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Which Stethoscope?

C. S. HAMPTON,*+ M.B., CH.B.; A. CHALONER,** M.B., CH.B.

'3 rit. med. J., 1967, 4, 388-390

The choice of a stethoscope is largely irrational. The newly
fledged medical student is either likely to follow his professor's
choice or buy the latest slim-line model. However, it would
seem that an instrument which is an extension of the clinician's
sensory system should be chosen on some rational basis.

Previous papers on this subject have described tests of
stethoscope components rather than complete instruments.
This would seem to be of limited value, as the acoustic proper-

ties of the complete instrument need bear no direct relation to

that of its components.
Recently several stethoscopes have been manufactured which

have tended to be lighter, more compact, more pleasing in

FPI. 1.-Guy's chestpiece used as " basic."

appearance, and more expensive. In this paper we have
attempted to compare the performance of the newer stetho-
scopes with older and cheaper models.

Materials

The materials used in this experiment were:
(1) Peter's SPD5 audiometer connected to a vibrator unit (bone

conduction).
TABLE I.-Stethoscope Dimensions

Tubing Binaural Chestpiece
Length Length Area of Internal

Stethoscope and and Skin Volume Price
Internal Internal Covered (ml.)
Diameter Diameter (sq. cm.) £ s. d.

Basic stethoscope .. 2 x 40 cm. 2 x 22 cm. 38 229 1 12 6
Guy's chestpiece .. 4-5 mm. 4-5 mm. 8

Leatham r Little bell *2 x 20 cm. 2 x 21-5 cm. 3-8 9 1 4 15 0
stethoscope Big bell . . 3 0 mm. 3-0 mm. 1170 10:1

Ltmn {Bell I. 45mmn. 2x21 cm. 6-0 13-5 }6 0 0{iaphrag-m 4.5 cmm 3-0 mm. 1368 10 8

Sprague- fBell . . 2 x 38 cm. 2 x 22 cm. 4 5 25-7 3 6 0
Bowles Diaphragm 4-5 mm. 4-5 mm. 10 0 2571 6
Allen fBell . . 36 cm. 2 x 25 cm. 5 0 7-8 6 0 0
type V ,Diaphragm 3 0 mm. 3 0 mm. 15 9 7-1

17cm. 1
Wooden monaural Diameter 2-3 4 4

variable J

The internal volumes were measured by filling the stethoscopes with mercury and
measuring the volume of the mercury with a burette.

* Tubing shorter than original length.

(2) Normal human chest.
(3) Stethoscopes.-The stethoscope chosen as " basic " had the

Guy's rubber-ended chestpiece as shown in Fig. 1. Compared with
this basic were: (i) Sprague (Reiger) Bowles bell and diaphragm
(ii) Leatham large and small bells and diaphragm; (iii) Littmann
bell and diaphragm; (iv) Allen bell and diaphragm; and (v) wooden
monaural stethoscope. Dimensions and prices of these stethoscopes
are given in Table I.

The auscultator was the same observer throughout.

Method

A Peter's SPD5 audiometer with a bone conduction vibrator
was used as a source of sound. The audiometer vibrator was

placed in the suprasternal notch of a live human subject. The
auscultator listened for the sound by holding the chestpiece of
the stethoscope on a point 7.5 cm. from the anterior midline
in the fifth right intercostal space of the subject. With the
lowest frequencies the position of the chestpiece was in the
right first interspace 5 cm. from the midline, as in the more

caudal position no signal was received. This arrangement
allowed the emitted vibration to be conducted through the
chest of the subject without either the subject being aware of
the vibration or the auscultator receiving any sound by direct
air conduction.
At each session, lasting about an hour, one frequency only

was considered; the whole range of stethoscope chestpieces was

tested for this one frequency. Output and frequency controls
of the audiometer were recalibrated at the beginning of each
session. Tones interrupted three times per second were used
to facilitate interpretation; the audiometer was operated by
the auscultator. Thirteen frequencies spaced at approximately
equal intervals along the logarithmic scale between 0 and
1,000 c/s were chosen, as the usual auscultatory sounds lie
within this range (Rappaport and Sprague, 1941).
On the Peter's SPD5 audiometer the only frequencies

already calibrated between 0 and 1,000 c/s were 250, 750, and
1,000 c/s. The other frequencies chosen arbitrarily for this
experiment were subsequently calibrated by means of the beat
frequency technique. The apparatus used was a radiometer
beat frequency oscillator HO 32 connected to a 10-in. (25-cm.)
loudspeaker. A stethoscope was used to compare the frequen-
cies emitted by the audiometer vibrator and the loudspeaker,
the vibrator being placed between the stethoscope chestpiece
and the loudspeaker. It was found by this technique that the
250 c/s reading on the audiometer was in fact 240 c/s. The
other frequencies used are given with the results in Table II.

Ten readings for the basic stethoscope were made; the lowest
intensity which could be interpreted was read in decibels from
the audiometer scale-this being taken as the threshold. The
same chest position was used and comparison was made with
the various stethoscopes, there being 10 readings for each chest-
piece bell or diaphragm. Twice during the session a further
10 basic readings were taken, making a total of 30 basic readings

* Demonstrators, Department of Physiology, St. Andrews University, St.
Andrews, Fife.

t Late Medical Registrar, the County Hospital, Dorchester, Dorset.
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for each frequency tested. The procedure was followed for
each of the 13 frequencies.

Results
It was found that on deep inspiration the threshold was

raised by about S db; however, during our experiment the
subject was at rest and breathing was shallow. Under these
conditions the threshold did not vary appreciably with respira-
tion.
Accurate positioning of the chestpiece on the chest wall was

essential for consistent thresholds at the lower frequencies.
Thresholds varied by up to 5 db with changing pressure of

application by the auscultator on the chestpiece. The
threshold values in this paper were obtained by using the
optimal pressure for each stethoscope chestpiece at each
frequency.
The lowest frequency measured by our technique was

73 c/s, owing to the low output of the bone conduction
vibrator at lower frequencies.
The auscultator noted that the subjective quality of sounds

heard via different stethoscopes varied.
The results are set out in Table II. Each figure in this Table

is the mean of 10 threshold determinations, 30 in the case of
the basic stethoscope. Column C gives the standard deviation
of 30 basic thresholds; from these figures some idea of the
consistency of the thresholds may be obtained. Application of
the method of analysis of variance and Student's t test yielded
the figures for column D.

BRITISH
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Statistical significance of the results can be assessed by adding
or subtracting the figure in column D from the basic results.
shown in column B. These limits must then be compared with
the results shown under each stethoscope heading at the same

frequency. Subsequent columns give figures which are the
mean of 10 thresholds for the stethoscopes tested. The
thresholds were measured repeatedly and statistical methods
were applied in an attempt to compensate for threshold incon-
sistencies.

Fig. 2 summarizes the data in Table II. High and low
frequencies were considered separately because of the oft-quoted
axiom that low frequencies are best heard with bells and high
frequencies with diaphragms.

Discussion

Dawson (1964) states that heart and chest
the following frequency ranges:
Low heart sounds (presystolic and some systolic
murmurs; basal and mitral diastolic murmurs;
auricular and first, second, and third heart
sounds; gallop rhythms)

Medium and high heart sounds (systolic and
diastolic murmurs) ... ... ...

Pericardial rubs ... ... ... ...

Amphoric breathing ... ..
Bronchial breathing ... ... ..
Crepitations ... ... ...
Vesicular breathing ... ... ...n...Breath sounds heard in trachea, bronchi,

bronchioles ... ...
Foetal heart sounds ... ...

sounds fall into

20-115 c/s

200-660 c/s
140-660 c/s
240-660 c/s
240-1,000 c/s
750 c/s upwards
150-1,000 c/s

800 c/s upwards
16 c/s upwards

TABLE II.-Thresholds (db) for Various Stethoscopes

D
Required
Variation
from Basic
Mean at
5% Level
of Signi-
ficance

0-6
0-4
0-4
0-7
0-6
0 9
1.2

0-8
0-4
0-4
0-3
0-4
0-6

Sprague-Bowles Littman Leatham xllen Wooden
Monaural

Bell Dia. Dia. Bell Dia. Big Bell Little Bell Dia. Bell

56-8* 50.4* 52-9* 54Ot 57-3* 52-0* 52-0 55*5* 47-6* Over 62t57-3* 55-8* 57-3* 56-2* 55-4* 52-8* 48-7* 57-7* 55-4* 60*
57-5* 54-8* 57 6* 57 9* 56-8t 57 2* 53-2* 58-2* 58-4* ' 60*
49 4* 494* 44.0* 46-2* 52-3t 46-9* 48-3* 44 1t 40.5* 51-9*
32-4* 40 8* 35 0* 34-6t 42-3* 35-6* 27-0* 36-1* 32-5* 38-8*
33.9t 33-9t 342t 34-7t 36-7t 31-3* 30 5* 37-8* 37-9* 347.
53-4* 45-2* 45 0* 498t1 53-7* 45 0* 54-1 47-8t 50.0* 54 6

37-5t 35.9t 42:4* 33-3* 41-7* 38-5* 40-2* 41*8t 34-3* 59 4*
30-8* 30.5* 398t 33-5* 39*5* 35-4* 34-1* 42-5* 29-5* 44-4*35-4* 27-3* 30.3* 27-0* 30.7* 35-4* 24-2* 27-3* 29-9* 30-6*
23-8* 17-4* 20-4* 22-4t 22-0* 17-6* 22-5t 19-8* 19-7* 29-0*
36-1* 35-2* 32-3* 27-6* 10-4* 22-6* 12-5* 34-5* 18-7* 35-5*
24-5t 20-1* 22-8* 14-7* 18-6* 18-4* 15-6* 19-8* 20.1* 28-3*

The figures given for the required variation from basic mean at the 5% level of significance were obtained by using the method of analysis of variance and Student's
t test. Each figure is the mean of 10 readings (30 in the case of the basic stethoscope).

S.D. - Standard deviation. * Significantly better than basic. t Not significantly different from basic. * Significantly worse than basic.

HIGH FREQUENCIES (300 -1OOOc/s) LOW FREQUENCIES (0-300 c/s)
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B

" Basic"
Mean
of 30

Readings

-

A

Frequency
(c/s)

73-3
90-0
120-0
161 6
207-4

(250) 239-4
299-2

347
437

(500) 497
595

(750) 758
(1000) 1006

c

S.D. of
30

Readings

0-9
0-7
0-5
1-3
0-6
1-01-3

0-5
0-6
0-5
0-5
0-6
0-8

53-4
53-3
56-6
44-8
34-2
34-0
49-9

36-7
36-9
34-4
22-6
25-6
24-1

ALL FREQUENCIES

!~ l-- I-
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It would appear that any frequency falling between 20 and
1,000 c/s is of relevance to some clinical situation.
The stethoscopes used in this experiment were chosen as

being most representative of those in general use, the exception
being, of course, the wooden monaural.
An initial attempt to reproduce the experimental conditions

of Rappaport and Sprague (1941) was unsuccessful, as it proved
impossible to obtain an effective soundproof seal between the
chest wall and a loudspeaker baffle.
Some previously enunciated principles of stethoscope design

may now be examined in the light of our results.
(1) " It is apparent that the larger the area of the stethoscope

piece in contact with the chest, the greater the amount of sound
collected" (Macfarlan, 1938). The Leatham big bell has a
performance somewhat inferior to that of the little bell; the
skin area enclosed by the Sprague-Bowles bell is greater than
that of the basic stethoscope, yet the performance of the
Sprague-Bowles bell is inferior, though the two stethoscopes
have similar tubing and binaural dimensions.

(2) A good stethoscope needs both a bell and a diaphragm
chtpiece (B.M.$., 1962). The Sprague-Bowles diaphragm is
superior to the bell in both the higher and lower frequencies.
The Littmann diaphragm performs better than the bell in the
lower frequencies; the converse applies at the higher frequen-
cies. Both the Allen and the Leatham bell seem to be superior
to their respective diaphragms at both higher and lower
frequencies.

(3) A stethoscope should have a small internal volume (Barn
at al., 1926; Rappaport and Sprague, 1951). In general our
results seem to support this principle. The Leatham and the
Allen both use small-bore tubing (diameter 0.3 cm.) and have
small internal volumes.

In general these results differ from those of Barss et al.,
(1926) and Rappaport and Sprague (1941, 1951). Barss et al.
concluded that increasing the area of the chestpiece leads to
greater efficiency. Their conclusions were based on an experi-
ment involving the passage of sound from a source, through
air, to the chestpiece; these conditions are very different from

those obtaining in the clinical use, of the stethoscope.
Rappaport and Sprague compared stethoscope components
rather than complete stethoscopes. The acoustic properes of
any component are very different from those of a stethoscope
incorporating that component.

It is suggested that in stethoscope design most of the pre-
viously accepted principles should be ignored and an empirical
approach should be used. Stethoscopes of small internal
volume might be modified step by step, discarding modifica-
tions leading to an inferior performance and incorporating
those leading to improved performances.
The conditions of testing should correspond as closely as

possible to those in clinical use.

Summary

A comparison has been made of the efficiency of various
stethoscopes in common clinical use by simulating natural
conditions as far as possible. Of the stethoscopes tested by this
method the Leatham little bell and the Allen bell gave the best
overall performances. The current prices in the U.K of the
various stethoscopes are listed. It is suggested that an empirical
approach to stethoscope design is adopted, though, in general,
stethoscopes with small internal volume and small endpiece
skin contact gave the better performances.

We would like to thank Dr. J. H. Taylor, who originally suggested
that we should attempt a Which ? report on stethoscopes, and Pro-
fessor A. E. Ritchie for his help and advice. Mr. P. D. L. Constable
gave invaluable help with the statistics.
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Location of. Placenta by Means of a Colour Autoscan Technique

W. THOMPSON,* M.B., B.SC., M.R.C.O.G.; T. K. BELLI B.SC., A.INST.P.; J. H. M. PINKERTON,* M.D., F.R.C.O.G.

Beti. med. Y., 1967, 4, 390-391

Location of the placenta by radioactive scanning techniques
has considerable advantages over existing x-ray methods and
is being used with increasing frequency (Hibbard, 1966).
When tracer doses of isotopes tagged to human albumin are
employed the radiation risk to the foetus is greatly reduced
(McGee and Duron, 1960). In 1966, at the Royal Victoria
Hospital, Belfast, a colour autoscan apparatus became available
that could be adopted for use in placentography. This paper
describes the use of this apparatus and the results so -far
obtained in 62 cases.

Method and Equipment
Lugol's iodine solution, 0.3 ml. three times daily for 24 hours

before and seven days after the test, was given to block the
maternal and foetal thyroid (Cavanagh et al., 1961).
Human serum albumin labelled with 1311, obtained from the

Radiochemical Centre, Amersham, was diluted in saline and

5 microcuries administered intravenously to each patient. Five
to 10 minutes were allowed for the radioactive compound to
mix throughout the vascular department. The patient was
then placed supine on the couch of a total body scanner (Isotope
Developments Ltd., Reading) beneath a fixed scintillation
counter in axial alignment with another similar counter below
the couch. Each counter contained a 3-in. (7.5-cm.) diameter
sodium iodide crystal in a 3-in. diameter lead collLmator.
The couch was mechanically moved backwards and forwards
between the counters along parallel lines separated by a distance
of 1 cm. until the whole abdominal area was scand.
The radiations detected by each counter are converted to

electrical pulses, added together, and operate a, striker and
the six-colour ribbon beneath it. Distribution of the radio-
activity is displayed on a sheet of paper in the form of coloured
dashes, indicating regions of high and low coacentrations.
This double counter system gives higher counting rates, better
distinction, and a shorter operating-time--approximately 20
minutes-as compared with the single counter placed above the
patient used in earlier work in this series.* Departmeot of Gynaecology, the Queen's University, Belfast.

t Depanment of Medical Physics, Royal Victoria Hospital, Belfast.
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