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Figure 6. SPL as a function of frequency using the 3M Littmann Electronic Stethoscope
Model 3200 amplified stethoscope for (A) heart, (B) lung, and (C) bowel sounds.
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Figure 7. SPL as a function of frequency using Cardionics E-Scope II amplified
stethoscope for (A) heart and (B) lung sounds.

The results showed that the primary frequencies affected for normal heart sounds
were between 50 and 400 Hz; lung sounds were between 50 and 600 Hz, and bowel
sounds were between 50 and 300 Hz. It was found that even when taking the ear tips out
of KEMAR’s ears between runs, that each trial showed nearly the same amount of SPL at
the same frequencies for each sound. For the Sprague unamplified stethoscope,
essentially the same amount of SPL was produced for all three bodily sounds (30 to 40
dB SPL; see Figure 1). For the Littmann Cardiology III unamplified stethoscope,
approximately 80 to 90 dB SPL was produced when listening for normal heart and lung
sounds as compared to bowel sounds, which showed about 25 to 30 dB SPL (see Figure
2). For the Littmann Classic II SE unamplified stethoscope, the most SPL was visualized
when listening to bowel sounds (approximately 50 to 60 dB SPL) while the SPL for the

heart and lung sounds was comparable (approximately 20 to 30 dB SPL; see Figure 3).
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Results for the amplified stethoscopes generally showed higher SPL values when
compared to SPL values for the unamplified stethoscopes. For the Philips amplified
stethoscope, approximately 60 to 70 dB SPL was produced when listening to normal
heart sounds whereas normal lung sounds revealed an SPL between at approximately 70
to 90 dB SPL. When listening to normal bowel sounds with the Phillips amplified
stethoscope, an SPL between 40 and 55 dB SPL was produced (see Figure 4). For the
Littmann Model 3200 amplified stethoscope, the SPL produced when listening to heart
sounds was between 50 and 75 dB; normal lung sounds showed approximately 50 to 95
dB SPL. When listening to normal bowel sounds, SPL produced was between 55 and 70
dB SPL. Lastly, the E-Scope II produced the most SPL for normal heart and lung sounds
between 80 and 110 dB SPL. The acquired E-Scope II did not provided a mode to listen
to bowel sounds.

Comparison of Stethoscopes

Furthermore, the two trials (from 20-10,000 Hz) were averaged for each
stethoscope and body sound to determine a mean curve for each stethoscope and body
sound. Figures 8-10 show average SPL values as a function of frequency for each
stethoscope for heart, lung, and bowel sounds. As mentioned before, previous research
indicates that typical heart sounds range from 20 to 660 Hz (Callahan, 2007); normal
breathing ranges from 150 to 1,000 Hz (Callahan, 2007), and normal bowel sounds are
reported from 100-1,000 Hz (Nursing, 2000). This study revealed, the most SPL
produced for normal bowel sounds was between 50 and 300 Hz; for normal heart sounds
the range was between 50 and 250 Hz, and normal lung sounds ranged from 50 and 500

Hz. Therefore, for Figures 8-10, the following frequencies were chosen to compare
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unamplified and amplified stethoscopes: heart (20 to 700); lung (20 to 1,000), and bowel

(25 to 1,000) sounds Due to the low frequency nature of the normal body sounds, it was

not imperative that frequencies above 1,000 Hz be included.
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Figure 8. SPL as a function of frequency for heart sounds for six stethoscopes (three

unamplified and three amplified).
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Figure 9. SPL as a function of frequency for lung sounds for six stethoscopes (three
unamplified and three amplified).
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Figure 10. SPL as a function of frequency for bowel sounds for five stethoscopes (three
unamplified and three amplified). Note: E-Scope II was not used due to inability to use a
bell for bowel sounds.

For heart sounds, descriptive statistics showed the unamplified stethoscope that
provided the most SPL was the Littmann Cardiology III with a peak SPL of 82 dB SPL.
In comparison, the Littmann Classic SE and the Sprague were comparable in SPL with
the peak values at 31 and 33 dB SPL, respectively. Moreover, amplified stethoscopes
showed that the E-Scope II provided the most SPL with a peak at 113 dB SPL. The
Littmann Model 3200 provided the next highest SPL for amplified stethoscopes with the
peak SPL seen at 75 dB while the Phillips amplified stethoscope provided the least
amount of SPL with a peak SPL of 73 dB. It should be noted that the Littmann
Cardiology III unamplified stethoscope provided slightly more SPL for heart sounds than

the Littmann 3200 and Phillips amplified stethoscopes. These results suggest that the
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Littman Cardiology III is the best unamplified stethoscope for practitioners to use, even
surpassing the SPL produced by some amplified stethoscopes. Furthermore, in terms of
amplified stethoscopes, the recommended stethoscope would be the E-Scope 11, at least
when listening to normal heart sounds.

For lung sounds, the unamplified stethoscope that provided the most SPL was the
Littmann Cardiology III with a peak SPL of 85 dB while the Littmann Classic II SE and
the Sprague unamplified stethoscopes produced similar SPL with the largest peaks at 31
and 32 dB SPL, respectively. In regards to the amplified stethoscopes for lung sounds,
the E-Scope II again produced the most SPL with a peak of 104 dB SPL. The Littmann
3200 and Phillips stethoscopes provided similar SPL with a peak value of 96 and 97 dB
SPL, respectively. For those practitioners listening for lung sounds looking for an
unamplified stethoscope, the Littmann Cardiology III would be the best choice. This
stethoscope’s SPL is only slightly surpassed by the SPL of several of the amplified
stethoscopes tested. These results further suggest that for practitioners with and without
hearing impairment looking for an amplified stethoscope for lung auscultation,
consideration should be given to the E-Scope II.

For bowel sounds, the unamplified stethoscope that provided the most SPL was
the Littmann Classic II SE with a peak SPL of 59 dB. The Littmann Cardiology provided
the next highest SPL with the peak observed at 43 dB SPL, and the Sprague produced the
least amount of SPL with a peak of 29 dB SPL. When comparing amplified stethoscopes
for bowel sounds, there were only two stethoscopes measured due to the E-Scopes
inability to convert to a bell. The amplified stethoscope that provided the most SPL was

the Littmann 3200 with a peak SPL of 71 dB while the Phillips amplified stethoscope
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produced an SPL of 57 dB. It should be noted that the Littmann Classic II SE provided
more SPL for bowel sounds than the Phillips amplified stethoscope. Based on these
results, the best unamplified stethoscope for diagnosis of normal bowel sounds would be
the Littmann Classic II SE. Furthermore, for practitioners with and without hearing loss
wanting to assess bowel sounds with an amplified stethoscope, the Littmann Model 3200
would be recommended.

In summary, when looking at unamplified stethoscopes and listening to normal
heart and lung sounds, the unamplified stethoscope that should be considered is the
Littmann Cardiology III. For normal bowel sounds, the stethoscope that should be
considered is the Littmann Classic II SE. When looking at amplified stethoscopes and
normal heart and lung sounds, the stethoscope that should be considered is the E-Scope 11
The amplified stethoscope that should be considered when listening to normal bowel
sounds is the Littmann Model 3200. Overall, when considering an unamplified
stethoscope for general auscultation, a practitioner should consider the Littmann
Cardiology III unless they are a specialist which requires particular attention to bowel
sounds. This stethoscope, in some cases, provided more SPL than some of the amplified
stethoscopes tested in this study. For those considering an amplified stethoscope for

general auscultation, the E-Scope II should be considered.



Chapter V
Discussion

The purposes of the current study were as follows: 1) to determine the effect of
stethoscope type (unamplified versus amplified) on SPL production and 2) to compare
amplified stethoscope performance when listening to normal body sounds. A total of six
stethoscopes (three unamplified and three amplified) were used in the study. Each
stethoscope was used to measure the SPL produced in KEMARs ears for normal heart,
lung, and bowel sounds. The average of two trials was used for data analysis.
Furthermore, individual data analysis along with previous research showed that the
frequencies of interest for normal heart sounds were from 20 to 700 Hz; for normal lung
sounds were between 20 and 1,000, and for normal bowel sounds were from 25 to 1,000
Hz. These frequencies were plotted to show the overall/peak SPL of each stethoscope
(see Figures 8-10).

As stated previously, the first purpose of the present study was to determine the
effect of stethoscope type (unamplified versus amplified) on SPL production. The results
revealed that the amount of SPL produced was somewhat affected by type of stethoscope.
For example, the SPL of the Littmann Cardiology III unamplified stethoscope exceeded
that of the Littmann Model 3200 and Philips amplified stethoscopes when listening to
heart sounds. However, two of the unamplified stethoscopes (Littman Classic I and

Sprague) produced SPLs much less than all the other stethoscopes. The E-Scope 11
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(amplified), as expected based on the nature of amplified stethoscopes, produced more
SPL than all other scopes when listening to heart sounds.

For normal lung sounds, the Littmann Cardiology III was also very close in SPL
production to the Littmann 3200 and Phillips amplified stethoscopes, exceeding their SPL
at certain frequencies. It, however, did not exceed SPL produced by the E-Scope II.
Furthermore, like for normal heart sounds, there were two unamplified stethoscopes
(Littman Classic II SE and Sprague) that produced SPLs much less than all stethoscopes.

For normal bowel sounds, the Littmann Classic II unamplified stethoscope
produced similar SPLs when compared to the Phillips amplified stethoscope. However,
the Littmann Classic II did not produce SPLs near that of the Littmann Model 3200
amplified stethoscope. Furthermore, like for normal heart and lung sounds, it was found
that two unamplified stethoscopes (Sprague and Littmann Cardiology III) produced SPLs
much less than all others.

Results for the unamplified stethoscopes were expected based on previous
research. First, it was expected that the unamplified stethoscopes would provide less SPL
than the amplified stethoscopes due to the electronic nature of amplified stethoscopes. It
was also expected that the Littmann Cardiology III stethoscope would produce more SPL
that the other unamplified stethoscopes as this stethoscope is preferred among
practitioners. For example, Grenier et al. (1998) found after evaluating amplified and
unamplified stethoscopes that practitioners preferred the Littmann Cardiology I mostly
due to the introduction of ambient noise by amplified stethoscopes, their lack of
sensitivity to impact, manipulation, and the inability to have standard bell and diaphragm

filtering. Likewise, Abella et al. (1992) found that the Littmann Cardiology II stethoscope
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provided the most stable performance in attenuating outside noise. Furthermore, results
for the amplified stethoscopes were expected based on previous results that showed the
E-Scope II provided the most SPL for heart and lung sounds but was limited when it
came to bowel sounds. The Littmann Model 3200 provided the most SPL for bowel
sounds. In agreement, Gu et al. (2010) found that when using the E-Scope I,
practitioners were able to identify normal body sounds 78% of the time.

In relation to the comparison of unamplified versus amplified stethoscopes, the
results were somewhat expected. Unamplified stethoscopes should not provide additional
amplification to the sounds being assessed. Due to this, we did not expect the SPL of any
unamplified stethoscope to exceed that of an amplified stethoscope. Therefore, we did not
expect the SPL of Littman Cardiology III (unamplified) stethoscope to surpass that of
two of the amplified stethoscopes. On the other hand, there has been previous research
that showed unamplified stethoscopes preform the same as amplified stethoscopes. For
example, Iversen and colleagues (2005) found that when comparing the Littmann Model
400 (amplified) and the Littmann Classic II (unamplified) stethoscopes, there was no
difference in the practitioner’s ability to diagnose sounds. Likewise, Hoyte et al. (2005)
found that there were no mean differences when listening to and diagnosing sounds using
amplified and unamplified stethoscopes. Additionally, Dolan et al. (2001) found that
practitioners with normal hearing preferred to listen to amplified stethoscopes because
they preferred to listen at levels that the unamplified stethoscope could not achieve.
Stethoscopes and Practitioners with Normal Hearing

For the practitioner with normal hearing, it is assumed that an unamplified

stethoscope provides adequate SPL for diagnostic purposes, as these are the types of
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stethoscopes typically chosen by practitioners with normal hearing. Based on the current
study, the best unamplified stethoscope to use when listening to and diagnosing normal
heart and lung sounds is the Littmann Cardiology III; for heart sounds, this stethoscopes
appears to provide the most SPL between 50 and 250 Hz. For lung sounds, this
stethoscope appears to provide the most benefit between 50 and 500 Hz. Furthermore,
when listening to and diagnosing bowel sounds the unamplified stethoscope providing
the most SPL is the Littman Classic II SE; the most SPL is seen 50 and 300 Hz. In short,
for practitioners with normal hearing looking to use a traditional unamplified stethoscope,
the results for this study suggests that the best stethoscope for general assessment would
be the Littmann Cardiology I1I. However, for a practitioner who primarily assesses bowel
function (e.g., gastroenterologist), the Littmann Classic II SE would be the best
stethoscope to utilize. Moreover, even those with normal hearing may benefit from the
amplification provided by the amplified stethoscope when in a noisy clinic.
Stethoscopes and Practitioners with Hearing Loss

In agreement with Atcherson (2010), this research revealed that those
practitioners with primarily high frequency hearing loss could still practice with a
traditional unamplified stethoscope. However, they may find difficulty when the clinic
environment is noisy. For those practitioners with low frequency hearing loss, however,
an amplified stethoscope would be most beneficial. When comparing the results of the
amplified stethoscopes, the E-Scope II produced the most SPL for normal heart and lung
sounds. For normal heart sounds, this stethoscope appears to provide the most SPL
between 50 and 250 Hz and produced an approximate SPL of 31 dB more the next

loudest amplified stethoscope, the Littmann Model 3200 stethoscope. For normal lung
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sounds, the E-Scope II appears to provide the most SPL between 50 and 500 Hz and
produced a SPL of 20 dB more than the next loudest stethoscope, the Littmann Model
3200. For normal bowel sounds, maybe due to the limitation of the provided E-Scope 11
not having a bell, the Littmann Model 3200 produced the most SPL between 50 and 300
Hz, and was approximately 6 dB louder than the Phillips amplified stethoscope.

In a typical diagnostic hearing assessment for listeners with suspected hearing
loss, octave frequencies between 250 and 8,000 Hz are tested. Therefore, due to the
standard measure of hearing thresholds, it is often difficult to determine if the
practitioners hearing is normal at frequencies to hear some bodily sounds. For example,
in the current study the unamplified stethoscope (Littmann Cardiology III) and amplified
stethoscope (E-Scope II) producing the most SPL for heart and lung sounds showed the
most SPL between 50 and 250 Hz (heart) and 50 and 500 Hz (lung). Likewise, the
unamplified stethoscope (Littmann Classic II SE) and amplified stethoscope (Littmann
3200) producing the most SPL for bowel sounds showed the most SPL between 50 and
300 Hz. Due to standard audiometric testing not being completed below 250 Hz,
audiologist cannot speak to hearing sensitivity for practitioners at many of the important
frequencies for measuring normal heart, lung, and bowel sounds. One way to somewhat
overcome this challenge would be to measure hearing sensitivity at 125 Hz on patients
that reported regular stethoscope use. It should be noted, however, that Atcherson et al.
(2015) points out that most body sounds are broad band in nature, thus allowing more
area of the cochlea to be stimulated and possibility audible to the listener. This
information begs the question could all practitioners benefit from an amplified

stethoscope to ensure adequate diagnosis of low level, low frequency body sounds?
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For patients with hearing loss, the used of a stethoscope can become challenging.
Fit can become a hassle when trying to use both a hearing instrument as well as the ear
tips of the stethoscope. The dual pieces in the ear can cause excess pressure in the canal
that over time can cause pain in the canal. Also, if not coupled properly, accuracy of the
sounds heard could be compromised. The key for accurate auscultation for those wearing
hearing aids and using a stethoscope, whether amplified or unamplified, is appropriate fit
(Bankaitis, 2010). Moreover, hearing aids typically amplify frequencies sounds and are
verified from 250 to 8000 Hz with high frequency roll off occurring around 4000 Hz.
This does not encompass the low frequencies of interest when measuring normal heart,
lung, and bowel sounds. Thus, similar to being unable to ensure those with normal
hearing are accurately interpreting these sounds, there is no way to know if those with
low frequency hearing loss are receiving enough benefit from hearing aids to
appropriately hear these sounds.

Another option could be for the patient to remove their hearing instrument during
assessment and use an amplified stethoscope. Insertion of the hearing instrument would
then be required to continue the appointment with the patient once assessment was
completed. This avoids the potential inaccuracy caused by inappropriate coupling and the
pressure put on the ear canals; however, this introduces the inconvenience of removal and
reinsertion of hearing instruments, potential introduction of bacteria to the practitioners
hearing instruments, and potential for misplacement of the instruments (Bankaitis, 2010).
Conclusions and Future Research

In summary, the current research found that for practitioners with normal hearing

or high frequency hearing loss, an unamplified stethoscope would suffice for appropriate
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diagnostics of typical body sounds. Specifically, those practitioners assessing heart and
lung sounds regularly should consider the Littmann Cardiology III and those primarily
assessing bowel sounds should consider the Littmann Classic II SE. In regards to
amplified stethoscopes, practitioners with normal hearing as well as all degrees of
hearing loss can benefit from the amplification provided, especially when in a busy or
noisy clinic environment. Specifically, those practitioners primarily assessing heart and
lung sounds should consider the E-Scope II and those primarily assessing bowel sounds
should consider the Littmann Model 3200.

Future research should be conducted using abnormal bodily sounds to determine
the frequencies of interest and SPL produced by stethoscopes for these sounds. Future
research could also determine how the stethoscopes preform on a human ear rather than
using KEMAR. This information would determine if the SPL produced using KEMAR
was similar to that of the human ear. Research could also be conducted using
practitioners with hearing loss who wear hearing instruments to determine how sounds
would be produced with the use of hearing instruments. This research could provide
practitioners with hearing loss insight on which stethoscope couples and produces the
most SPL with their instrument style. Additionally, research could be completed with
different stethoscopes, both unamplified and amplified, and compared to the results found
in this study to determine if another stethoscope on the market provided more SPL than

those tested in the current study.
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Sound and Vibration Assistant
Settings for Measurements

Using KEMAR
1) Insert stethoscope ear tips to KEMAR’s ears and chestpiece to speaker pad.
2) Open sound and vibration assistant.
3) Add step
a) Acquire signal
i.  DAQmx acquire
ii.  Analong input
iii.  Sound pressure
b) Under configuration; channel settings
i.  Choose Devl/aio
¢) Sound pressure setup; settings
i.  Max level (dB)= 100
ii.  Scaled units= custom
ili.  Sensitivity= 10.5
iv.  lex source= internal
v. lex value (A)=2m
vi.  Sensitivity units= mv/Pa
vii.  Terminal Configuration= Pseudodifferential
viii.  dB reference= 20u
ix.  Custom scaling= linear
d) Timing Settings
i.  Acquisition mode= continuous samples
ii.  Samples to read= 25000
iii.  Rate=25k
4) Add Step
a) Analysis
1. Frequency domain measurements
ii.  Octave analysis
iii.  Input=sound pressure
iv.  Configuration
v.  Bandwidth=1/12 octave
vi.  Weighting= linear
vii.  Frequency range= low frequency: 20 high frequency= 10000
vili.  Averaging= linear
ix.  Recording options= choose sound pressure
5) Push play for sound (heart, lung, bowel)
6) Click run to collect data
7) Click stop after 30 seconds
8) Add step
a) Load/save signals
b) Save to ASCII/LVM
9) Copy and paste X/Y values to .txt file

10) Delete Save to ASCII/LVM step
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11) Repeat Steps 1, 6, 7 and 8 for lung and bowel sounds
12) Export data to Excel
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