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The Tuning Fork Tests*
By W. HARRY BARNES, M.D., Philadelphiia Pa.

I consi(ler thle tuninig fork the most important
instrument for the otologist, so much so that if I
could only have oine inistrument that would be the
onie I slhould select. It tells yoou more about the
ear than eveen the otoscope and it tells you many
tlhings wlich it is impossible for you to ascertain
ill aniy otlher manner. It is of prime importance
that you lhave a first class tuninig fork and I shall
iention a few of the requiisites of a good tuning
fork.

All souin(ds --re of two kinds: "tonies." having
periodic vibrations, and "noises," having aperiodic
vib)rations. Most tones are ciomposite tones. The
tuninig fork lhas a simple tone. The composite
tones are simiiple tones plus over-tones, the latter
ailtering the character of the fundamenital. Sound
is dependent on pitch, intensity and quality; pitch
(lepends Uponi the number of vibrations per second;
intenisity depemids upon the amplitude of the vibra-
tionl and quality depends upon the shape of the
solnd(l-wave. Over-tonies also modify the quality
oi- sound-waves.

First, the tUninlg fork must be nmade of the best
quality of steel. so constructed that both prongs
vilbrate synchronously or 1)oth together. It is pos-
sil)ly better thtat the fork is nickel plated as this
prevents rust. and rustinig is always irregular which
may clhange eitiher the pitch or the regularity of
time v-ibrationi. The steel shouldl be so tempered that
it is not muclh affected by atmosplheric or tempera-
ture changes. It slhouldl have a definite vibration
lengtlh, or slhouldl v-ibrate a certain number of
seconi(ls. I prefer a fork vibrating 110 seconds, all
of whliel period it is hieard by normal air conduc-
tiomi, and about 70 seconds by normal bone conduc-
tion. This period is not long enough to tire the
examiner, and yet is stufficiently long to make al-
lowvaance for all extraneous factors and at the same
tinme miiake the findings fairly conisistent. The fork
slhould be provided with two clamlips which prevent
over-tolles. These claimps can also be used to

o(lify the pitch of the fork for delicate tests.
Next. the fork slhouild not be too heavy, as it may

tire the examiner: niorl too large, because of the
comncussion. Wlihei testinig with the fork on the
boime, the coiCIussioIn m1iay siimuiilate the appreciation
of sound. so that the patient thinks he is hearing

*Tlhis palper vill he of uise to tlh( specialist omily.
I claini originiality for nothlimig herein contained, but
htope that in the 're-hash" sone points wvill be
imemitioiied wllicl are new to each readler, and that
somiie of the comiiplicationis of these tests wvill be
s4i4nplified.

the fork while he is only feeling the concussion
of the large fork. The handle of the fork should be
so constructed that it is easy to manipulate, as for
instance, in making the Rinne test, you are con-
tinually changing the fork from the mastoid to
in front of the ear. The best forks are constructed
with some insulation so that the examiner's hand
is not actually touching the vibrating metal. This
has the advantage of preventing the examiner's
hanid fromi more or less damping the vibration or
rusting the instrument. The end of the handle
should be smnooth and fairly large, so as not to
feel uncomfortable wlhen applied to the patient's
inastoi(l process. C 296 double vibratioins is the
fork used for miost of the tests.

MIany contradictory findings will be obtained
unless the examiner uses the fork in a systematic
manner when testing. The fork should not be struck
oni any hard substance because of overtones, etc.
(The thigh is good). The fork vibrates truly if held
upside down. It should always be held the same
distance from the patient's ear. The two prongs
vibrate simultaneously and when one prong is
held broadside opposite the ear, the patient heais
the vibration of that prong fortified by the equal
vibratioll of the other prong. If, however, the fork
be rotated, it will be found that at certain points
of the rotation the sound diminishes. At other
places it is almost absent; but it is always loudest
when one prong is broadside opposite the ear.
These poinits at which the sound is almost absenit
are called nodal points or the positionls where the
sound-waves proceeeding fromn tvo prongs over-lap
each 6tther.

It is also better in testing air conduction not

to take the fork from the distance and draw it up
to your usual point, as this will intenisify the sound.
It should rather be removed to one side or the
other and always returned to the same position
anid at the same poinlt.

In testing bone conduction on the mastoid pro-
cess, it is more satiAfactory to always place the
fork (lirectly over the mastoid antrum, because
there the sound is heard most distinctly and is niot
interferred with because of the difference in the
pneumatic or diploetic or diseased condition of the
mastoid process. Allowance must always be made
if the tuning fork is placed over a hairy part of
the scalp. It goes without saying that the test
should always be conducted in an absolutely quiet
roomn with no extraneous noises and that the ex-

aminer should always use himself or some other
person who has normal hearing as a conitrol. Time
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is i1u(ll11 the l)est nIote(l Nvitlh a stop-waatch.
The tuning for'ks aremiiainily used to find ollt

the conldition of the externa.ll auditory imeatus, the
patency of tlhe eustachian tllbe. the proper funle-
tionllilg of the tympanic nllenill)ralle ail(l ossicles, the
eon(lition of the middle ear and the accessory
cavities but most important, the degree of func-
tioniniig of the internal ear and the eighth nerve,
particularly the cochlea aii(l the auiditory lbranch
of the eighth nerve. However there are miany other
atural uses. It is also used by the rhinologist for
leteriininiiig the presence of fiuid in the accessory
sihmses of the nose. It is very striking in cases of
unilateral palnsinusitis.

Mlost of the tuning fork tests have for their
purpose the differential diaginosis between disease
of the perceivinig apparatus (the internal ear) and
the cond(uicting apparatus (the external and middle
ear .

I. A ii (Coduction Test--
The test for air conduction is conducted as fol-

lows: A middle register fork (C 256 double vibra-
tions) is held a certain distance from the patient's
ear and( the length of time he hears it is compared
with the length of time a normal individual hears
it. Fatiguing of either the patient or the control
is very frequently the cause of irregular findings.
F'or that reason it is better to rest the patient and
control fromii timie to time. Next the C fork of 125 vi-
brationis is held before the ear and a second fork of
204S vibrations is held so as to determine whether
or not the patient has better perceptionl for high
tone forks or low tone forks. Patients with dis-
ease of the perceiving apparatus appreciate the
low tone forks better than the high ones an(d
patienits with disease of the conducting apparatus
appreciate higlh tones better than low toneIs. Some-
times a paitient will notice on one side a (liffer-
enlt pitch from oIn the other, with the same fork.
wlhich indicates congestion of one labyrintlh.

In all these tests of air conduction it is better to
have the patient insert a moistened finger into the
ear not being tested. This prevents the apprecia-
tion of any sound except by the ear being tested.
Barany's noise apparatus is used for the same

purpose. lW hen fitted to the ear and started, it
makes so muich noise that that ear cainnot perceive
ainy other sound. But, unfoftunately, the souin(l
eanhi?e heard by the other ear and consequently its
appreciation for the testing fork is diminislhedl so
miuch, thalt the findings are uinreliable.
II. 7'1ic Sclhiabach Tcst-
This test is con(lucte(d by applyinig the tuining fork

( 25(;) to the mastoid of the patient, and( com-
palring the lenigth of time it is heard by the patienit
w\ith the lengtlh of time it is heard by a control
or- a normal individual. If the patient hears the
fork loniger than the control, we conclude there is
(lisease of the condlucting apparlaitus. It; is best to

note the tiimie in secon(ls it is lengtlhelned lbeyonl
nol lfrml, wh'llicll also lelps uls to note whletlher
the paitient is improvinig ull(ler treatmiient. If- the

patient lhears the fork foi a sholrter perio(d than
the control. we concludle that the patient lhas (lis-
ease of the perceiving apparatuis.
These tests are obviously apt to be irregular and(

ofttiines unreliable for the reasoni that blone conduc-
tion is allways the sum of bone conduction of both
ea-irs. ratlher than the bone conduction of the tested
ear. FoIr instance, if a patient has the entire
lal)yrillth removed on the riglht side and the tuninlg
for'k be placede iuoin the r'ight mastoid, the patienit
will healr tlhe fork, which is obviously beinig heard
b)y the left labyrinth. I have a patient under my
observation who appears to hear the tuninig fork
in the left ear wlhen place(l upon the riglht imnastoi(l.
Another objection is that wve must rely upon the

patient's statements wliich are ofteni intentionlally
or uninitenitionially unreliable. The high and low
forks are also use(l uiponi the imiastoid an(l the re-
suilts interprete(l the same as the highi anid low forks
in the air.

Ill. 7'hc 1W7eber Test-
This test is uise(1 to (lifferentiaite l)etweeildisease

of one si(le and the other. The vibratinig fork is
placed on the mid-line of the. forehead and the
patient asked whether he hears the fork or not
an(d if so in which ear does he hear it better. If
the patienit seems to hear it equally in both ears,
we conclu(le that both ears are in about the samiie-
condition. If, however, he appears to hear it
better in one ear, if that ear is the better hearing
ear or the good ear, we conisidler the patienit has
(lisease of the perceivinig apparattus (internal ear).
If, conversely, he hears it better in the worse hear--
ing ear or the disease(l e.am, we conisi(ler he has
(lisease of the condlucting apparatus (tthe imid(dle
or1 external ear).

This test may be elaborated further by comparing
the lengtlh of time the patient hears it with the
lengtlh of time a normal individcual hears it, wlheni
the test is similar to a Schwabach test being takein
of both ears at the same timie. Again if the fork
be heard in one ear when placed on the mid-line,
wve can1 move the foirk .across the skull toward the
other ear uintil we find, tle poinlt where it is heard(
eqlually in both ears. This is very useftul in the
course of treatmenit to find out whether or niot the
patient is imnproving, when this poinit vill move
nearer to the mid-line. Thle v-ertex, the bridlge of
the imose. the uppei incisor teeth aid the mni(ldle of
the inaudll(lible are sometimes use(d to advantage in-
stead of the forehead.
This test has the same fauilts as enumerated un-

der time Schiwabaclh test because the patienit must
be relie(d uponl anid the sollni(l is appreciate(l by botlh
la.byrilithsNl.any contra (lictory findinigs also oh-



THE TU)NING FORK TESTS 97

Xviolosly occur: as both ears miay be diseased equal-
ly or b)oth ears dliseased with the same affection but
one si(le miore so than the other, or one side may
halv-e (lisease of the lal)yrinth and the other disease
of the imiiddile ear, or onie side may have both
mli(l(lle ear a-ind labyrinith diseased. These miixed
types colll(l be inuiltiplie(l indefinitely.

Bb(.-'lhaligl 7'c. f---
This test is a miodification of the Weber test

and is applied as follows: when the tuning fork
is place(l oni the mistoid and ceases to be heard,
if the mnoistened finger tightly closes the external
canal, the soun(l will be heard again. This is be-
caulse the sound-waves which had been escaping
throuigh the external ineatus are forced backward
an(I reenforce the other sound-waves, and the ex-
ternal meatuis also acts as a resonating chamber.
If the tone is not heard again, we conclude that
the patient has diseased conduction or middle ear
disease. If there is pronounced deafness and it
is heard again, it denotes labyrinth disease.
Again if the vibrating fork placed in the mid-line
is heard equally in both ears, and one ear is closed,
the sound will be referred to the occluded ear.
In diseased conditions with the Weber lateralized
to one side. occluding the ear in which it is not
heard generally refers the sound to the occluded
side, but if extensive middle ear disease exists on
the experimentally occluded side, it will not be so
referre(l. If both external meatuses are equally
close(l, the Weber should be referred the same as
with both ears opened and in this manner air con-
duction is entirely eliminated as an influencing
factor.

IV. Rinne T'est-
Thiis test depends upon the fact that the nor-

mal ear hears the vibrating fork longer by air
than by bone. Tuning forks (liffer in the exact
relation of the time of bone and air conduction.
My fork is heard 70 seconds by bone and 110 by
air, or 40 seconds longer by air which is Rinne
nornmal. Rinne plus is always a relation where
the fork is heard longer by air than by bone, and
Rinne negative is in conditions where the fork is
heard longer by bone than by air; Rinne normal
is of course a certain Rinne plus; in the case of
my fork plis 40.
The test is conducted as follows: The vibrat-

ing fork is held first before the ear then upon the
miastoid and when it ceases to be heard at either
place the time is notedl until it disappears at the
otlher. This test is very good as it is a test for
one ear at a time and needs no control. If the
Rinine is negative, we usually conclude that the
patient has middle ear disease or conductive dis-
ease: if Rinne is positive, and the hearing dimin-
ished. we conclude that the patient has labyrinth
disease; if the Rinne is negative but the bone con-

di(ictioin below norimal, it is a ease of mixed per-
(eivillg and conductiv-e (lisease with the con(luctive
disease preponderating. These miixe(d types may
give us anly formI of tiinne. plns or minuiis, or a
plus-minus (which meains that the air coniduction
an(l bone conduction are the same) ; but when-
ever there is any perceiving disease, the bone is
shlorter than it should be for the atmount of con-
(luctive disease, although the latter may increase
the bone conduction above normal. This demon-
strates the importance of the Schli-.bach test.
Many formulae have been (levised for record-

ing the Rinne findinigs. fromi the algebraic formula
of Dunidas Grant to the graphic formilula of G. W.
Mackenzie. The latter is simple and useful.
Mackenzies metho(d is to (Iiaziw two parallel lines

fromii a base line. The parallel lines are marked
Off in equal segments representing ten seconds eaclh.
One line represenits air conduction and the other
bone conduction. A diagonal line is drawn from
the normal bone conduction lieight to the normal
air conduction height. (The Mackenzie fork is
heard normally by bone, seveenty seconds; and by
air, one hundred ten seconds, or normial Riinne plus
forty.) The patient's air an(l )bone coni(luction are
charted, and at a glance you can comnpare it witb
normal. The Rinne thus obtained caan be compared
vith the Rinne obtained in the usual manner, to
see if your techniquie has been goo(l, anid the results
are the same.

It also adts as a check oni your technliqulie of the
other tests-the.Weber, air. amid Sehwabach. If you
should get an air perception of 100 seconds and
a Schwabach of possibly 5 secondls lengthened but
found(i the Rinne normal, these woould so nearly
agree that you could conclude that your tests were
carefully made. Also if your Weber were lateral-
ize(d to one side, you woould expect to findl your
bone conduction longer oni that sidle.

V. Th-e Gelle Test-
The vibrating tunling fork is place(d upon the

mastoidl or vertex or bag and a Gelle bag fitted
with an olive pointed tip is ma(le to fit tightly into
the external canal. Then the bag is forcibly com-
pressed, then released. If the souncd of the tuning
fork is diminished during compression andl is againi
increased with aspiration, we conclude that the
foot-plate of the stapes is movable, being jammed
in the oval widow by compression buit again re-
leased at aspiration. If compression and aspira-
tion have no effect oni the loudness of the tuning
fork, we conclude that the foot-plate of the stapes
is aInkylose(d or bound fast to tie Ov"a1l windQuw.
This must not be confused witlh the Gelle test
for fistula of the seimi-circular calnals wlhichl is
coi(luete(d in the same mtanner, witlhout the tuning
fork compression or aspirationi givinlg nystagmus,
vertigo. ete.
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Vi. 7'Thy Polilze Test---
The vibrating tuniing fork is held before the open

mouth and the patient instructed to swallow. If
the eustachiain tubes are patulous, the sound will
be initensified durinig the swallowing. If one only
is patulous it will be heard and intensified on
that side only. Some normal persons cannot hear
it at all.
I-If. The JBin.g Eetotic Test-
This test is to (lifferenitiate between ankylosis of

the foot-plate of the stapes or other pathological
con(litionis interferinig with the motion of the ossi-
vles. A eustachiani catheter is passed and a speak-
tube applied to its end. If the patient hears bet-
ter through the eustachian catheter and speaking
tul)e than throulgh the external meatus, removal
of the ossicles is indicated. The voice may be
used instead of a fork.
11I1. Stenger's Test-

Trllis test is use(l to detect malinigering of unilat-
erl deafniess. Stenger's test is conducted with
two high forks, [AA(435)] exactly alike and per-
fectly syinchlironized. If one synchronized tuning
fork is brouglht in juxtaposition with another one
w-ilih is vibrating, the former will be set into vi-
b)ration. The distanice from the ear at which the
forlks cain be hiear-d is less than aerial distance

fromii one ear to the other. The exact distance (8
inches) is also known by the examiner. The pa-
tient is blindfolded and the vibrating fork placed
at the farthest distance it can be heard from the
normal ear. Both forks are set into vibration, the
one before the normal ear being held beyond the
hearinig point and the one on the supposedly deaf
side held within the hearing point. If under these
con(ditiolls. the patient hears the fork, he is ma-
liingeriing. Again, with both forks held within the
hearinig distance, the fork is normally heard by the
ear wvhicil has a fork nearer it. Also one fork may
not be set into vibration.
C1ovl,cusioits: The above include all the tuning fork

tests I have found useful. The results of all these
are iiileedl far from satisfactory but by careful at-
teiltion to the details of the tests, fairly consistent
findings are possible. Whereas, if performed in a
careless or un-uniform manner, the findings will be
consistently contradictory. It is clearly evident
that these tests have outlived their usefulness, but
we have nothing else to supplaint them. I hope that
my readers have understood my presentation, and
that they xvill do some original work upon the
tuninlg fork tests or else give us something to take
the place of this indispensable otological instru-
ment.

State Control of Venereal Diseases*
Bly ALEx N. ThiOM\PSON, .M.D., Director Dept. Medical Activities, A. M. S. H.. and FRANKLIN 0.

NICHOLS, Educational Dept., A. M. S. H.

In the history of the control of public health
meniaces. some one inidividual or group of indivi-
dlulals has generally stepped forth with a key to
tle. situation whlereby the problem was solved.
Jennier gave the world an effective vaccine for
smallpox anid the problem of eradicating the plague
which hiad baffle(d civilized l ations for so long a
tiime was in a fair way of being solved. The con-
tribution of the anti-diphtheritic serum by Behring
largely made possible the control of diphtheria.
In yellow fever Walter Reed's work in demon-
strating the role played by the Stegomlyia fasciata
in the disseminationi of the disease facilitated its
suiccessful control.
But all efforts to discover some one key measure

for the control of the veenereal diseases have proven
ftutile. Since prostitution is admittedly the great-
est reservoir of 4enereal infection there were those
wvlfo advocated imedical examination of the pros-
tituite to imlake prostitution safe, thereby eradicat-

*Read before the Fifth Annual Meeting of the
Jolhn A. Andrew Clinical Society, Tuskegee Insti-
tuite. Ala., April, 1922.

ing the dliseases. This proved fallacious. Others
urged education as the sole measure. Still others
economic improvement. But these were imcom-
plete in themselves alone. Public health workers
were compelled to recognize that they had no anal-
ogous method of control as in the case of other
communiicable diseases. The problem of the control
of venereal diseases involved greater complexities
and demanded a more elaborate approach.
From the many suggested methods there has

evolved in recent years an intelligent and well
balanced combination of all measures and factors
known by previous tests to have some value. These
have been organized into a program of procedure
which is inclusive of medical, educational, law en-
forcement, and recreational measures. It is known
as the American Plan and is fast being proven ef-
fective in its practical application. While no one
person may hope to become master in the applica-
tion of the several measures. complex and unre-
lated as they seem to be, it devolves on all en-
gaged and interested in any phase of the problem
to become familiar with the broad scope of the
program. By this plan we may aspire to even-


