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Introduction
 The use of palpation for measuring the hardness of soft biologi-
cal tissues is essential to make a diagnosis of pathologic conditions 
and to determine the therapeutic effects of manipulative therapy. This 
is particularly true in acupuncture or massages trigger point therapy, 
in which parts that are harder or softer than surrounding tissues are 
called acupoints or trigger points and are targeted in therapy. Howev-
er, the clinical assessment of the distribution of hardness is subjective 
and based on a therapist’s experience and intuition. Thus, it would be 
useful to make these assessments objective and quantifiable.

 Hardness is a relative and comparative notion exemplified by var-
ious physical traits such as being prone or not prone to stretching, in-
juries, deformation, abrasion, or fatigue. Hardness measurement was 
developed to make indirect assessments primarily through finding the 
strength, endurance, or safety according to the mechanical character-
istics of materials. Measurement and assessment methods are selected 
according to the purpose of measurement. For the measurement or 
assessment of soft biological tissues, methods such as static pressure 
or response to displacement, response to a dynamic load or displace-
ment, response to shock, and response to different frequencies are 
used [1-14]. The main differences between static and dynamic mea-
surements are as follows: 1) the former defines the elasticity of the ob-
ject as hardness, whereas the latter defines not only elasticity but also 
the dynamic characteristics of viscoelasticity including viscosity as 
hardness; 2) in comparison to static measurements, which can be done 
on single bodies and in a short time period, dynamic measurements 
require a time period equal to that of the external system and 3) for 
static measurements, instantaneous pressure/displacement at a con-
stant contact pressure/displacement are used as indicators [2-4,6]. De-
vices that measure the hardness of biological body surfaces and that 
are commercially sold in Japan include the muscle hardness meter 
NEUTONE TDM series and the biological tissue hardness PEK meter 
series; they operate with a different measurement method [6,15].

 The purpose of the present study was to understand hardness dis-
tribution on the surface of biological bodies. To do this, we studied the 
characteristics of two types of commercially available pressure-type 
hardness measurement devices that do not require an external analysis 
system and one type soft rubber hardness measurement device, based 
on model measurement data.

Methods
Assessment of measurement device characteristics

 For measuring hardness, a muscle hardness tester (NEUTONE 
Muscle Hardness Tester TDM-N1; TRY-ALL Co., Ltd.; TDM), a 
muscle hardness meter (Muscle Hardness Meter PEK-1; IMOTO  
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Abstract
 The use of palpation for measuring the hardness of soft biological 
tissues is essential for the diagnosis of pathological conditions and 
for determining the therapeutic effects of manipulative therapy. How-
ever, the clinical assessment of hardness distribution is subjective 
and based on a therapist’s experience and intuition. Thus, it would 
be useful to further develop these assessments to be both objective 
and quantifiable. To understand hardness distribution on the surface 
of biological bodies, we studied the characteristics of two types of 
commercially available pressure-type hardness measurement de-
vices that do not require an external analysis system and one type 
soft rubber hardness measurement device, based on model mea-
surement data. For measuring hardness, three devices were used: 
NEUTONE TDM-NA1, PEK-1 and ASKER Durometer Type F. A dig-
ital cooking scale KD-320 was used to measure load. For the hard-
ness model, three layered sheets of six types of gel sheets of Type 
V acupuncture practice pads and the in duration-embedded model 
were used. Measurements the hardness of each gel was measured 
10 times each at stand angles of 0º, 12º, 23º, 35º, 45º and 60º. Load 
during measurements at 0° was determined. Furthermore, the in 
duration model was measured at multiple points and compared the 
contour map. PEK-1 allows the measurement of a range of objects 
from soft to hard at low pressure loads. It is well suited for multiple 
point measurements. TDM-D1 characteristics were able to be clari-
fied, which were ideal for measuring objects that were relatively hard 
and that could be stably pressurized. With these points in mind, it 
was determined that the PEK-1 was ideal for determining the hard-
ness distribution of biological surfaces.
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MACHINERY Co., Ltd.; PEK), and an Asker hardness meter (ASK-
ER Durometer Type F; KOBUNSHI KEIKI Co., Ltd.; A–F) were 
used (Figure 1) [6,15].

 The TDM is composed of a hardness meter adapted from the PEA-
COCK durometer (OZAKI MFG. CO. LTD.), and its tip portion is 
composed of a 30-mm diameter step bottom portion, and a rotatable 
ball-sharp bottom portion(approximately 4.5 mm diameter) measur-
ing piece corresponding to the indenter point which protrudes 2.54 
mm from the base surface. The force exerted to the ball-sharp bottom 
portion by the object pressing at a certain force is considered as the 
hardness index, and it shows relative hardness values from the mea-
surement device between 0 and100. One hundred indicates that the 
measurement device tip is on the same side as the object and is hard. 
The PEK tip is composed of the main axis and auxiliary cylinder with 
different spring strengths. A hardness index of 0‒100indicates that 
a relative comparative value of 10× is the shift distance of the main 
axis (mm) when the auxiliary cylinder is shifted by 10mm. The main 
axis corners 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 the stability of the contact and pressing force for support. 
When measuring hard objects, the main axis and auxiliary cylinder 
shift in a uniform manner. As their shift distance is large, the mea-
sured value will also be large. For measuring soft objects, as the shift 
distance of the main axis is smaller than that of the auxiliary cylinder, 
the measured value will be small. A–F is composed of an 80 mm in 
diameter pressurized foot that comes into stable contact with the ob-
ject to obtain an appropriate reference point for measuring materials, 
particularly those that are soft, and a 25.2-mm cylindrical indenter 
point that protrudes 2.54 mm from the base side. The reaction force 
exerted on the indenter point from the object when the A-F is placed 
onto the object of measurement (there is no need press the A-F into 
the object) is indicated by 0 to 100. It is also suitable for measuring 
materials where stress mitigation occurs.

 For the hardness model, three layers of six types of silicone gels 
of various hardness were used [measuring approximately 90 × 60 × 
6mm, in order of soft to hard (SG-a, b,-c, -d, -e, and -f) from lay-
ered Unico Type V acupuncture practice pads (NISSIN MEDICAL 
INDUSTRIES Co., Ltd.]; these are used in acupuncture education in 
Japan. Measurements were taken on a laptop angle adjustable stand 
(GORODE21Goro ne de sk, THANKO Co.).

 Each gel’s hardness was measured at stand angles of 0º, 12º, 23º, 
35º, 45º and 60º to the horizontal. For each angle paired with a gel, 
measurements were 10 times in each case. For 0º only, a digital cooking 
scale (KD-320 TANITACo.) was used to concurrently measure load. 
 

For the load at the time of measurement, the units were changed from 
the default grams (g) displayed on the scale tonewtons (N) to find the 
minimum, maximum, and mean values and standard deviation (SD) 
and Coefficient of Variation (CV) for each angles (each 60 sets. The 
mean and Standard Deviation (SD) for each silicone gel was found.

 Hardness was indicated in values relative to the numbers in the 
measurement device between 0 and 100 without units. First, the 
mean, SD and CV of each silicone gel were found at 0º; the range was 
found by subtracting the minimum mean from the maximum mean. A 
multiple comparison test (Tukey’s) of the silicone gel for each mea-
surement device and a correlation analysis (Pearson’s) between the 
measurement devices were performed. Next, statistical comparisons 
were performed with a multiple comparison test (Dunnett’s) with 0º 
as the control to measure the effects of angles. GraphPad Prism 6J for 
Windows was used, and p ≤ 0.05 was considered to indicate statistical 
significance.

Expression of hardness distribution

 In a 140 × 140 × 40-mm silicone gel block, two hemispherical 
silicone types of different hardness were embedded (A: mixture of 
AskerC19 and silicone gel, B: addition of 50% JIS A40 and 50% Ask-
erC19 to A with a 1 maculating) so that the apex of the hemispheres 
was positioned 5 mm from the surface. This was used as the in dura-
tion embedded model (NAKAMURA BRACE Co. Ltd.) (Figure 2). 
Measurements were taken on 11 × 12 square grids; Microsoft Excel 
2010 for Windows was used to create and compare a contour and 
three-dimensional contour map.

Results
Measurement device characteristics

 The minimum and maximum loads at the time of measurement 
were 16.9-21.8 N for TDM, 3.3-6.7 N for PEK, and 5. 1-5.1 N (all the 
same loads) for A-F. The mean ± SD was highest for TDM at 19.2 ± 
1.1 N, followed by PEK at 5.2 ± 1.1 N and A-F at 5.1 ± 0.0 N. The 
CV was smallest for A–F at 0.0%, followed by 5.5% for TDM and 
21.0%for PEK. For PEK, the harder the object, the more the load at 
the time of measurement tended to increase (Table 1).

 TDM was treated at 0 as the needle did not move for SG-a, which 
was the softest. The multiple comparison of values from the six types 
of silicone gels for each hardness demonstrated a statistically signif-
icant difference for all combinations of TDM with the exception of 

Figure 2: In duration embedded model. A is harder than B.

Figure 1: Hardness meter. A: TDM-N1, B: PEK-1, C: ASKER Durometer Type F.
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the combination between SG-a and -b. Correlation analysis revealed a 
strong and significant positive correlation between TDM and PEK (r 
= 0.095, p < 0.0001), TDM and A–F (r = 0.910,p = 0.0118) and PEK 
and A–F (r = 0.925, p = 0.0082); however, the order of hardness of the 
silicone gel was a < b< c < d < e < f for TDM and PEK and a < b < c 
< e < f < d for A–F. The range was widest in the order of PEK, 55.6> 
TDM, 35.0 > A–F, 24.5. CV was large when measuring soft objects 
with TDM (Table 2).

 In measurement with different stand angles, measurements could 
not be made with A-F for angles of ≥23º. Multiple comparison test 
results for A-F showed a significant difference in 7 of 12 combina-
tions of measured values at 0º. InPEK, there were no combinations in 
which significant differences were observed, and in TDM, there was 
a significant difference observed at 0º and 23º with SG-e (p <0.05) 
(Figure 3).

Expression of hardness distribution

 Minimum and maximum TDM and PEK values were 0 and 37 
and 24 and 65, respectively. The calibration axes for TDM and PEK 
were 0-50 and 20-70, respectively and using these axes; a wireframe 
contour chart was created. Both measurement devices captured the 
hardness differences between A and B inside the in duration mod-
el. Form extraction was more pronounced with PEK than with TDM 
(Figure 4).

Discussion

 The order of hardness of the six types of silicone gel used in the 
present study matched the order of the TDM and PEK measured val-
ues, but it did not match those of A-F. A-F is a hardness measurement 
device that measures the surface perpendicular to gravity. Therefore, 
this measurement device is ideal for measuring materials in which 
stress mitigation occurs. The phenomenon of stress mitigation can be 
explained by the Maxwell model, which places an elastic spring and a 
viscous dashpot in series (Figure 5) [16]. Immediately after a certain 
amount of displacement occurs due to a pressing force, the rapidly re-
acting spring becomes compressed to generate stress δ0 to compress 
the spring.

TDM PEK A-F

min. - max. 16.9 - 21.8 3.3 - 6.7 5.1 - 5.1

mean ± S.D. 19.2 ± 1.1 5.2± 1.1 5.1 ± 0.0

C.V. 5.5 % 21.0 % 0.0%

SG-a 18.3 ± 1.0 3.9 ± 0.4 5.1 ± 0.0

SG-b 19.6 ± 0.7 4.0 ± 0.4 5.1 ± 0.0

SG-c 19.2 ± 0.9 5.1 ± 0.4 5.1 ± 0.0

SG-d 19.8 ± 1.4 5.7 ± 0.4 5.1 ± 0.0

SG-e 19.1 ± 0.7 6.1 ± 0.2 5.1 ± 0.0

SG-f 18.8 ± 0.6 6.6 ± 0.1 5.1 ± 0.0

mean± S.D.
%C.V. TDM PEK A-F

SG-a 0.0 ± 0.0
0.0 %

17.2 ± 0.4
2.5 %

45.2 ± 2.0
4.4 %

SG-b 1.1 ± 0.7
67.1 %

24.5 ± 0.5
2.2 % 

47.0 ± 1.7
3.6 %

SG-c 14.0 ± 1.9
13.5 % 

43.0 ± 0.0
0.0 %

59.8 ± 1.3
2.2 %

SG-d 23.0 ± 1.6
7.1 %

58.0 ± 0.5
0.8 %

73.7 ± 1.1
1.4 %

SG-e 26.9 ± 1.3
4.8 %

63.6 ± 0.7
1.1 %

64.3 ± 1.1
1.6 %

SG-f 35.0 ± 0.9
2.7 %

72.8 ± 0.9
1.3 %

69.7 ± 1.1
1.5 %

range 35.0 55.6 24.5

Table 1: Load at the time of measurement. TDM and A-F are constant; PEK changes 
according to the hardness of the object.

Table 2: Sheet hardness by the machine model. The range was wide for PEK. For 
TDM, SG-a was 0 and the coefficient of variation of SG-b was large. The order of 
hardness for A–F was different from those for TDM and PEK.

Figure 3: Sheet hardness by each angle by the machine model. TDM: Significant dif-
ference at 0º and 23º of SG-e (p < 0.05). A-F: A measurement could not be taken at 
angles ≥23º; significant difference in 7 groups (P < 0.01).

Figure 4: Contour plan of the in duration embedded model. Difference in hardness of 
A and B detected in both measurement devices. However, the shape was clearer with 
PEK.
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 After that, the spring compresses the dashpot to gradually shorten 
it. Although displacement is constant, the distance that the dashpot 
shortened will be re-extended over time by the spring and the stress δt 
that compresses it gradually decreases. TDM and PEK assess elastici-
ty immediately after displacement as hardness, whereas A–F assesses 
hardness, including viscoelastic mechanic behaviors that cause stress 
mitigation; the difference in the assessed parameter is the primary 
factor explaining this discrepancy. Although A-F is ideal for assess-
ments, including those of viscoelastic mechanic behaviors, it requires 
a certain amount of time to make the measurements, and it can be 
affected by the measurement angle; therefore, it was determined to be 
unsuitable for capturing the hardness distribution of biological body 
surfaces.

TDM, which operates on the same durometer measurement mecha-
nism as A-F, was differentiated from A-F by adding sound and light 
features that notified the researchers about the measurement effects of 
the surface angle at a constant load. In contrast, PEK uses a relative 
shift distance of the main axis to the shift distance of the auxiliary cyl-
inder as the indicator of hardness. Therefore, it is not affected by the 
angle of the measurement surface. In static pressing force hardness 
measurements, constant contact force, instantaneous pressure during 
constant distortion, or instantaneous distortion (displacement) was 
used as an indicator, and many other types are also being developed 
for research [3,4]. Types that measure and analyze the relationship of 
load displacement in dynamic viscoelastic measurement are affected 
by the angle of the measurement surface or pressing degree distance 
[6,7]. However, static pressing force types are presumed to be less 
likely affected.

 The load at measurement (Table 1) was 19.2 ± 1.1 for TDM, 
whereas it fluctuates between 3.3 and 6.7 N in PEK depending on the 
hardness of the measured object (mean = 5.2 N). A strong correla-
tion was observed between the measured values of TDM and PEK; 
however, in TDM, the hardness value of SG-a was 0. SG-f was 35.0 
± 0.9 N, which was very small compared to 72.8 ± 0.9 N for PEK. 
The range was narrower for TDM (35.0) compared to PEK (55.6), 
indicating lower sensitivity. There is the possibility that sensitivity  

is improved by changing the load at the time of TDM measurement. 
However, the results of measurement method comparisons by a con-
stant contact depth and contact force in pressing force-type hardness 
measurements have indicated that a scheme based on constant contact 
depth was superior in sensitivity [2]. Therefore, it is possible that the 
measurement mechanism influences sensitivity. The silicone gel that 
was used as an object for measurements in our study simulated the 
hardness of biological soft tissues and is used by Japanese acupunc-
turists to practice acupuncture or palpation. Acupuncturists focus not 
only on hard areas as reaction points but also on softer areas com-
pared to surrounding tissues in the human body surface local region. 
Therefore, PEK is superior for making an objective assessment of 
hardness that is useful in clinical acupuncture practice; whereas TDM 
can be presumed to be better suited for measuring harder objects than 
SG-f. It is essential to make a selection adapted to the object as cor-
relation between the measurements of both PEK and TDM and mus-
cle deformation have been reported [17,18].

 We were able to confirm using numerical values that the range of 
hardness for the in duration-embedded model we used was similar to 
the six types of silicone gel. Given that, we were able to detect differ-
ences in hardness of the two types of embedded silicone of different 
hardness in both TDM and PEK. TDM was believed to be ideal for 
measuring parts with structures of the same hardness on which a sta-
ble load could be applied from the point structure to the stem bottom 
(30-mm external diameter). The structure of PEK allows measure-
ments to be made even when the main axis and auxiliary cylinder are 
separated by 7 mm and when the full surface of the auxiliary cylinder 
is not in contact with the object. Therefore, shape extraction of the 
hemisphere was superior in PEK.

Conclusion
 PEK allows the measurement of a range of objects from soft to 
hard at low pressure loads. It is well suited for multiple point mea-
surements. TDM characteristics were able to be clarified, which were 
ideal for measuring objects that was relatively hard and that could 
be stably pressurized. With these points in mind, it was determined 
that the PEK was ideal for determining the hardness distribution of 
biological surfaces.
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