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Abstract

Introduction: For developing a hardness multipoint measurement system for understanding
hardness distribution on biological body surfaces, we investigated the spring strength of the
contact portion main axis of a biological tissue hardness meter (product name: PEK).
Methods: We measured the hardness of three-layered sheets of six types of gel sheets
(90 mm x 60 mm x 6 mm) constituting the acupuncture practice pads, with PEK measurements
of 1.96 N, 2.94 N, 3.92 N, 490 N, 5.88 N, 6.86 N, 7.84 N, 8.82 N, and 9.81 N of the main axis
spring strength. We obtained measurements 10 times for the gel sheets and simultaneously
measured the load using a digital scale. We measured the hardness distribution of induration
embedded and breast cancer palpation models, with a main axis with 1.96 N, 4.90 N, and
9.81 N spring strengths, to create a two-dimensional Contour Fill Chart.

Results: Using 4.90 N spring strength, we could obtain measurement loads of <3.0 N, and the
mean hardness was 5.14 mm. This was close to the median of the total measurement range 0.0
—10.0 mm, making the measurement range the largest for this spring strength. We could image
the induration of the induration-embedded model regardless of the spring strength.
Conclusion: Overall, 4.90 N spring strength was best suited for imaging cancer in the breast
cancer palpation model.
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1. Introduction

In acupuncture therapy, the therapist understands the
pathologic condition using responses to stimulation applied
to the body surface, which is also used as a therapeutic
medium. The therapist focuses on information regarding
pain or tenseness, which is required to correctly diagnose,
treat, and estimate the effects of treatment. The therapist
also focuses on information regarding hardness, such as
induration, as well as on acupoints and trigger points.
Trigger points that commonly overlap with acupuncture
points [1,2] can be found as a lowered pressure pain
threshold above a cord-like induration [3]. Also, in patients
with chronic lower back pain, acupuncture to deep parts is
considered to be more effective than acupuncture to su-
perficial parts [4,5].

We used a system that seeks curve inclination AP/AL for
each pressing distance, AL, from the load—displacement
relationship to find deep indurations. We exchanged sheets
of varying hardness to measure the stratified compound
tissues simulated by the model [6]. Comparison between
models demonstrated that the reflection of deep-region
hard sheets could be confirmed. However, comparison be-
tween measured sites demonstrated that the values did not
correspond with sheet positions. Since superficial hardness
has a structure dependence because it varies according to
the hard structures in deeper regions, we concluded that
detecting depth-dependent (vertical) differences in hard-
ness using load—displacement measurement is difficult.
Therefore, we decided to measure hardness on a flat sur-
face (laterally) for measuring induration.

To find indurations by measuring lateral hardness on a
flat surface, methods such as displaying results of mea-
surements on multiple points on a two-dimensional (2D)
Contour Fill Chart are used. The current method is time-
consuming because it comprises the following steps. First, a
lattice drawn on the body surface is used as a reference for
the measured part, after which measurements are ob-
tained, the measured values are read, recording is
repeated, and finally, the results are entered into the
computer for imaging. We are planning to develop a mul-
tipoint measurement system for hardness because we
require a system that permits rapid multipoint measure-
ment with high induration imaging capacity.

For measurement using the multipoint measurement
device, we used the biological tissue hardness meter (PEK;
Imoto Machinery Co., Ltd., Kyoto, Japan), which is
commercially available in Japan and is a simplified pressing
force-type hardness meter for biological body surfaces [7].
The measurement device PEK-1 is widely used in a several
areas, such as dentistry [8,9]; alternative medicine, such as
acupuncture or chiropractic treatments [10—12]; orthope-
dics, rehabilitation, and sports medicine [13—16]; industrial
hygiene [17]; behavioral medicine [18]; basic animal ex-
periments [19,20]; and for assessing the validity of other
measurements of hardness [21]. A hardness index of PEK is
the shift distance of the main axis (mm) when the auxiliary
cylinder is shifted by 10.0 mm, and the contact force of
main axis at the time of measurement affects hardness
detection [6]. However, to our knowledge, to date, no
study has focused on the spring strength of the main axis.

Thus, we used a model that simulated the hardness of
biological soft tissues to study the differences in the
detectability of hardness and indurations depending on the
spring strength of the main axis.

2. Materials and methods

2.1. Spring strength and detection characteristics

For the hardness model, we used three-layered sheets of six
types of silicon gels of various hardness (measuring approxi-
mately 90 mm x 60 mm x 6 mm; in order of soft to hard: SG-a,
SG-b, SG-c, SG-d, SG-e, and SG-f) from the Unico acupuncture
practice pads Type V (Nissin Medical Industries Co. Ltd.,
Kitanagoya, Japan), which are used in acupuncture education
in Japan, layered on top of each other. For measuring hard-
ness, we used a specially ordered model with an exchange-
able main axis spring of the pressure pain PEK, which can
measure the pressure pain threshold by continuing to press
after measuring hardness, using the biological tissue hardness
meter PEK-1 (Imoto Machinery Co., Ltd.). The main axis
spring strength was adjusted to 1.96 N, 2.94 N, 3.92 N, 4.90N,
5.88N, 6.86 N, 7.84N, 8.82N, or9.81 N (Fig. 1). The point of
contact of the biological tissue hardness meter comprised the
main axis and an auxiliary cylinder. The hardness index of
0—100 indicates the relative comparative value of 10 times
the shift distance of the main axis (mm) when the auxiliary
cylinder is shifted by 10 mm. The corners of the main axis are
rounded so that the measured object is not damaged when
measured at a 7-mm diameter. It is shaped like the brim of a
hat with an external diameter of 25 mm and internal diameter
of 14 mm to increase contact stability and pressing force for
support. When measuring hard objects, the main axis and
auxiliary cylinder shift in a uniform manner. The measured
value increases in proportion to the increase in the main axis
and auxiliary cylinder shift distance. For measuring soft ob-
jects, the shift distance of the main axis is smaller than that of
the auxiliary cylinder; thus, the measured value is small
(Fig. 1) [7,20]. For measuring the load, we used a digital
cooking scale (KD-320; Tanita Co., Tokyo, Japan).

Measurements were obtained 10 times for the varying
hardness of the six types of gels and varying spring
strengths of the main axis for maximum load at measure-
ment. We created a distribution chart by plotting mean
values with standard deviations. We determined the
skewness of the six types of gels and the range by sub-
tracting the mean values of hardness of SG-a from those of
SG-f to assess the detectability from the results of hard-
ness. The ranges were also calculated in a similar manner
from the results of the loads.

2.2. Expression of hardness distribution

We used the induration-embedded model (Nakamura Brace
Co., Ltd., Omoricho Oda, Japan) and breast cancer palpa-
tion model (Kyoto Kagaku Co., Ltd., Kyoto, Japan) as the
models of induration (Fig. 2). To a 140 mm x 140 mm x 40-
mm silicone gel block, we embedded two types of hemi-
spherical silicone of different hardness (A, a mixture of
AskerC19 and silicone gel and B, addition of 50% JIS A40 and
50% AskerC19 to A and forming a 1-mm-thick coating) so
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Figure 1 Hardness meter and mechanism of assessment. The shift distance of the main axis when the auxiliary cylinder displaces

10 mm is used as the index of hardness.
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Figure 2
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Induration model. Left: induration-embedded model (A > B). Right: breast cancer palpation model (A, cancer

accompanied by dimpling signs; B, cancer accompanied by depressed areas of the skin; C, fibroadenomas; and D, breast cancer).

that the apex of the hemispheres was positioned 5 mm from
the surface. The soft special resin breast cancer palpation
model measured approximately 240 mm x 160 mm x
60 mm and simulated the following: (1) cancer accompa-
nied by dimpling signs; (2) cancer accompanied by
depressed areas of the skin; (3) fibroadenomas; and (4)
breast cancer.

We used the pressure pain PEK main axis with 1.96 N,
4.90 N, and 9.81 N spring strengths to measure the
induration-embedded model at 156 (13 rows x 12 columns)
points. The breast cancer palpation model was measured
at 238 points distanced 10 mm from each other, and we
created a 2D Contour Fill Chart using DeltaGraph5 (Red
Rock Software, Inc., Salt Lake City, Utah, USA).
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3. Results

3.1. Spring strength and detection characteristics

At 4.90 N spring strength, the mean hardness was 5.14 mm,
which was close to the median hardness for the full
measured range of 0.0—10.0 mm. The range was widest at
5.65 mm and was >5.00 mm at 5.88 N, 6.86 N, and 9.81 N
spring strengths (Fig. 3). The skewness reached 0 at 8.82 N
and had the highest degree of symmetry; the skew to hard
objects tended to increase for low spring strength. From
the points of the plot on the graph, we can deduce that
>3.92 N spring strengths are required for discriminating
among SG-d, SG-e, and SG-f.

For adequate measurement, as the spring strength
decreased, lower and more constant load was required
during measurement (Fig. 4). The means at 1.96 N and
9.81 N spring strengths were 3.44 N and 5.80 N. Thus, within
this range, the load increased in proportionate to spring
strength intensity. Although the range for 4.90 N spring
strength was 2.66 N, the range increased to 3.84 N after
spring strength was increased to >5.88 N. In other words,
the range tended to widen as the intensity increased.

3.2. Expression of hardness distribution

The 2D Contour Fill Chart of the induration-embedded and
breast cancer palpation models is imaged for the hardness
range of 4.0—10.0 mm for 1.96 N spring strength, of
2.0—8.0 mm for 4.90 N spring strength, and of 0.0—6.0 for
9.81 N spring strength for comparison (Figs. 5 and 6). We
could image the induration form of the induration-
embedded model regardless of the spring strength,
thereby allowing us to detect the difference in hardness
(Fig. 5). In the breast cancer palpation model, we could not
image any cancer for 9.21 N spring strength, fibroadenoma
(Fig. 6C) could only be imaged for 1.96 N. For 4.90 N spring
strength, cancer accompanied by depressed areas of the
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Figure 3  Results of hardness measurement. The mean is 51.4

at 4.90 N spring strength, with the largest range. The skewness
shows that the detectability lowers for weaker springs and
harder objects.
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Load

Springstrength| 1.96 2.94 3.92| 4.90| 5.88 6.86 7.84 8.82] 9.81(N)
Mean 344 3.77) 409 450 5.03 523 529 5.42 5.80(N)
Standard deviation|  0.37| 0.60 0.76 0.96 1.30 1.31] 1.44] 1.60] 1.80(N)
Range 0.91) 1.48 208 266 3.84 3.75 4.20 4.74 5.21(N)

Figure 4 Load during measurement. Weaker spring strength
indicates that smaller and more constant load is required for
measurement.

skin (Fig. 6B), fibroadenoma (Fig. 6C), and breast cancer
(Fig. 6D) were rendered as areas harder than the sur-
rounding tissues. Cancers accompanied by dimpling signs
could not be imaged for any spring strength.

4. Discussion

The detectability of hard objects was lowered because the
skews to hard objects from skewness values increased.
Thus, we believe that >3.92 N spring strengths are required
to measure hard objects. The silicone gels simulate the
hardness of soft biological tissues that are used by Japanese
acupuncturists while practicing acupuncture or palpation.
Acupuncturists focus on soft tissues as reaction points in
addition to tissues that are harder than the surrounding
tissues on the body surface. For the objective assessment
of hardness focused on clinical acupuncture, a spring
strength of 4.90 N is one option because its mean lies within
the median of 0.0—10.0 mm. A spring strength of 9.81 N
also demonstrated a similar range of >5.0 mm, indicating
that harder objects could also be measured. Therefore,
intense spring strengths are another option to choose
among those depending on the hardness range of the ob-
ject. However, measurements with less force are ideal to
reduce the level of invasion to the surface of the measured
part. Because measurements can be obtained at relatively
weak and safe loads of 3.00 N for spring strengths of up to
4.90 N, this may also be an important factor in selecting
appropriate spring strength. Our results also suggested that
for >5.88 N spring strengths, load during measurement,
rather than distance, may also be an important indicator of
hardness.

We could extract the internal silicone form with the
hardness 2D Contour Fill Chart of the induration-embedded
model regardless of spring strength, and thus, we could
detect the difference in hardness. In contrast, in the breast
cancer palpation model, we could not detect cancers
accompanied by dimpling signs as hardness for any spring
strength. Nonetheless, we could image cancers accompa-
nied by depressed areas of skin, fibroadenoma, and breast
cancer with a 4.90 N spring strength.
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Figure 5 The contour plan distribution chart of hardness of the induration-embedded model. The shape of the induration could
be imaged and the difference in hardness could be detected regardless of the spring strength.
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Figure 6 Contour plan distribution chart of the hardness of the breast cancer palpation model. 1.96 N: C could be imaged.
4.90 N: B, C, and D could be imaged.



Studying Hardness Meter Spring Strength

345

From the results of hardness detectability and deep
induration imageability in hardness or induration models
that simulated human biological soft tissues, we found that
4.90 N was the most versatile and suitable spring strength
of the main axis of multipoint measurement systems for
hardness.
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