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Figure 3 . The upper diagram shows an acoustic spectrum analysis(ASA) of S3
with PCG in lower diagram (of 18 y.o. healthy woman) .
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Figure 4. This upper diagram shows SAS recorded from 55 y.0. man with congestive
heart failure and 54 gallop rhythm
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New Extensible Diaphragm Stethoscope and

Self-Evaluation Method Improving Auscultation Skills

Tsunekazu Takashina, MD,PhD,*
Torakazu Muratake, BSc**
Fujiki Kiyosi, BSc, MBA. Pharm***

SUMMARY:

Background: This is a study of development of a new extensible diaphragm
stethoscope (NEDS), that uses of one silicone membrane, instead of an

extensible diaphragm stethoscope(EDS) previously reported?, is NEDS superior
or not, in lower range (lower than 60Hz) of sound frequency.

Methods and Results: At the first stage of study, (A) sound frequency analysis of
lower frequency sound (S3 and S4), and (B) acoustic spectrum analysis of S3 and
S4 sounds (below 60Hz) was done, recorded by NEDS and EDS. As these results
shown, NEDS is superior to capture the lower frequency heart sounds (S3 and S4)
than EDS. At the second stage, authors emphasized that the most important thing
of auscultation is capability to capture S3 and S4 in lower range of sound frequency.
Two of the authors, developed a self-evaluation method of listening S3 and S4.
Conclusion: (1) NEDS is superior that EDS in the lower frequency (below 60Hz)
(2) A new self-evaluation method of auscultation was developed to capture lower
frequency heart sounds such as S3 and S4,

Key Word; New Extensible Diaphragm Stethoscope: Self-evaluation method for

auscultation

MAIN DOCUMENTS:

In 1816, a French physician, Rene T. Laénnec, invented the wooden
stethoscope?. After this, forms and materials of stethoscopes have been modified.
Throughout years, product improvement continued.

In recent years, stethoscopes have gradually losing their significance as
important diagnostic systems. And today, there is some controversy concerning
the significance of the cardiac auscultation in various clinical settings?4.5.6.7.8),

Even today, some of cardiologists and general physicians believe that the bell-

shape stethoscope (BSS) is most suitable stethoscope for listening lower
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frequency heart sound, such as S3 or S4. Also, some cardiologists claim that the
stethoscope is no longer needed in clinical medicine?. Furthermore, in order to
solve this problem, Takashina* modified the diaphragm of EDS and made a new

extensible diaphragm stethoscope (NEDS).

Methods and Results:
The first stage of study:

As authors reported previously?, a chest piece from stainless (50mm ID, 10mm
in thickness) was made, with triangle shaped ring, Imm inside from extended
edge, on the chest piece. The silicone diaphragm (50 mm ID, 1.0mm in thickness)
was placed on this extensive ring and covered by outside ring (54mm OD, shown

in Figure 1.

OD:54mm

i
i
i
1
1
i
i

i
{3

{4

{

{

i [ ID:SOMM-----—---f

{

|:

i

]

1
==

A

Figure 1. A partial cross section of NEDS. As shown in Figure 1, the
silicone diaphragm’s form fixed and the force was extended by
tightening the lid with a spiral groove. By doing so, the whole
portion of the diaphragm was lifted by 3mm (dome shaped), with 2
directional extension forces. Sound volume and clarity were further

increased.

A sound frequency analysis of the silicone membrane (thickness: 1.0mm
ID;50mm) (a) was performed by Muratake**, using Frequency Response
Analyzer and (b) on each diaphragm of EDS and NEDS, 200g and 400g weight
were added like a hand pressure. These results were shown in Figure 2. Dotted
lines represent without weight. Analysis was repeated 5 times.

This result shows a difference of NEDS compared with EDS, in the lower
frequency of heart sounds, such as S3 and S4 in Figure 2.
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As shown in Figure 2, the capacity of NEDS and EDS are evaluated by
capturing heart sounds below 100Hz. NEDS is superior than EDS by capturing
Ss and S4 below frequency of 50Hz. As Muratake** pointed out, there was no big
difference between NEDS and EDS above higher frequency of 100 Hz.

A New Method To Evaluate The Capacity Of a Stethoscope:
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The conventional method to evaluate the capacity of stethoscope was only

limited by sound freauencv analvsis. but not “sound aualitv” or “sound pressure”

(volume). A (NEDS) B (EDS)

S1 S2  S3 S1 S2  S3

PreTest: A(NEDS) show a red portion is wider than B(EDS),
reflecting sound S3 on PCG.

As a PreTest to evaluate the sound quality and pressure (volume) of S3 and
between NEDS and EDS, Fujiki*** compared the result of S3 recorded by NEDS
and EDS, which is shown in PreTest.

Fujiki** analyzed the recorded S3 and S4 from cassette tapes!® through NEDS
and EDS, by use of an acoustic spectrum analyzer (Sound Forge Pro12,
Germany). The result was more than expected, the acoustic spectrum analysis
showed NEDS was definitely NEDS is superior than EDS, in the sound pressure

Frequency[Hz)
¢ 8 E Y aLE

I

|

Figure 3 .The upper diagram shows an acoustic spectrum analysis(ASA) of 53
with PCG in lower diagram (of 18 y.o. healthy woman) .

¢ ¥
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as well as quality of S3 and S4 sounds. The results are shown in Figure 3 and
Figure 4.

Figure 3. shows the acoustic spectrum analysis diagram. The vertical axis is
sound frequency (Hz) and horizontal axis is time(mSec), and the lower diaphragm
shows the tape recorded PCG of S1, S2, S319, obtained from 18 y.o. healthy
woman. The upper diagram shows red portion represents largest sound pressure
and green portion is less pressure, and blue and black shows no sound audible
through stethoscopes. This acoustic spectrum analysis diagram reflects
LV function, which could not be shown by PCG. That is, the frequency of S1

reached above 100Hz, red portion reflects the sound pressure is quite high.

Frequency(Hz)

S4 51 S2 S4 S1 52

aith i it
"‘I\Ijilr'f;-"f'.li!"'liilil-‘a“ =F i|1|'|:l|1!“‘“" 'all'!J'n‘;i_r‘*'“.ILIi_rl-"-'-" ‘““i‘mh,"'“ =

Figure 4. This upper diagram shows SAS recorded from 55 y.0. man with congestive
heart failure and 54 gallop rhythm

Figure 4. showed acoustic spectrum analysis on 55 y.0. man in congestive heart

failure, accompanied by S4 gallop rhythm.

This diagram shows the lower PCG reveals S4 gallop rhythm, and this the
tape recorded PCG of S4, S1 and S2, obtained from 55 y.o. man in congestive
heart failure. The upper diagram shows the first and second cardiac cycle of S4
gallop rhythm, which is revealed by the acoustic spectrum analysis. It is quite
apparent that the frequency of S4, S1 and S2 is under 30Hz, with not much
difference of red or green portion, reveals this patient was in poor LV cardiac
function reflecting he was in the congestive heart failure.

Takashina* performed a double blind study on auscultation. He asked 44
cardiology training nurses listen S3 and S4, using NEDS and EDS alternatively,

placed on the diaphragm of Kikuzo. Forty two out of 44 nurses (95.45%)
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commented that NEDS is superior than EDS, from whole aspects of sound
volume and quality.

In clinical venue, a frequently discussed matter is, which stethoscope is able to
capture heart sounds more loudly, compared with the other. In order to solve this
problem, Takashina* and Fujiki***, made a standard heart sounds, through
“ Auscultation Training System (“Kikuzo”;patented 2018 (N0.63282223) )10, By
using this training system, we obtained basic heart sounds for auscultation

training.

The Second Stage of Study:

Although authors focused on frequency and sound pressure differences of
NEDS and EDS in the first stage, the second stage of study was focused on the
significance how to improve the auscultation skill by a new self-learning device.
Takashina* reported the cardiology patient simulator (Simulator “K”) in 19971,

And now, the Simulator "K” is being widely used in many universities or
educational institutions throughout the world. However, it is difficult to use the
Simulator “K” personally, even they wish to use it. In the first stage of study,
authors also claimed the significance of listening the lower frequency sounds (S3,
and S4) for examiners. Takashina* and Fujiki***, developed a new self-learning
device, as a “Personal Simulator”, to improve auscultation skills, on Web site. So
that, you will able to use it at any time or anywhere.

Human auditory sense, it is difficult to distinguish a small sound, right after
larger sound. As it was already mentioned in the text, authors have been looking
for a new device, you can hear the lower frequency heart sound easily by oneself.
And Takashina* and Fujiki*** developed a new self-training method listening S3
and S4 on Web site, at the same time, by watching phonocardiogram (PCG), until
one is no longer capture S3 and S4, by gradual decrease (such as 150%, 100%, 70%
to 10%) of heart sound volume.

Fujiki*** tested its efficacy of this device to confirm comments made by
nurses when auscultation training course was done at JECCS center on Jan. 25
2020. Some nurses commented, like “S3 is gone”, when they felt S3 no longer

audible, which 1s shown on the diagram on Web-site, which is shown in Figure 5.
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Figure 5. A self- learning training method of heart sounds (S3 and S4), in

low frequency range. A shows S3 and B shows S4.

It is generally true that the human auditory sensor is difficult to recognize
small sound, right after larger sound. However, one is able to recognize lower
frequency sounds (S3 or S4), in certain level of sound volume. At the start point is
150% and gradually decreasing sound to 100%, 70% until 10%, as last point.

Some participants of the training course, commented, “S3 is gone” when they
could not hear anymore, or “S1 and S2 are still audible. By repeating this
training, participants are able to recognize, at what level of percent (%), they are
no longer capture S3 or S4, by themselves.

Authors certainly believe that this self-learning method is an excellent method
to improve auscultation skills, not only for beginners, but for experienced
physicians, who are at the position of teaching auscultation to medical or nursing

students at universities and medical colleges.

Discussions

In last 2 centuries, stethoscopes have provided many benefits for physical
examination, however, there are also disadvantages and inacuracies!?. In the
past few decades, it has generally been considered that mechanical aspects of
stethoscopes have already established. As we mentioned previously, if it would be
possible to hear heart sounds from lower frequency (lower than 60Hz) to higher
frequency (higher than 200Hz), not electronic stethoscopes, but by ordinary
stethoscopes to improve communication between physicians and patients!?, it
should be a quite promising instrument. We certainly believe that EDS can be
applied to any other field of science, and acoustic engineering in the future. As we
already seen in Figure 2,
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NEDS showed a remarkable capacity to capture S3 and S4 (below 60Hz). The
acoustic spectrum analysis is also supporting that capability.

In the second stage of our study, the new self-learning method on Web site, is
an epoch- making device for beginners and also experienced physicians. We
certainly believe that if this new self-learning method can be digitalized and
shown with numerical values, it will bring a great change on bedside diagnosis

and to something new in the future.
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