rigakuryoho Kagaku 24 (1) (2009) 31-34.

[10] T. Uchiyama, K. Ohsugi, M. Murayama, Evaluation of
muscle hardness by indentation method, Biomechanisms
18 (2006) 219-227.

[11] N. Motooka, S. Omata, J. Koizumi, K. Yamaguchi,

422



[12]

[13]

[14]

[15]

[16]

171

Development of a Finger-Shaped Muscle Hardness Tester and Its Measurement Cases

Development of new instrument to assess visco-elasticity
of skin and muscle, in: Technical Digest of the 15th Sensor
Symp., 1992, Kawasaki, Japan, pp. 87-92.

Y. Karugome, Hakuju Co. Ltd., Hardness measurement of
muscle and muscle hardness measuring device, Patent
No.2008-168063 JP, 2008.

T. Irie, H. Oka, Measurement of biomechanical properties
by impact response (II), Biomechanisms 24 (3) (2000)
168-173.

Y. Tsuda, S. Uchida, I. Kumamoto, H. Sugano, K. Nitta,
An examination for measuring the softness of human
shoulders (1), J. Intl. Soc. Life Info. Sci. 23 (2) (2005)
332-334.

K. Kamiyama, N. Kawata, M. Mizuma, Changes of
muscle hardness of per and post physical exercise of the
extensor carpi radialis longus, Showa Univ. J. Med. Sci.
24 (3) (2004) 494-498.

T. Irie, H. Oka, Effect of rest time on isometric muscle

fatigue measured by biomechanical impedance, Trans. Jpn.

Soc. Mech. Eng. A 71 (703) (2005) 507-512.
K. Ohta, T. Yano, Comparison study between superficial

(18]

[19]

[20]

21

22]

423

413

and deep acupuncture on the neck and shoulder stiffness, J.
Jpn. Soc. Balneol. Climatol. Phys. Med. 68 (2) (2005)
122-133.

M. Nagao, Y. Sakai, O. Yokota, Development of
non-contact softness tester, J. Jpn. Soc. Design Eng. 41 (5)
(2006) 267-272.

M. Nagao, O. Yokota, Development of softness testing
equipment using balloon, J. Jpn. Soc. Design Eng. 41 (11)
(2006) 583-388.

R. Umeda, M. Nagao, O. Yokota, A proposal a contactless
measurement method that considers the viscoelasticity, in:
24th ISPE International Conference on CAD/CAM,
Robotics and Factories of the Future, July 29-31, 2008,
Koriyama, Japan.

M. Nagao, O. Yokota, M. Yoda, Development of
functional testing equipment measured softness, Trans.
Jpn. Soc. Mech. Eng. C 76 (770) (2010) 2598-2603.

M. Murayama, K. Nosaka, T. Yoneda, K. Minamitani,
Changes in hardness of the human elbow flexor muscles
after eccentric exercise, Eur. J. Appl. Physiol. 82 (2000)
361-367.



360 W T4 FRNSHAREMRS | ERREY

ﬁm
Sl

ANLOBPL 2 & H - HREERT ORERERRIZB ¥ A% ™

Study on Hard and Soft Search with Muscle Hardness Tester Using Artificial Para-Stiffness

RE KHE*! bl Y HE LT
(Mitsuo NAGAO) ~ (Tokuo ENDO) ~ (Osamu YOKOTA)  (Shin-ichi KONNO)
1. % &

B )X ERIERN 2 EE2ETIERD—
THY, BESMICIZILINRIhITNIZX BEA
HEDOBEERIME). B Y IERETH Y ER
AHMERBROF CRIRBOFER MERRICHES
N, LI IBHEgLIFEns. L2)oERE
RBIUEHKTIAEZFLELOBRICITESEID
5. MT Y B REEEM (LIETIERE LER) 1T,
BEIACAETIIHERE LIER) IO L THIR [
BILI VS DBREBHLIENTESL. ZhICK
DHATRECPERREGRE EREEL, HITRAEEE
BIZhlzoTwd, BERCFOVLTHSTHLE
IZiE, BRI LT LEZEZRFLE(ST) 5
TBICLDIEREZBTVE., INS—EDEELIE
REEREZEIZT A, LI OBEHRZHETHEEIC
X, BB EALERRE (FEEERER, 50
BEREE TG PHRBOEEESICLD, o
WLEZREL WA, 22T, LI)omE&Kizo
C WTERTWE, £BEMBOWR L IERISELRY,
FHYOBTOBIESTFEHROERE LTHY
5. ~

IDEHBEECBVT, BRERENLT S0
3 UE QIR R ER L - GEER Y YoBss
EDHTWS, BENE, LA TL Z ) 0fFEk
PRI THLOPERTHI LS.

COFEICE, ARYITHMZEVHEAEEA
TOBUEFVEREL, IRODOEMEIIE - 7-4
LIIRIC D W TRIEER 21T o 72, ZOR/BRE» S,
BUEROEE \ZHE o RO LEES S b o 7.
LTI, IhoDERICEo AR EBRS.

* ERZM 201249F28H
®1 ESE, BAkE

* 2 EEE, EREER

*3 LB, BERIERKE

AT L (16)

424

2. BUEFI

21 WEHOEE(L
B1iBIcLVEBEANALCLID Z2HERTHEH
FIOWTHEEWIZR LD THS, 213D
REEML-EFEHA-HEESYTHY, R
B2 & OIFAR T W &S EPNOFRRIE S 2 55
BETE2-0, M30WrHEHIBE NS, LS
DOBFEPFASBIZBWT, FIZIE, HAARER

DHFAES (LZD) /LY /Uy (AD)
QFESE (R, I8l /EVRE /U, U,
O, OBBE /W

H1 LIVEROFHBLBLUET IV

M2 HHEERHIEEOWER

W, % x,0
t>t(4,0.01)

x=Wiz
tanfd =AW/ Ax

A.>B ,A(%W)A} W") =8N, t0>t

) : ' Blx, W),
CW=3N, tp<t, (A?=B)

HAARS x

B3 LZhomEEk [A>B] O W-x#IK

AL W

Vol48, No8 (20134E8 A)



361

1 BRIIBUTTVODELEKEOHE—E

(1) (2) (3) (4) " =
BMI [kg/m®] BMI<19 | 19SBMI<24 | 24<BMI=28 | 28<BMI ;ﬁ@ﬁ% gg@;@;
EE BEE ([ EE@EeH| MOE EHEE |3y, 5eLo
DES - #(a) L& (b) LB () | Ew(d) |BMIEEHEL
ﬁjgg.tfg;) a<b<c<d eEL D,
HRBOES Hole) | BEBQR) | SLBCG) | B ()
(TR a<f<y<d
mpmiams | Bo0) | BEMm) | SLECG) | e
Wi IN] . Wo < Wy < W< Wy )
BoxE U, I U ’ I Us l Uy (L)
BHLZD | UgA, B, C, D), B#HA>B>C>D (TFR8)
W, [N] 3~5 | 3~8 | 3~10 | 3~13 |#masmewE
EW=3NDOEIZIZA L BOHFIZTE 2V, w2 BOEREOME
Wo=8N TiZ ASBOHFIHFTE 55 TH 5. : e :
BORIEE, WoEI R RROMAAE B EEmim BE
Xy RHRAALRTIW, B UHEEER Mo EE "7 IQM) 20+1.0Y
Eftan 6 T &V, BEROBVWIEINLEHREL CR T LK Us(:3) | 25+057
THBHTHZEHREL T 2. CR T h/&EKE U, (25) 16057
22 guaw

1R TLI) 2BETHLZOBMELHBHAL
72b0THY, BMKRTRIEANTRLEEE2S, L
ZHOBEHR @, W) EEBLEELEDLICHEFICETY
BBENE V. EROBUTTIVOBEIE, Mok
HITBUL Z ) OB R EEER L HESRTHRARA

1) FPEIF a0 —% FPREE, #IE L-RXB0TE
txWx D=8x54x54 [mm] : :
2 E ®BMFaui—% E BEE, #igL-FABoTE
txWxD=10x100x50 [mm]

®3 BULZY OB

. & e | EEY
7Z3RBIC o T\ 5, ‘ CR T LEE A 49+1.0
RTCERBEETHIEULIVOSEEEKLOH = B | 42+05
BilRbs—ErzRT. 7EIQ)25@IaTT CR T ABKE C 28+15
HY, ZORPIFHONEIHB. TOREIE, CRIL/EHHE | D |16+05
EBOE#ECI)VAELTEY, BUMIMELHEF S '

WEDEZPS, EOBMIDEETIEREICHEL 3. = B

7. GABOEED INELHBETAIIDOEELZTY
57:%, LD #MBTHMAARES I EHD
T2 0L L. Thbb, H1ICRTEUEFV
WCHL S E-RFOBRUERBUPLULLBE, &
BPLZY b U(A, B, CBXUD)D4EE L L7-.
EF2138BLUER, RIFBEULIDICHVEZARY
STLERT. '
INLDEAEDLEIIBERORE P LDREICL
25DTHHEY, BEFERLAERKRNEZOH
BelL7zbDT, T_RTCOPREEZHRLELADO
Ti3%R <, ZOREBHLZEFIOWTIY LITAd

3.1 MAZEOME
BUERBOEEICEE LEF? 5 OMAKED
L, B2 OREEEFICHRITRAETICENITR
IR o TBY, ERTRINEIFALRER
EWyLERYT. R1ICTTEURE WL L7-HA
ABREWERITRICRLZ., BAMEW=3N & L7
BHIZ, ABEOBULI ) 2HA8bE/-AB,
BCBLUCDIZBWT, ZOFHEDEL LIRE
(p<0ON) KLV EFEBELENFROONILEDOW,D
ETHS(HIBR). 195U, T, ZOFERS

DTHbHI LEloTHL. bWe=3Ni &ML LTREWICSEZT, FEEN
BETEREATRTE L.
REF LS Vold48, No8 (201348 F)

425



362

BC | CD
X to<t (8, 0.01)

3N 7N 10N 3N 7N iON 3N 7N 10N
AR RERE WoN]
4 BUFEB U 0RUE 7V OEEER

Z I THENSEE L72AB, BCB XU CDOHES
®E LAEHIZ, FHOFICRLEZA BBIUC
BHMETO LI ) oREZEFMEL, ZhICHL
THIZR LB, CBLUDIIHMEICFRZENRE
{LL-REEZEELZDDTHA.

3.2 HEERHAEEORMG

M2 IR TEELLOWELDT—%1X/ — b
PCIZHDAFTNTHIPHELNSE. TOF—F»
LW, z, cBEXTIERDE. EFOTHRIIER
8mm THMHFEEKETH Y, HAAX bu—27i
Imm—E, FAABEREIZSBLURN, FALRE
WEIEHOIThEFET CTRET 5. BRELET
S — ¥ iIsEE L.

4, HEREE=E

4.1 EAHEDIE :

B4 ZEUE TNV (3) D Usi2xd L THAAZER
BBl L2 T, #ULI ) SHOBFEEDR
DOENDEWDIEBERLEREFATHE. Zhid
EHEERICBWT, ST ERELZ2ERIZLS

x4 BLOEFTNEHAASE

SEHEOE tIRE (p<0.01) L2b DT, to(BRER
&) L (MAERE) L 2FEELHE LGS
TH5b.

UL ) SHEDAB, BCL CDOREDBEIL,
HAEDHEAB DIAAREHMEW AN L TN Tid
FDE (to<t ; MHEXE) DEVIZED bNE VAT
N%Z 10N & L7 EICIEZF DE (to>t) DEVIRD
b/, BCOHEAEHLETHINUERLFEDLN
rwé._wiqk,ﬁM§E% LT&BLEY
DFFHRD BN Z BT 5720103, BUEBOE
BRAWROZELZITHLNOT, IhbDEMFIZE-
TeiFAAEE M T A2 LEFHSH. TERERAMT S
HRAAREDE 2 b b o AR AR ED TS
EBa1Td, Z0Z0HNETE RN L ARE
LTw5,

42 RMLL Z V) OFER

EAICEEBI1OEUEFTLV() 256 Q) B LU,
OEBREELL. U1 b U RTHAARERE
Wolk, ZEHED3N & 4N, 8N, 10NB X IF13N D
ERERERT. TNODRFOOHNL, HAEHLED
BHEE>t=t (8, 0.01) "D LNEE, XHIZ#
DEDENHFL b%h&#ot%Af&é i-E1))
SNDOEHETIE, Uy UBEOERLL Z h EE) T
RTOMAEEIIBVWT, ZOEVITRDLNS,
RICH LT, b U, 0k ) ICENEBHEL ¥
RSP ETLZOEDEVTRDLN LR R
), WekzlZZOERAPEETHS. COWIZEL
f%bf:’é@ﬁii—)fﬁ)%. Us L Uy THETRTO
HWAEDLETEDHFRTE TR, ZRIIxFL

-
-

EOERER (tB%E)

%%Jé BUL Z ) EEUEBOLMEDS L CHHARERENEW,
wF i @ns | Uo U; Uy Us Uy
bE gy |aN | 4N | N | 8N | 3N | 10N | 3N | 13N
masgy |4 [O]xJolx]olx]|x|[x]O
W [N] BC O @] O O O X O X X
co |[olololololxlolx]o
[ AB O | x O | X Ol xjolx |0
A AR
W:&g] BC |Olo|lolo|lolx]|]o[x]o
co |lojlolololololololo
N AB @) ) O X O X O X O
M
?&Zﬁ Bc loJlo|lolololx|ol[x]o
co lololololololololo
el AB O JlOJolololx ol x]O
BATL
L ﬁﬁi'&;ﬁ B |loJ]ololo]Jololololo
co |[olololojJolo]ololo
RET T (8)

426

Vol48, No8 (20134E8A)



