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ABSTRACT

EFFECTS OF COLD AIR TEMPERATURE ON

THE HUMAN PERIPHERAL AUDITORY SYSTEM

By

Judith F. Borus

Earlier research by this writer suggested that when normal hearing

human subjects spent approximately 15 minutes out of doors in cold weather

prior to pure—tone audiometric testing, the test results deviated from the

eXpected normal and a conductive type stiffness tilt was observed. The

major purpose of this research was to determine the effects of cold air

temperatures on the human peripheral auditory system. In most audiology

clinics, audiometric testing begins very shortly after the client arrives

at the testing suite. It is not unusual for clients to spend ten or fifteen

minutes out of doors in temperatures below 0° F. The problem presented here

is, assuming that this exposure takes place immediately before the client

arrives at the clinic, what effects will it have on the pure-tone thresh-

holds obtained? In addition, recovery from the effects found and possible

explanations for these effects were also investigated.

Fortywsix students with normal hearing served as the subjects for

this study. Each of the subjects had their air and bone conduction

thresholds determined bilaterally using 2 dB steps. Tympanic temperature

and various impedance measurements were also made. Following these measure-

ments, each subject was allowed to dress as warmly as he wished, leaving

the head and ears exposed, and then entered a cold room where the temperature

varied from -3° to -10° F., with a mean of -7.07° F. Following 20 minutes

of this cold exposure, all of the pre-exposure tests were repeated.
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No significant shifts were found by bone conduction following this

exposure, however air-conduction thresholds were depressed at 125 Hz by

+3.17 dB, at 250 Hz by +2.52 dB, at 500 Hz by +1.83 dB, and at 1000 Hz by

+0.91 dB. The shifts found at frequencies above 1000 Hz were not statisti-

cally significant, but were all in the opposite direction, i.e., improved

hearing following the exposure.

The subjects were divided into two groups, "shifters" and "non—

shifters." Subjects were classified as shifters if two of their three low

frequency thresholds (125 Hz, 250 Hz and 500 Hz) shifted by +h dB or

more and the third shifted by at least +2 dB. Twenty subjects, classified

as shifters, showed mean air—conduction threshold shifts at 125 Hz of +6.10

dB; at 250 Hz, +5.h0 dB; at 500 Hz, +5.20 dB; at 1000 Hz, +1.20 dB; at 2000

Hz, +0.30 dB; at h000 Hz, -0.50 dB; and at 8000 Hz, -0.10 dB. The group of

26 non-shifters showed mean air-conduction threshold shifts within :_1 dB at

all frequencies.

The mean pre-exposure tympanic temperature of all subjects was 98.00° F.

and the mean shift following the cold exposure was -0.72° F. There was no

significant difference in the size of the temperature shift between the

shifters and non-shifters, nor was there any significant relationship between

the size of the temperature shift and the size of the threshold shift.

The various impedance measurements made (acoustic impedance in the plane

of the eardrum, middle ear pressure readings, and compliance measurements at

various pressure settings) all indicated that those subjects classified as

shifters had more compliant ears to start with but the cold exposure caused

an increase in stiffness (reduced compliance) in the ears of shifters and

non-shifters alike.



In the second phase of the study, nine of the 20 shifters returned

for three additional testing sessions. The same tests were administered

but the length of the cold exposures was varied and the recovery from

air-conduction thresholds shifts found was tracked. When the length of

the exposure duration was reduced, the size of the air-conduction threshold

shifts was likewise reduced. A ten minute exposure duration resulted in

statistically significant low frequency shifts of approximately 3 dB and

a five minute exposure duration did not affect thresholds significantly.

Recovery from the air-conduction threshold shifts appeared to be quite

constant. For most subjects recovery from the 20 minute exposure took place

within 60 minutes and recovery from the 10 minute exposure occurred within

ho minutes.

Exposure to cold air apparently increased middle ear pressure and

affected the tympanic membrane's vibratory capacity in some of the subjects,

resulting in a slight conductive-type hearing loss (displayed audiometrically

as an air-conduction "stiffness tilt"). Given the fact that this type of

audiogram is similar to that found in patients with adhesive otitis media

and pre-clinical otosclerosis, great care should be taken to determine how

long the patient being tested was outdoors in cold air temperatures

immediately preceding an audiometric evaluation. Sufficient time should

be allowed for threshold shifts caused by the cold air outdoors to fully

recover before the actual pure-tone testing is begun to help insure valid

pure-tone test results and to aid in avoiding mis-diagnoses of middle ear

pathology.
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CHAPTER I

INTRODUCTION

In most audiologr clinics audiometric testing begins very shortly

after the client arrives at the testing suite, perhaps following a five or

ten minute interview. Almost always the first procedure carried out is

pure-tone air-conduction testing. In previous research by this writer,

which required obtaining pure-tone thresholds for over 50 college students,

it was felt that in some cases the low frequency thresholds varied

depending on whether hearing testing was done immediately upon the subject's

arrival at the clinic or after a lengthy questionnaire had been filled out

(which took over half an hour). In most cases the studentfiwalked for 10 to

20 minutes from their dormitories to the testing suite in outdoor temper-

atures ranging from -15° to +15° F. Subsequent to the conclusion of that

research an attempt was made to explore further the effects of extreme cold

on low frequency hearing thresholds in a series of pilot studies. The

results of these preliminary studies further suggested that cold exposure

might be a factor affecting air-conduction thresholds in the low frequencies.

The phenomenon to be discussed here can be accounted for on a physio-

logical basis. The hypothesized post-exposure pure-tone air-conduction

audiometric curve would show depressed thresholds in the low frequencies

whereas the bone-conduction curve would remain normal. This type of audio-

metric configuration, sometimes referred to as a "stiffness tilt," is

believed to be due to changes in impedance in the middle ear caused by
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increased stiffness in the action of the auditory ossicles.l The theory

being proposed is that the exposure to cold air will cause increased

stiffness in the movement of these ossicles due to one of a variety of

possible reasons.

Purpose of the Study

The major purpose of this research was to determine what effect

extremely cold air temperatures have on hearing thresholds. Several

aspects of this question were explored including the frequencies that were

affected and by what amount, what proportion of the subjects showed a

threshold shift and whether the subject's sex was a variable to be

considered. In addition, an effort was male to determine how long the

subjects had to be exposed to the cold air for the shift to occur. A study

of recovery patterns was also made. Also, an attempt was made to determine

what caused this shift in hearing thresholds through the use of a tympanic

thermometer and an acoustic impedance bridge.

Significance of the Studg

In the pilot studies discussed'below more than half of the subjects

involved exhibited low frequency air-conduction threshold shifts (in the

direction of poorer hearing) following exposure to extreme cold. In the

study where bone-conduction thresholds were also tested no shifts in bone—

conduction thresholds occurred in any subject. The significance of this is

at least two-fold. A primary consideration is the diagnostic importance.

It is not unusual in many parts of this country and the rest of the world

 

1?. Campbell, "The Importance of the Impedance Formula in the

Interpretation of Audiograms," Transactions of the American Academy of

gphtbalnpiogp and Otolaryngoloa, sh (1950), pp. 215-252.
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for individuals to spend 15 minutes out of doors in temperatures below

0° F. If this exposure should occur just prior to an audiometric examina—

tion, spurious low frequency conductive type hearing losses could be

found. There are many middle ear disorders which are routinely diagnosed

at least partially on the basis of this type of audiometric configuration

(such as middle ear muscle contractions, adhesions, and stapes fixation,

whether due to adhesive otitis media or early otosclerosis). The importance

of adequate and accurate audiometric testing is obvious.

In addition, this study should yield new information concerning the

aural mechanism; that is, that exposure to cold air does affedt the activity

of the middle ear system which is reflected audiometrically in a low fre-

quency conductive type hearing loss.

The Pilot Studies
 

Four pilot studies were carried out prior to the beginning of this

study. The first one involved ten college students from the University of

Maryland who were taken to a very large commercial freezer similar to the one

which was used in the present research. The testing was carried on during

the working day and the results, while indicating the possibility of

threshold shifts, were inconclusive due to the excessive street traffic

and other ambient noise which made testing extremely difficult.

The second pilot study was carried out at the University of Maryland in

much smaller freezers (about 15 feet square) located inside of a warehouse.

Conditions there were much more favorable since the testing was done only

when the warehouse itself was not in use. It was not possible to make

ambient noise measurements at this location. This pilot study involved twelve

college students. The procedure followed was: each student had his hearing tested
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by air and bone conduction in both ears, from 250 Hz through 8000 Hz by

air conduction and from 250 Hz through hOOO Hz by bone conduction, using

the Hughson-Westlake ascending technique as described by Carhart and

Jerger.1 All of the testing was done in the empty warehouse in an area

just a few feet away from the freezer.

Two subjects exhibited airébone gaps and were eliminated from the

sample. The remaining ten subjects then had their thresholds Obtained by

air and bone conduction in both ears twice more. One subject was extremely

difficult to test (her thresholds varied greatly during pre-exposure

testing sessions) and she, too, was eliminated from the sample. A fourth

subject dropped out of school before the pre-exposure testing had been

completed and was therefore not included in the study.

The eight remaining subjects were allowed to dress as warmly as

desired (leaving the head and ears exposed) before entering the freezer.

They were instructed to keep their physical activity in the freezer moderate

and to come out if they became uncomfortable in any way. The temperature

in this freezer ranged from -h° to -18° F. The subjects were in the freezer

for ten minutes. Following this, air and bone-conduction thresholds were

Obtained again as described above, and then air-conduction thresholds were

Obtained once more one hour later. Most of the subjects went through this

procedure twice.

0f the eight subjects used, five (three males and two females)

exhibited depressed low frequency thresholds following the cold exposure

and three (one male and two females) did not. In every instance those who

 

1R. Carhart and J. F. Jerger, "Preferred Method for Clinical Determin-

ation of Pure-Tone Thresholds," Journal of Speech and Hearing Disorders, 2h

(1959). pp. 330—3h5.
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did not show a shift following the first exposure did not show a shift

following the second exposure session. Following are the average thresholds

obtained for these two groups before and after exposure and the shifts

found for the right and left ears combined for the shifters (Table'I)l and

non-shifters (Table II).

None of the subjects objected to the cold exposure or found it to be

particularly uncomfortable. When thresholds were obtained one hour

following the cold exposure they were found, without exception, to have

returned to the pre-exposure levels. To summarize, of the eight subjects

included in this pilot study, five demonstrated pure-tone air-conduction

threshold shifts at 250 Hz, 500 Hz, and possibly 1000 Hz in the direction

of poorer hearing following a ten minute exposure to -h° to -18° F. with

no accompanying shift in the bone-conduction thresholds. All threshold

shifts returned to pre-exposure levels within one hour following the con-

clusion of the exposure period. The other three subjects demonstrated no

threshold shifts by air or bone conduction following the same exposure. No

subject, then, exhibited a post-exposure shift in bone-conduction thresholds.

In order to determine whether the shift in hearing thresholds might

have been due to an overall muscular reaction to the entire body's being

chilled or to an overall lowering of the body's internal temperature, three

subjects were exposed for longer periods at somewhat higher air temperatures.

Here a specific attempt was made to thoroughly chill the subjects. This

third pilot study was carried out at the University of Maryland in a small

‘walk-in refrigerator (about eight feet square) located in the basement of a

 

1In all of the tables where shifts are presented the negative sign

indicates that the post-exposure threshold was better than the pre-exposure

threshold.



Table I.-—Mean Air and Bone-Conduction Thresholds* of Five Subjects

with Threshold Shifts Following Cold Exposure. Pre and

Post-Exposure Readings.**

 

 

 

Pre-exposure Post-exposure Shift

250 Hz

Air Conduction 10.0 16.9 +6.9

Bone Conduction 21.6 18.3 -3.3

500 Hz

Air Conduction 13.1 17.5 +h.h

Bone Conduction 20.0 20.0 0.0

1000 Hz

Air Conduction 6.9 10.0 +3.1

Bone Conduction 11.7 15.0 +3.3

2000 HZ

Air Conduction 1.3 1.9 +0.6

Bone Conduction 6.7 6.7 0.0

hOOO Hz

Air Conduction 0.9 2.8 +1.9

Bone Conduction 6.7 3.3 -3.h

8000 Hz

Air Conduction h.1 h.1 0.0

 

*In dB re 0 Hearing Level (ISO 196k)

**Post-exposure bone-conduction thresholds were obtained for only

three subjects.



Table II.--Mean Air and Bone-Conduction Thresholds* of Three Subjects

without Threshold Shifts Following Cold Exposure. Pre and

Post-Exposure Readings.

 

 

 

Pre-exposure Post—exposure Shift

250 Hz

Air Conduction 15.0 15.0 0.0

Bone Conduction 20.0 20.0 0.0

'500 Hz

Air Conduction 17.0 18.5 +1.5

Bone Conduction 16.7 18.3 +1.6

1000 Hz

Air Conduction 9.5 10.5 +1.0

Bone Conduction 11.7 13.3 +1.6

2000 Hz

Air Conduction 2.5 2.0 -0.5

Bone Conduction 6.7 8.3 +1.6

hOOO Hz

Air Conduction -1.0 0.0 +1.0

Bone Conduction 6.7 8.3 +1 6

8000 Hz .

Air Conduction -1.5 -1.5 0.0

 

*In dB re 0 Hearing Level (ISO 196k)
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campus dining hall. Conditions were favorable for testing since the dining

hall was not open to the students at the time of testing. The pure-tone

testing was done in an empty office and again it was not possible to make

ambient noise measurements. The procedure followed was exactly the same as

in the prior pilot study except that the subjects were sent into the re—

frigerator (where the temperature was kept at +35° to +h0° F.) lightly

dressed and asked to remain there until they were thoroughly chilled

(shivering, goose bumps, etc.). All of the sUbjects remained in this envi-

ronment for 30 to hO minutes and signs of chilling as described above were

observed in all of them when they came out. Following the cold exposure,

pure-tone air—conduction thresholds were once again Obtained. The average

thresholds obtained for these subjects before and after exposure and the

shifts found for the right and left ears combined are shown in Table III.

Only air-conduction thresholds are reported because the ambient noise levels

in the testing area were too high for accurate bone-conduction testing to be

done.

None of these subjects showed any threshold shifts at any frequencies

in either ear following this exposure. This would tend to indicate that the

threshold shifts found in the pilot study discussed previously were due to

factors other than changes in overall internal body temperature and/or

muscular contractions throughout the body as a reaction to chilling.

The fourth pilot study involved two college students who were tested

using the Michigan State University facilities that were used in the thesis

research. In addition to pure-tone thresholds, pre and post-exposure impedance

measurements were also made. These subjects' pure-tone thresholds also

shifted in varying amounts in the low frequencies (and not at all above 1000 Hz)



Table III.--Mean Air-Conduction Thresholds* of Three Subjects Exposed to

+35° to +h0° F. for 30 to hO Minutes. Pre and Post—Exposure

 

 

 

Readings.

Pre-exposure Post-exposure Shift

250 Hz 25.0 23.3 —1.7

500 Hz 21.7 23.3 +1.6

1000 Hz 10.0 9.2 -0.8

2000 Hz 2.5 0.8 -1.7

hOOO Hz 0.8 -O.8 -l.6

8000 Hz -2.5 -O.8 +1.7

 

*In dB re 0 Hearing Level (ISO 196A)
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following a cold exposure of 20 minutes at -10° F. In addition, the maximum

variation in three pre-exposure impedance readings in one ear was 69 ohms.

The shift from pre—exposure impedance to post-exposure impedance was 186 ohms

in one of the subjects and 216 ohms in the other subject, both shifts being

in the direction of increased stiffness.

The Experimental Questions

It was hoped that this research would permit the following questions to

be answered:

1. What effect, if any, does exposure for 20 minutes to temperatures

ranging from -3° to -10° F. have on pure-tone air and bone-conduction

thresholds?

2. Will pre-exposure tympanic temperature readings be within the

normal range and how will they be affected by the cold exposure? What will

the relationship be between tympanic temperature and air and bone-conduction

threshold shifts?

3. Will pre-exposure impedance measurements be within the normal

range and how will they be affected by the cold exposure? What will the

relationship be between various impedance measurements and tympanic

temperature and air and bone-conduction threshold shifts?

h. What is the replicability of the twenty minute exposure experience?

When the length of the exposure time is less than 20 minutes (5 or 10 minutes)

will the same effects be found with regard to air-conduction thresholds shifts,

tympanic temperature, and impedance measurements? What is the relationship

between varying the length of the exposure and all of the variables discussed?

5. How long will the recovery from these shifts take following each of

the exposure durations (20 minutes, 10 minutes, and 5 minutes) and what will

the pattern of the recovery be?



CHAPTER II

REVIEW OF THE LITERATURE

The review of the literature is divided into three sections. The first

deals with the physiology involved. The literature in the area of thermal

homeostasis in man will be briefly reviewed in addition to how muscle tissue

responds to cold stimulation and with how the body in general responds to

chilling. Also, the existing body of literature concerning the effects of

cold on the auditory systems of various animals as well as man will be reviewed.

The second section will deal with the theory of impedance and research which

has employed the Madsen Acoustic Bridge, used in this study. The third

section is concerned with the development of the tympanic thermometer and its

application to this research.

Ehysiology

There is a large body of research concerned with how the body compen—

sates for cold exposure and much has been written concerning the thermal

homeostasis of man (i.e., body core temperature will remain quite constant

when the outside temperature is varied within limits). This may be summarized

as follows: Normal body functions depend upon a constant body temperature.

Man possesses a group of reflex responses integrated in the hypothalamus which

together operate in such a way as to control body temperature within a narrow

range in spite of relatively wide fluctuations in environmental temperature.

Normal oral body temperature in healthy young adults has been found to average

11
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98.1° F. The oral temperature of 95% of this group falls within the range

of 97.3° F. to 98.9° F.l When the body is exposed to a cold environment

certain mechanisms are activated in order to increase heat production and

decrease heat loss. Heat production may be increased through shivering,

increased voluntary activity, and increased secretion of certain substances

such as norepinephrine and epinephrine. Heat loss may be decreased through

cutaneous vasoconstriction, curling the body up in order to reduce the

amount of exposed body surface, and horripilation.2 The purpose of these

activities is to maintain the normal body temperature. The ability of the

body to do this successfully is called thermal homeostasis.

Benzinger stated conclusively: "In warm blooded animals and man,

homeostasis of internal temperature is maintained against wide variations

of thermal flux from external or internal sources. The thermal milieu

interieur is closely guarded. Gains of heat (in warmth) are answered by

equivalent physiological losses. Forced losses of heat (in cold) are

balanced by equivalent internal gains. The principal effector mechanisms

of thermoregulation are evaporative loss of heat by sweating and metabolic

gain of heat by food combustion. . . . A third kind of thermoregulatory

response (is) vasomotor action."3

Given the fact that in this study the subjects were warmly dressed and

only their heads exposed there is no reason to believe that their body core

temperatures would be affected by the length of exposure used. Benzinger and

 

1William F. Ganong, Review of Medical Physiology (Los Altos: Lange

Medical Publications, 1967), p. 183.

2More commonly known as "goose bumps."

3T. H. Benzinger, "The Thermal Homeostasis of Man," Les Concepts de

Claude Bernard Sur Le Milieu Interieur (Paris: Masson & Co., 1967), p. 325-
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Kitzinger found that: "The relations between the influence of temperature

upon certain specific tissues of the body as a stimulus or cause and the

thermoregulatory production or loss of heat as a response or an effect

. . cannot be demonstrated."1 It is extremely unlikely that cooling the

head alone would result in lowering the body temperature, and this is not

proposed here. Since the ears were not covered, however, and since the

cold air was also being breathed in directly, it is possible that a direct

cooling effect of the cold air on the tympanic membrane and/or middle ear

muscles might have occurred.

Next, we need to consider what sort of effect cold can produce in the

ear. The research seems to conclude that the cochlea may be affected by

changes in body temperature or by changing the temperature in the cochlea

directly. Kahana, Rosenblith, and Galambos used hamsters2 and reduced their

body temperatures from normal (32° C.) to 18° C. by using copper coils through

which ran hot and cold water as required. Photographic records were kept of

the cochlear response produced by clicks of 0.1 msec duration. They found

that when the body temperature was reduced the latency of the cochlear response

remained constant but the amplitude of the response fell significantly. When

body temperature returned to normal the cochlear response did also.3 Gulick

 

1T. H. Benzinger and C. Kitzinger, "The Human Thermostat," Temperature -

Its Measurement and Control in Science and Industry_(New York: Reinhold

Corp., 1963). p. 637.

2It is interesting to note that it was necessary to select an animal

whose body temperature drops when the environmental temperature drops.

Hamsters are ideal because, although they are homeothermic when awake, they

do not adapt their body temperature to compensate for cold environmental

conditions; instead they hibernate.

3L. Kahana, W. A. Rosenblith, and R. Galambos, "Effect of Temperature

Change on Round Window Response in the Hampster," American Journal of

Physiology, 163 (1950), pp. 213-223.
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and Cutt,, using guinea pigs, found that when body temperature was reduced

below normal the magnitude of the cochlear potential was reduced and a

hearing loss was created. They hypothesized that cooling may have slowed

down the metabolic processes which are responsible for generating the

electrical response in the cochlea or that the body cooling may have damaged

some of the hair cells by altering the structure of the cell membrane or by

producing excessive mechanical strain during the deformation of the membrane

under stimulation. They concluded that when body temperature is decreased

the magnitude of the cochlear response is likewise decreased. They found

that the cochlear response returned to normal when the body temperature

returned to normal unless body temperature was allowed to fall below 30° C.

When body temperature was reduced to 28° C. (82.h° F.) for 20 minutes hearing

losses of up to 10 dB that lasted for one hour or more were produced.1

Patterson, et al., found that, in turtles, body temperature did not

affect the cochlear response whereas cochlear temperature did. They suggested

that "the conductive impedance . . . of the turtle ear may vary with temperature."2

Wever and Bray, on the other hand, found no changes in cochlear

potential when a decerebrate cat was placed in an ice pack.3 Chambers and

Lucchina cooled the cochlea of a cat locally with a prObe of -h0° C. and.induced

a 6 dB loss at 1000 Hz. Full recovery took place within 20 minutes after the

 

1W. L. Gulick and R. A. Cutt, "The Effects of Abnormal Body Temper-

ature Upon the Ear: Cooling," Annals of Otology, Rhinology, and Lagyngology,

69 (1960), pp- 35-50.

2W. C. Patterson, et al., "The Relationship of Temperature to the

Cochlear Response in a Poikilotherm," The Journal of Auditory Research, 8

(1968) p. h37. ‘

3E. G. Wever and C. W. Bray, "The Nature of Cochlear Activity After

Death," Annals of Otology, Rhinology, and Laryngology, 50 (l9hl), pp. 317-329.
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probe was removed.1 In general, it may be concluded that extreme cold does

have an effect on the cochlea and on hearing.

With regard to the middle ear, it has been noted that there is

increased otitis media and other middle ear disorders among Eskimos and

other groups who live in cold environments.2 In addition, the United States

Public Health Service has published hearing survey test results (gathered in

1960-1962) which give hearing thresholds at various frequencies by area of

residence (as well as by sex and race).3 When the data were examined for

hearing thresholds at 500 Hz (the lowest frequency tested) by region of the

country —- northeast, south, or west -- it was found that thresholds were

poorest in the northeastern region. Of the 6,673 adults tested, 5.6% of

those in the southern region, 5.6% of those in the western region, and 6.0%

of those in the northeastern region had hearing levels of +16 dB or worse

(ASA)." These differences, though small, appear to be significant, especially

when the other frequencies tested are also examined. At 1000 Hz, for example,

the percentage of subjects with thresholds of 16 dB or more are 5.6% for the

south and west and h.8% for the northeast. But the direct effect of cold on

the middle ear specifically has apparently not been examined.

 

1A. H. Chambers and G. G. Lucchina, "Reversible Frequency Selective

Reduction by Cold of Round Window Potentials," Federation Proceedings,

1531 (1956)-

2J. A. Brody, et al., "Draining Ears and Deafness Among Alaskan

Eskimos," Archives of Otolaryngology, 81 (1965). PP. 29-33.

3United States Public Health Service, Publication Number 1000, Series 11,

No. 26, p. 22.

hOne might expect to find thresholds for higher frequencies to be

depressed in the northeast because of the greater industrialization there and

the resultant increase in noise-induced type hearing losses, but this does

not account for poorer hearing in the lower frequencies.
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When Specific human muscle tissue is exposed to cold, however, its

activity is demonstrably diminished due to the generalized stiffness of the

muscle which is associated with the constriction of arteries, veins, and

capillaries and the resultant general reduction of blood supply to the

muscles involved.l All human muscle tissue reacts similarly to being thus

chilled. In the middle ear are two muscles, the tensor tympani and the

stapedius and it would be expected that, were these muscles exposed to cold,

they, too, would respond by stiffening. At this time an hypothesis will

be presented as to what would happen to the physiology of the middle ear

should these two muscles be chilled.

The tensor tympani is attached to the handle of the malleus. When it

contracts it draws the malleus inward with the result that the tension in the

tympanic membrane is increased. The stapedius, on the other hand, attaches

to the head of the stapes and when it contracts it pulls the stapes laterally

thereby impairing its ability to vibrate freely. The two muscles are antagon-

istic in their action and when both are contracted the three ossicles in the

middle ear are brought into closer approximation to one another, the tympanic

membrane is drawn inward with an accompanying increase in tension in the

membrane and the footplate of the stapes is forced inward.2 The end result

is that neither the tympanic membrane nor the auditory ossicles are able to

move as freely as in a non-contracted state. In addition, it is possible

that the tympanic membrane might stiffen as a direct reaction to becoming

 

lP. Bard, Medical Physiology_(St. Louis: C. V. Mosby Co., 1956),

pp. 15h-158.

 

2W. Hughson and S. Crowe, "Experimental Investigation of Physiology of

the Ear," Acta Oto—Laryngologica, 18 (1933), p. 291.
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chilled (reduced blood supply, etc.). Although this has not apparently been

specifically examined there is no reason to believe that the tympanic membrane

would react any differently to cold exposure than any other body tissue.

It is not proposed here that body core temperature (or internal body

temperature as it is sometimes referred to) is significantly affected by such

short term exposures to extreme cold when the individuals are warmly dressed.

Instead, it is suggested that the cold air reaches and affects the action of

the tympanic membrane directly (via the external auditory meatus) and/or the

middle ear muscles indirectly (through the venal blood supply and the mucosal

lining of the nasopharynx). It should be noted that head temperature (tempera-

ture measured at the back of the nasal cavity and the interior of the ear)

does not always correlate with body core temperature.1 Benzinger believed

that this was possibly due to the passing of cooler blood returning from the

ear "lobe and surrounding skin in descending veins adjacent to some of the

ascending arteries which supply the tympanic membrane."2

It is possible to take an individual's temperature on the tympanic mem—

brane. Under ordinary environmental conditions this temperature reading agrees

very closely with body temperature readings taken elsewhere (such as rectally).

Under these special conditions, where middle ear and body temperature may differ,

however, it is felt that body temperature probably does not change and that the

tympanic temperature in this case is a measure of the temperature shifts at the

3
tympanic membrane only and does not reflect internal body temperature changes.

 

1William F. Ganong, Review of Medical Physiology, p. 186.

2T. H. Benzinger and G. W. Taylor, "Cranial Measurements of Internal

Temperature in Man," Temperature--Its Measurement and Control in Science and

Industgy (New York: Reinhold Corp., 1963), pp. 111-120, and personal communica-

tion with T. H. Benzinger.

3Unfortunately, it was not possible to prove this theory since oral

temperature could also be affected by breathing the cold air and the testing

environment did not allow for rectal temperatures to be taken.
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Therefore, although the subjects in this study may be dressed warmly

and experience no discomfort, shivering, or other signs of chilling during

the cold exposure, and although their body core temperature may not vary

from normal, the temperature at the tympanic membrane may be depressed: the

result being increased stiffness in the action of the tympanic membrane and

middle ear ossicles. This increased stiffness might be expected to affect

the impedance characteristics of the middle ear along with the air-conduction

hearing thresholds. On the basis of the research reviewed, one might conclude

that bone-conduction thresholds might also be affected if the cold air were

reaching the cochlea. This would only happen if the cold were passed to the

inner ear through the middle ear (local cooling) since overall bOdy core

temperature is not affected.

Impedance

In a normal ear, when a sound wave enters the external auditory canal

it travels to the tympanic membrane where some of the acoustic energy is

reflected back out and the rest causes the membrane to vibrate. The size of

the reflected portion of the wave is affected by the condition of the ear's

mechanical components: the tympanic membrane, middle ear ossicles, tensor

tympani and stapedius muscles, tendons and ligaments, and the oval and round

windows. The amount of energy in the reflected wave may be determined by

measuring the sound pressure in the external meatus and subtracting from the

total the (known) sound pressure of the incoming sound wave. When the middle

ear mechanism is stiff, less energy would be transmitted to the inner ear and

more of the incoming wave would be reflected back out of the external meatus.

This stiffness or resistance, or lack of it, that the middle ear system

presents to the incoming sound waves is referred to as impedance.
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Total impedance is determined by the combined reactance and compliance

of the ear. The reactance of the ear may be defined as the amount of

resistance the middle ear (membrane, ossicles, etc.) presents to the incoming

sound waves. Compliance is, of course, just the opposite. It refers to the

decrease in stiffness of the middle ear system. Normal ears present relatively

low acoustic impedances because a sizable amount of energy is absorbed and

enters the middle ear. If the eardrum is prevented from vibrating freely or

if the ossicles cannot move freely, the reactance (or resistance) increases,

less energy is absorbed, and there is a loss of transmission to the cochlea.

Compliance of the ear differs from the compliance of a similarly sized hard

walled cavity because some of the energy is absorbed at the eardrum and by the

middle ear. The more compliant the drum and middle ear system, the more

energy will be absorbed or, to put it differently, acoustic impedance increases

as compliance decreases and vice versa.l’2 In the case of the ear, sizable

changes in impedance are exhibited audiometrically. Specifically, increased

stiffness in the middle ear results in an audiogram that displays a "stiffness

tilt" (poorer than normal hearing in the low frequencies and normal or better

than normal hearing in the higher frequencies) in the air—conduction thresholds.3

There are currently two acoustic bridges (Madsen and Zwislocki) commerci-

ally available for measuring impedance in the ear. Because of the time

 

lMadsen Model 20 7O Electro-Acoustic Impedance Bridge Manual, p. 2.

’3

“K. Terkildsen and H. A. E. van Dishoeck, "Impedance Measuring and

Tubal Function," (Buffalo: Madsen Electronics Corp.).

3P. Campbell, "The Importance of the Impedance Formula in the Inter—

jpretation of Audiograms," Transactions of the American Academy of Ophthalmology

and Otolaryggolog, 5h (1950T, pp. 245-252.
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constraints in this research1 and because of the severe physical limitations

of the testing environment, the Madsen Model 20 70 Electro-Acoustic

Impedance Bridge was selected. This particular bridge has been successfully

used in a variety of research.

lamb and Peterson, using the Madsen Bridge, demonstrated how pseudo-

hypacusis was identified in two adult subjects. They comment: "Whenever

reflex thresholds are better than auditory thresholds, there can be little

doubt that some degree of pseudohypacusis is present."2

Robertson et al.3 used this acoustic bridge and measured acoustic reflex

thresholds to stimuli of 500 Hz, 1000 Hz, and 2000 Hz in a group of ten very

young children (aged 12 to 36 months). They concluded that the use of an

acoustic bridge to help diagnose auditory problems of young children has merit.

Norris and Lamg4used the Madsen Bridge with 15 normal children and 15

mentally retarded children ranging in age from h-l/2 to 12 years. They found

about 5 dB test-retest variability in the acoustic reflex threshold to a

stimulus of 250 Hz.

The Schuster Bridge, prototype of the Madsen Bridge, and slight varia-

tions of it have been used in a large body of research.5 Impedance bridges

 

1Since it was not known how long the effect of the cold exposure on the

ear would last it seemed desireable to be able to make all measurements

following the exposure as quickly as possible.

2L. E. Lamb and J. L. Peterson, "Middle Ear Reflex Measurements in

Pseudohypacusis," Journal of Speech and Hearinngisorders, 32 (1967), p. 50.

3E. O. Robertson, J. L. Peterson, and L. E. Lamb, "Relative Impedance

Measurements in Young Children," Archives of Otolaryngology, 88 (1968),

"T. W. Norris and L. E. Lamb, "Relative Acoustic Impedance Measurements

with Mentally Retarded Children," presented at the convention of the American

Speech and Hearing Association, Denver 1969.

5See bibliography.
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in general, and the Madsen Bridge in particular, have provided a simple and

reliable method for determining the presence of middle ear muscle reflexes.

Tympanic Thermometer

In 1963 a method was reported by the National Naval Medical Center in

Bethesda for taking body temperature at a site not previously used, the

tympanic membrane. Experimental evidence was presented which described the

method and supported its accuracy. A thermoelectric method was chosen (as

opposed to thermistor methods) because suitable thermocouples could be easily

and inexpensively produced which are disposable and because their response

is linear. The probe was inserted into the external auditory meatus until it

touched the tympanic membrane. This point is determined both tactually and

by following instructions given in the manual. Benzinger and Taylor1 described

the development of the tympanic thermometer and compared tympanic temperature

measurements with rectal temperature and cranial temperature measurements

taken in the anterior ethmoidal region, the anterior wall of the sphenoid sinus,

and Rosenmueller's fossa (all entered through the nasal cavity). The authors

concluded that tympanic temperature measurements are highly sensitive and

accurate as measures of body core temperature2 and, in addition, are quick and

simple to Obtain.

The equipment for taking tympanic temperature is now being commercially

manufactured and is available to the public.3 It has been successfully used

in the operating room for monitoring the patient's body temperature during

 

1T. H. Benzinger and G. W. Taylor, "Cranial Measurements of Internal

Temperature in Man," pp. 111-120.

2The authors found that cold environments did affect tympanic temper-

atures, however.

3Tympanic Thermometer Probe #10h382, Radiation Systems, Inc., Meienn,

Virginia.
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1,2 . . . - t
surgery and shows particular promise in cases where the patient 3 body

temperature is lowered during surgery in order to reduce circulation, etc.

Tympanic thermometry has been suggested3 as a possible way to identify

incipient drastic changes in body temperature which sometimes occur during

anesthesia for an operation.

 

1W. T. Dickey, E. W. Ahlgren, and C. R. Stephen, "Body Temperature

{nonitoring Via the Tympanic Membrane," The Tympanic Thermometer in the

(lperatinngoom.Environment (McLean: Radiation Systems Inc.), pp. 1-18.

2R. D. Wilson, et al., "Anesthetic Management of the Poor Risk

Ihatient," The Tympanic Thermometer in the Operating Room Environment, pp. 19—h0.

3George E. Shambaugh, Jr., "Tympanic Thermometry During Anesthesia,"

Arwflnives of Otolaryngology, 90 (1969), p. 28.

1'General anesthesia removes the body's ability to monitor its own

txnnperature. Drastic changes in body temperature may occur which are

sometimes fatal .



CHAPTER III

EXPERIMENTAL DESIGN

subjects

Fifty college students with normal hearing and excellent general

health were selected to serve as subjects for this study. They were

chosen on the basis of age (between 17 and 26), sex (an effort was made

to use an equal number of males and females), and body build (only

subjects judged to be of approximately average height and weight were

used). In addition, each subject used passed a hearing screening test

at the following frequencies by air conduction: 125 Hz, 250 Hz, 500 Hz,

1000 Hz, 2000 Hz, hOOO Hz, and 8000 Hz. The screening test was adminis-

tered to both ears (separately) in the non—sound treated room in which the

actual testing was to be done. A 20 dB screening level was used for

125 Hz, 250 Hz, and 500 Hz and the remaining frequencies were screened at

15 dB (ISO l96h). A subject was considered to have passed the screening

test if he missed no more than one of the frequencies presented to either

ear at the levels given, as long as it was possible to reach his threshold

at the frequency failed within 10 dB above the screening level. In addition,

each subject had his ears inspected by an otologist in order to determine

that the tympanic membrane in both ears was intact and healthy and to rule

out any subjects whose external auditory canals were not of normal size,

configuration, and angle of inclination. Lastly, whenever necessary the

ears were cleaned of wax and/or other material.
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Of the 50 subjects thus selected four were discarded. In three

cases the subjects did not follow major directions properly during the

cold exposure (came out of the cold room too early, had their ears and/or

mouths covered during the cold exposure, etc.). In the fourth case the

subject repeatedly complained of discomfort and was dismissed before the

testing had been completed. The remaining A6 subjects served as the

subjects for this study. The subjects were paid for their participation

in the study.1

Table IV gives the means, ranges, and standard deviations for the

age, height, and weight of these A6 subjects as well as the number of

males and females used.

From this sample of h6 subjects nine were selected for more exten-

sive testing. These nine were chosen on the basis of having shown the

greatest post—exposure air-conduction threshold shifts and.their avail-

ability for continued testing.

Eguipment

A commercially available portable audiometer (Beltone, Model 12C)

with TDH 39 102 earphones mounted in MX hl/AR cushions was used for all

pure-tone air-conduction testing. This audiometer allows for thresholds

to be made to the nearest decibel and is calibrated to ISO 196A standards.

 

1These h6 subjects were selected from an initial group of 100 college

students who had volunteered to be included in this research. Of these

remaining 5h students A were rejected as described above, 15 never showed up

for their initial otological examination, and.35 were rejected on the

following grounds: did not pass the hearing screening test - 9; were judged

to be considerably heavier than average - 3; had some medical condition such

as high blood pressure which contraindicated cold exposure - 5; failed to

pass the otological screening for reasons such as retracted drums, steep

angulating canals, scarring on drums, external otitis, etc. - 18.



Table IV.--Means, Standard Deviations, and Ranges of Age, Height and

Weight for the A6 Subjects. The Number of Males and

Females is also Given.

 

 

 

Standard Range

Mean Deviation Minimum Value Maximum Value

Age (years) 19.80 1.78 17 26

Height (inches) 66.78 3.65 59 73

Weight (pounds) 136.59 20.62 100 180

Number of Males: 20 Number of Females: 26
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It was found to be satisfactorily linear for use in 2 dB steps. A 20 dB

attenuation pad was inserted in one air-conduction line and in the bone-

conduction circuit. American Optical Company ear muffs were used in

measuring occluded bone-conduction thresholds. The bone-conduction oscil-

lator used was a Radioear B 70 A white dot provided with the audiometer.

The pure-tone air-conduction system was calibrated.weekly during

the course of the investigation using an artificial ear assembly (Bruel

and Kjaer type A152) employing a condenser microphone (Bruel and Kjaer

type A132) with the associated sound level meter (Bruel and Kjaer type

2203) and octave band filter network (Bruel and Kjaer type 1613). The

bone—conduction system was calibrated at the beginning of the research and

again at its conclusion in the standard manner using an artificial mastoid

(Beltone Model MSA) and was found to be satisfactory.1

For making the impedance measurements necessary to this study an

impedance bridge (Madsen Acoustic Bridge, Model 20 70) was used. A schematic

diagram of this bridge is presented in Figure 1. This bridge is composed of

a pure-tone generator which produces a prObe tone of 220 Hz, a pressure

system made up of a pump and an electro-manometer, and a section fer acoustic

impedance measurements. The pure-tone generator is connected to areceiver

and a tube from the receiver cmmyeys the 220 Hz tone to the prObe unit

(which is part of the headset) and then into the external auditory meatus.

The meatus has been sealed forming an air-tight cavity. Some of the acoustic

energy is absorbed; the remainder is reflected.by the eardrum and conveyed

back to a microphone in the probe unit through a second tube. A third tube

 

1W. Olsen, "Artificial Mastoid Calibration of Bone Vibrators,"

Archives of Otolaryngology, 85 (1967), pp. 31h-318.
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is connected to the probe unit from the pressure system which allows posi-

tive or negative air pressures to be applied to the external auditory canal.

The sound pressure level in the canal may be varied.

When the compliance control is adjusted to give a zero reading on the

balance meter the sound pressure level in the canal is precisely 95 dB.

(When the microphone voltage equals 18 volts the voltage at the balance

meter is zero since it has been perfectly balanced with the DC 18 volt supply

provided by the bridge on the other side of the meter.) With this equipment

the reactance or compliance of the ear may be read on a scale in acoustic

ohms or in cc and the impedance calculated in acoustic ohms. In addition, it

is possible to determine the presence or absence of the middle ear muscle

reflexes, measure the compliance of the ear under a variety of air pressures

and perform other impedance measurements.

A tympanic thermometer (Radiations Systems, Inc. Model #10A382) was

used for making temperature measurements at the tympanic membrane. The

tympanic thermometer itself is battery operated and is a small (13" x 9" x 7")

portable (lA—l/2 lbs.) cabinet from'which a six foot lead connects to inter-

changeable, disposable probes or thermocouples which consist of constantan

and copper wire embedded in thin polyethylene tubing. The end of the wire is

looped and the soldered junction is embedded in the tubing, also.

Thermocouple wires surrounded with polyethylene tubing facing the interior of

the auditory canal with their free ends help to hold the probe in place

against the tympanic membrane while the temperature measurement is being made.

The use of a thermoelectric method (as opposed to thermistor measure-

ments) requires amplification. This is provided so that readings may be made

to 1/100° C. Using this equipment tympanic temperature ney'be Obtained within
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15 seconds at an accuracy of up to 0.2° C. Readings on the tympanic

thermometer may be made in either degrees Fahrenheit or Centigrade.

Test Environment
 

All of the pre and post—exposure pure-tone air and bone—conduction

thresholds, acoustic impedance readings, and tympanic temperature measurements

were made in an empty and quiet, but not sound-treated room. This room is

ordinarily used as a conference room and is located on the main floor of the

Michigan State University Food Stores building. The ambient noise level in

this room is described in Table V. These measurements represent the average

of measurements on several different occasions. They were Obtained with a

sound level meter (Bruel and Kjaer type 2203) and associated octave band

filter network (Bruel and Kjaer type 1613) employing a one-inch sound field

condenser microphone (Bruel and Kjaer type A131). The noise levels Obtained

were felt to be sufficiently low so as not to seriously interfere with pure-

tone air-conduction threshold measurement.l However, it was felt that it was

necessary to use ear muffs in order to Obtain bone-conduction threshold

measurements.

For the cold exposure the subjects were placed in a very large (120 feet

by 120 feet) commercial type freezer located on the main floor of the Michigan

State University Food Stores building, across a hallway from the testing room.

The temperature in the freezer ranged from -3° F. to -10° F. during the course

of the investigation and averaged -7.07° F. The freezer is located about

50 feet from the area which was used for the testing. The doors to the freezer

can be electrically or manually operated both from within and.from.without.

 

1J. Cox, "How Quiet Must it be to Measure Normal Hearing?" Noise

Control, 1 (1955). pp. 25-29.
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Table V.-—Mean Ambient Noise Measurements in the Conference Room of

the Michigan State University Food Stores Building. N = 8.

 

 

 

Octave Band Readings (in dB SPL re 0.0002 micrObar)

125 Hz 5A

250 Hz h7

500 Hz A1

1000 Hz 35

2000 Hz 25

A000 Hz 17

8000 Hz 1A

A scale A3

B scale 56

C scale 65
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The freezer was in use during the period of the testing but the testing was

carried out in the evenings, following the close of the ordinary working day.

Test Procedures

The subjects were instructed to eat nothing following lunch on the

day on which they were to participate in the research. Immediately upon

their arrival they were provided with a donut and a glass of milk and then

waited 3O mdnutes to one hour befOre testing began. In this way an attempt

was made to rule out differences in body metabolism as a complicating

factor. Following the completion of the testing the subjects were provided

with a light supper.

Each of the A6 subjects had their pure-tone air—conduction thresholds

determined in both ears at octave intervals from 125 Hz through 8000 Hz.

Because of the high ambient noise level in the test environment, conditions

were not ideal for bone-conduction testing. It was desireable, nevertheless,

to obtain the most sensitive and reliable bone-conduction thresholds possible

under these conditions. Therefore, bone-conduction thresholds were Obtained

without masking at octave intervals from 250 Hz through A000 Hz using a

forehead oscillator placement and with the ears occluded. Occlusion of the

ears results in enhancedtmme conduction sensitivity, particularly in the low

frequencies.1 Masking was not used in order to avoid the central masking

phenomenon which produces an adverse effect on sensitivity of about 5 dB.2

It was, of course,assumed thatthe bone-conduction responses were consistently

elicited from the better ear (since masking was not used) and that, since

 

1R. F. Naunton, "Clinical Bone-Conduction Audiometry," Archives of

Otolaryngplogy, 66 (1957), pp. 281-298.

2D. Dirks, "Bone Conduction Measurements," Archives of Otolaryngology,

79 (196k). pp. 59h-599.
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both ears were exposed to the cold, they would both be affected by it in

the same way. Forehead oscillator placement was used because it has been

demonstrated to yield more reliable thresholds than mastoid placement.1

The bone-conduction oscillator was positioned at the midline of the forehead

approximately one inch above an imaginary line drawn across the subject's

eyebrows. As Jerger and Tillmanz noted, exact placement of the oscillator

is not critical in this region.

In order to make the research conditions as similar as possible

to clinical routine all pure-tone testing was carried out employing the

Hughson-Westlake ascending technique as described by Carhart and Jerger3

with the exception that thresholds were measured in two decibel steps. The

specific order in which the frequencies were presented to all subjects at

all times was: 1000 Hz, 2000 Hz, A000 Hz, 8000 Hz, 125 Hz, 250 Hz, 500 Hz

with the single exception that at times 1000 Hz was rechecked between 8000 Hz

and 125 Hz. (The bone-conduction testing order was 1000 Hz, 2000 Hz,

A000 Hz, 250 Hz, 500 Hz: at times 1000 Hz was rechecked between A000 Hz

and 250 Hz.)

Following the first air-conduction threshold testing, the better

ear was selected and identified as the test ear. Air-conduction thresholds

were obtained a second time in this ear. Following a twenty minute break,

air-conduction thresholds were obtained a third time in the test ear.

 

JD. Dirks, "Factors Related to Bone Conduction Reliability," Archives

of Otolaryngology, 79 (196A), pp. 551-558.

2J. Jerger and T. Tillman, "A New Method for the Clinical Determination of

Sensorineural Acuity Level (SAL)," Archives of Otolaryngology, 71 (1960), p. 9A9.
 

3R. Carhart and J. Jerger, "Preferred Method for Clinical Determination

of Pure—Tone Thresholds," Journal of Speech and Hearing Disorders, 2A (1959),

pp. 330—3A5.
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The bone-conduction threshold testing was also done at this time. This

provided pre—exposure thresholds and eliminated the complication of having

thresholds improve with practice and thereby contaminate the results obtained

following the cold exposure.

For 37 of these subjects tympanic temperature was also determined prior

to the cold exposure. The thermocouple wires were inserted into the

external canal until they reached the tympanic membrane. This point was

determined in three ways. Tactually, when the probe reached the drum

there was the distinct feeling of a sudden resistance to further insertion.

Secondly, the subject usually reported a slight "twinge" when the probe

touched the drum. Thirdly, the highest temperature reading possible in the

canal is on the drum. Therefore, a final check to correct placement was to

slightly withdraw the probe. If the probe was correctly placed originally

the tympanic temperature dropped somewhat when the probe was withdrawn

slightly (and then, of course, replaced).l

In some of the subjects a variety of impedance measurements were

made using the acoustic bridge. Measurement of acoustic impedance in the

 

1It is of interest to note that of the 39 subjects who originally

participated in this aspect of the study only two (leaving 37 included)

found having their tympanic temperature taken to be so unpleasant that

the attempt was ended before tmetemperature had been properly registered

(the procedure takes about 15 seconds). Most of the subjects felt that

the sensation of having the probe touch the tympanic membrane was unpleasant

but not overly so. In a few cases the subject's head jerked slightly when

the probe touched the drum but once the sensation had been experienced there

‘were no further head movements.
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plane of the eardrum was made in A5 subjects. The procedure followed was

to first check that the sensitivity and pump controls on the bridge were

set to zero. The headset was then fitted with a TDH 39 earphone and the

three apertures in the probe checked to see that they were clear. An

eartip of suitable size was selected and fitted onto the probe. The probe

was then inserted into the meatus and then checked to ascertain that an

airtight seal had been achieved (by increasing the canal pressure to +200

mm water pressure and waiting a few seconds to observe on the pump control

that the pressure had held steady).1 The sensitivity control was then set

to position 1 (which provides a balance meter sensitivity of :_1 cc). The

compliance control was then adjusted as necessary in order to obtain a

zero reading on the balance meter and the reading noted in acoustic ohms

from the main scale. This reading represents Zl in the formula below.

It is the point at which the ear is least compliant and approximately

represents the actual canal volume. (As stated earlier, these readings

may be made in ohms or in cc.)

The pressure in the ear canal was then reduced until the point was

reached when the balance meter needle had reached its maximum left swing and

 

1If an airtight seal had not been achieved, either a different

size eartip was tried or some vaseline was applied to the outer edges of

the eartip.



35

the compliance control adjusted in order to obtain a zero reading on the

balance meter. This reading from the main scale was again made in acoustic

ohms and represents 22 in the formula below. It is the point of maximum

compliance of the middle ear system. Acoustic impedance in the plane of

the eardrum was then calculated using the following formula:

Zl x 22

x Zl - 22

A measurement of middle ear pressure was noted for 11 subjects. The

headset was not removed. Sensitivity and pump controls were reset at zero,

the canal pressure raised to +200 mm and the sensitivity control returned

to position 1. The compliance control was adjusted until the balance meter

registered 10. The pump control was then rotated to reduce the canal

pressure until the balance meter reading was at the lowest point that could

be achieved. The pump control was rotated back and forth in order to be

sure of the minimum reading. At this point the eardrum is in the midline

position and the air pressure on both sides of it are equal. The equivalent

middle ear pressure (presumably 0 mm water pressure in a normal ear) was then

read off of the manometer.

Compliance readings at a variety of pressure settings were taken for 15

subjects, in order to determine the compliance of the eardrum under varying

canal pressure conditions. Again, the headset was not removed and sensitivity

and pump controls were returned to zero. The pressure in the canal was then

raised to +200 mm and the sensitivity control set to position 1. The

compliance control was adjusted so that the balance meter reading was 10.

The canal pressure was then reduced in A0 mm steps and the balance meter
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readings noted at each of the pressure settings tested: +160 mm, +120 mm,

+80 mm, +AO mm, 0 mm, -A0 mm, —80 mm, -l20 mm, -l6O mm, and -200 mm.

In five cases the intra-aural stapedius muscle reflex threshold to a

250 Hz1 stimulus was measured. Again, the headset was not removed. Sensi-

tivity and pump controls were returned to zero and the pump control adjusted

to the middle ear pressure found previously. The sensitivity control was

then set consecutively to positions 1, 2, 3, and A. At each setting the

compliance control was adjusted in order to obtain a zero reading on the

balance meter. (The final sensitivity setting, position four, provided a

balance meter sensitivity of :_0.025 cc.) The audiometer frequency was

set at 250 Hz and short bursts (1 to 2 seconds) were presented beginning

at 70 dB in five dB steps until the balance meter needle was clearly deflected,

indicating that the intra-aural muscle reflex threshold had been reached.

Each subject was allowed to dress as warmly as he desired (leaving

the head and ears exposed) before entering the freezer. The subjects were

instructed as follows:

1. When you enter the freezer do not close the door behind you.

It is to remain open at all times.

2. Do not remain near the door, however. Move to the back or side

of the freezer. You may walk around but do not run, jog,

exercise or engage in any type of strenuous activity.

3. Do not touch anything in the freezer.

A. Do not cover your mouth or ears at any time. If you become too

cold, your ears get numb, you start to "tingle," or become

uncomfortable in any way come out of the freezer and directly

back to the testing room.

 

1This frequency was chosen because it was within the range of

frtaqueneies affected by the cold exposure.
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The subjects were shown how to operate the freezer doors and again

reminded to leave it open from two to three feet at all times. (This does

not affect the temperature deeper within the freezer.) The subjects were

asked to spend twenty minutes in the freezer. The examiner escorted the

subjects into the freezer and took them back to the testing area following

the twenty minute exposure period. Each subject was alone in the freezer

for the twenty minutes, however.

The order of tests was as follows: air-conduction testing, bone-

conduction testing, impedance testing (when done), temperature testing

(when done). The same order of testing was followed during the post-exposure

testing session. When hearing thresholds shifted, the subjects were not

allowed to leave the building until the affected thresholds had returned to

pre-exposure levels. Generally a threshold check was made one hour following

the conclusion of the cold exposure. If thresholds had not yet returned to

their pre-exposure levels, another check was made 15 or 20 minutes later. In

all cases thresholds had returned to normal within 80 minutes following the

conclusion of the cold exposure.

Nine subjects were selected for more intensive testing. Each returned

for three additional testing sessions with at least 2A hours but not more than

four days between each session. These sessions differed in the length of

cold exposure —- one being of five minutes duration, one of ten minutes dur-

ation, and the third a repeat of the 20 minute duration. At each of these

three testing sessions the following procedures were carried out in the test

ear'both before and after the cold exposure: tympanic temperature was

zuscertained, pure—tone air—conduction thresholds were Obtained once for

jpraetice and once for pre-exposure thresholds as described above, and various
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impedance measurements were made in the following order -- acoustic impedance

in the plane of the eardrum, middle ear pressure, compliance readings at

various pressure settings and intra—aural muscle reflex threshold to a

stimulus of 250 Hz. The order in which these procedures were carried out

both in pre and post-exposure testing was as follows:

Subjects 1, 2Land 3:

Exposure 5 minutes -- tympanic temperature, acoustic bridge,

pure-tone thresholds

Exposure 10 minutes -- acoustic bridge, pure—tone thresholds,

tympanic temperature

Exposure 20 minutes -- pure-tone thresholds, tympanic temperature,

acoustic bridge

Subjects A, 5L and 6:

Exposure 5 minutes -- acoustic bridge, pure-tone thresholds,

tympanic temperature

Exposure 10 minutes -- pure-tone thresholds, tympanic temperature,

acoustic bridge

Exposure 20 minutes -- tympanic temperature, acoustic bridge,

pure-tone thresholds

Subjects 1L 8, and 9:

Exposure 5 minutes —- pure—tone thresholds, tympanic temperature,

acoustic bridge

Exposure 10 minutes -- tympanic temperature, acoustic bridge,

pure-tone thresholds

Exposure 20 minutes -- acoustic bridge, pure-tone thresholds,

tympanic temperature
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In addition, in order to examine recovery patterns, pure-tone air-

conduction thresholds were obtained in the test ear for each subject

immediately following the cold exposure (as described above) and then every

20 minutes until the thresholds returned to normal and became stable.

Finally, tympanic temperature and all impedance measurements were

made once more for each subject.

 

1For the purposes of this study thresholds were considered stable when

they had been measured no less than two times at 20 minute intervals with no

changes observed (: 2 dB).



CHAPTER IV

RESULTS

This chapter is divided into five sections. The first deals with the

effect of a 20 minute cold exposure on pure—tone air and bone-conduction

thresholds for the total group of A6 subjects. The second section is

concerned with the effect of the cold exposure on tympanic temperature and

the relationship between air and bone-conduction thresholds and tympanic

temperature. The third section deals with the impedance measurements and

their relationship to the first two variables. The next section concerns

these three variables for nine subjects who were subjected to varying exposure

durations. Finally, the fifth section examines the nature and pattern of

the recovery from the shifts found.

Various statistical techniques were applied to the data, including

such tests as tests of significance, simple correlation, and one-way analysis

of variance. The .05 confidence level was selected as the point at which

data were determined to be significant throughout the text, except where a

specific statement is made to the contrary. The analyses were carried out on

tfluaiMiehigan State University CDC 3600 computer. All of the data on the

significance levels of the means and correlation coefficients were derived

ftxnn the Michigan State University Agricultural Experiment Station MDSTAT

congnuxer routine (Description #6), "Calculation of Basic Statistics when

Missirm; Data Is Involved."1 The data concerning the analysis of variance and

'lProgram published by Michigan State University Agricultural Experi-

mentIE3tation, the MDSTAT Routine, (STAT Series Description No. 6), Computer

Laboratory, Michigan State University, East Lansing, Michigan.

A0
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the F statistics for significance levels were derived from the Michigan State

University Agricultural Experiment Station UNEQ 1 computer routine (Description

#13), "One-Way Analysis of Variance with Unequal Number of Replications

Permitted."l

Pure-Tone Air and Bone-Conduction Thresholds
 

This section will attempt to answer the first experimental

question: What effect, if any, does exposure for 20 minutes

to temperatures ranging from -3° F. to -lO° F. have on an

individual's pure-tone air and bone-conduction thresholds?

No effort was made to directly compare air—conduction and bone-conduction

thresholds. The primary reason for this was that the high intensity level

of the low frequency ambient noise in the test environment would.have inter-

fered with Obtaining absolute bone-conduction thresholds. Further, it was

felt that if a subject passed the screening test administered at the start of

this study it was highly unlikely that any significant air-bone gap could be

present. For these reasons no attempt was made to establish bone-conduction

thresholds prior to the cold exposure that could be directly compared to

the air-conduction thresholds found. Instead, great care was taken to insure

that the bone-conduction thresholds Obtained prior to the cold exposure

would be perfectly comparable to those obtained following the exposure. For

this reason a forehead oscillator placement was used and occluded bone-

conduction thresholds were obtained. Therefore, pre-exposure and post-

exposure bone-conduction thresholds per as are not presented. Instead the

shifts in bone conduction following the exposure are given. In Table VI

are found the ranges, standard deviations, and meansfbr the shifts in

 

lProgram published by Michigan State University Agricultural Experiment

Station, The UNEQ 1 Routine, (STAT Series Description No. 13), Computer

Laboratory, Michigan State University, East Lansing, Michigan.
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occluded bone—conduction thresholds and the significance levels of the mean

shifts (from pre-eXposure readings to post-exposure readings) found at the

frequencies tested for the total group of A6 subjects following a 20 minute

cold eXposure.

Table VI.--Ranges, Means, Standard Deviations, and Significance Levels of the

Shifts in Occluded Bone-Conduction Thresholds Found for the A6

Subjects Following a 20 Minute Cold Exposure.

 

 

Range* Standard Significance

Minimum Value Maximum Value Mean* Deviation* Level of Mean

 

250 Hz -20.00 1A.00 -0.59 7.h3 0.62

500 Hz -l6.00 18.00 -0.hh 6.09 0.65

1000 Hz -10.00 10.00 0.15 A.13 0.82

2000 Hz -12.00 1h.00 -0.29 5.72 0.75

h000 Hz -8.00 8.00 -0.83 3.82 0.17

 

*In dB re pre-exposure level

The mean shifts found by occluded bone-conduction testing following the

cold exposure were extremely small (the largest mean shift being less than 1 dB),

and none of the shifts differed significantly from zero (P 2 .17). In addition,

no one subject showed consistent bone-conduction threshold shifts following the

cold exposure. It would appear, then, that 20 minutes of cold exposure under

these conditions does not measurably affect bone-conduction thresholds.

The ranges, means, and standard deviations of the pre and post-exposure

air-conduction thresholds and the significance levels of the mean shifts for

the total group of A6 subjects, as well as the shifts in air-conduction

thresholds, at the frequencies tested, are shown in Tables VII and VIII, and

graphically in Figure 2.

The effect of the ambient noise level in the testing room can be seen

on the low frequencies. Since the high frequency thresholds are close to
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Table VII.——Ranges, Means, and Standard Deviations of the Pre and Post-

Exposure Air-Conduction Thresholds Found for the A6 subjects

Following the 20 Minute Cold Exposure

 

 

 

 

Range* ‘Standard

Minimum Value Maximum Value Mean* Deviation’

Pre—exposure

A/C Thresholds

125 Hz 1 20 10.80 5.28

250 Hz 7 2A 15.13 A.50

500 Hz 6 2A 17.59 3.A9

1000 Hz -7 13 5.91 3.99

2000 Hz —1A 16 -1.98 6.69

A000 Hz -12 10 -2.33 5.31

8000 Hz -1A 23 2.67 8.71

Post-exposure

A/C Thresholds

125 Hz b 23 13.97 A.65

250 Hz 10 28 17.65 h.28

500 Hz 8 27 19.A2 h.38

1000 Hz -5 19 6.82 h.h0

2000 Hz -16 16 —2.2A 6.93

h000 Hz -1A 16 -2.Al 6.50

8000 Hz -16 21 2.06 9.16

*In dB re 0 Hearing Level (ISO 196A).
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Table VIII.--Ranges, Means, Standard Deviations and Significance Levels

(of the Means) of the Air-Conduction Threshold Shifts Found

for the A6 Subjects Following the 20 Minute Cold Exposure.

 

Range* Standard Significance

Minimum Value Maximum Value Mean* Deviation* Level of Mean

 

125 Hz -8 12 3.17 A.21 (0.0005

250 Hz —A 10 2.52 3.30 <0.0005

500 Hz —6 8 1.83 3.70 <0.002

1000 Hz —A 6 0.91 2.37 0.01

2000 Hz -10 6 -0.26 2.75 0.52

A000 Hz —6 10 -0.09 3.A0 20.86

8000 Hz -8 10 —0.61 3.67 0.27

 

*In dB re pre—exposure threshold
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0 dB hearing level it seems reasonable that the low frequencies should also be

near 0 dB hearing level. Thresholds appeared to be worsened by about 10 dB at

125Hz, 15 dB at 250 Hz, 18 dB at 500 Hz, and 6 dB at 1000 Hz.1 This does not

seem unreasonable given the ambient noise levels (see Table V). Even with this

level of "masking" present, however, it can be seen that the cold exposure

did adversely affect the air-conduction thresholds in the lower frequencies

(from 125 Hz through 500 Hz) following the 20 minute cold exposure, and

slightly improved (though not significantly so) the higher frequencies (from

2000 Hz through 8000 Hz).

The mean air—conduction shift found was significantly different from

zero at 125 Hz, 250 Hz, and 500 Hz at a confidence level greater than 0.0005.

The mean shift at 1000 Hz was also significant statistically. The shifts at

he remaining frequencies, however, were not. The mean threshold shifts found

from 125 Hz through 1000 Hz were all in the direction of poorer hearing whereas

at the higher frequencies the shifts were all in the direction of slightly

improved hearing. This type of audiometric curve, with depressed low fre-

quency air-conduction thresholds and somewhat improved high frequency thresholds,

when accompanied by normal bone-conduction thresholds, is usually considered to

2

‘be representative of increased stiffness in the mechanical action of the ear.

An operational definition was established for determining which of these

subjects should be classified as "shifters" in air-conduction thresholds

kallowing the cold exposure. It was decided that a subject would be classi-

fiexi as a shifter if two of the three low frequency thresholds (125 Hz, 250 Hz

 

l

The possibility exists that the threshold shifts found would have been

everl larger had true pre—exposure air-conduction thresholds been obtained.

2

Campbell, "The Importance of the Impedance Formula in the Interpreta—

ticnl of Audiograms," pp. 2A5-252.
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and 500 Hz) shifted by +A dB or more and the third shifted by at least +2 dB.

In this way 20 subjects (10 males and 10 females) were found to have had

air-conduction thresholds that were shifted downward by the cold exposure.

Tables IX and X show the ranges, means, and standard deviations of the pre

and post—exposure air-conduction thresholds for this group of subjects, the

shifters, as well as the shifts in air-conduction thresholds found, at the

frequencies tested. Figure 3 presents this same data graphically. Tables XI

and XII and Figure A present +he same data for the remaining 26 subjects

classified as "non-shifters." One-way analysis of variance was used to determine

statistical significance of the differences between the shifters and non-

shifters. The F statistic and the significance level of the F statistic for

the two groups is shown in Table XIII.

The threshold shifts found in the shifters' group were greatest in the

low frequencies (in the direction Of poorer hearing), dissappeared in the mid

frequencies and became very slightly improved in the high frequencies. This

is the same "stiffness tilt" as seen in Figure 2. The non-shifters, on the

other hand, showed virtually no threshold shifts at any frequency and the

variation around zero appeared to have no pattern. It can be seen in Table XIII

that the differences in the air—conduction shifts between the two groups are

highly significant at 125 Hz, 250 Hz, and 500 Hz (at a level of >0.0005).

Moreover, when Tables IX and XI are compared it can be seen that the subjects

classified as shifters had slightly better pre-exposure air-conduction

thresholds than the non-shifters at all frequencies; however, none of the pre—

exposure thresholds are significantly different from those found for the total

group (Table XIII). The post-exposure thresholds found for the shifters are

poorer from 125 Hz through 500 Hz (as would be expected by definition),
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Table [X.-—Ranges, Means, and Standard Deviations of the Pre and Post—

Exposure Air-Conduction Thresholds Found for the 20 Subjects

Classified as Shifters.

 

 

 

Range* Standard

Minimum Value Maximum Value Mean* Deviation*

Pre—exposure

A/C Thresholds

125 Hz 2 19 9.70 A.3A

250 Hz 7 2A 13.85 A.22

500 Hz 6 22 16.60 3.28

1000 Hz -5 11 5.70 3.7A

2000 Hz -10 7 -3.30 5.36

A000 Hz -12 10 —3.A0 5.92

8000 Hz -1A 18 1.A0 8.27

Post-exposure

A/C Thresholds

125 Hz 8 23 15.80 A.32

250 Hz 13 28 19.25 A.30

500 Hz 12 27 21.80 3.66

1000 H7 —5 13 6.90 A.08

2000 Hz -10 8 -3.00 5.35

u000 Hz -1h 16 -3.90 7.52

3000 Hz -16 12 1.30 8.63

 

*In dB re 0 Hearing Level (ISO 196A)
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Table X.--Ranges, Means, and Standard Deviations of the Shifts in Air-

Conduction Thresholds Found for the 20 subjects Classified

as Shifters.

 

 

 

Range* Standard

Minimum Value Maximum Value Mean* Deviation*

125 Hz 2 12 6.10 2.9A

250 Hz 2 10 5.A0 1.96

500 Hz 2 8 5.20 1.77

1000 Hz -A 6 1.20 2.38

2000 Hz -A 6 0.30 2.A5

A000 Hz —6 6 -0.50 3.17

8000 Hz -6 8 -0.10 3.70

 

*In dB re pre-exposure threshold.
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Table XI.——Ranges, Means, and Standard Deviations of the Pre and Post-

hxposure Air-Conduction Thresholds Found for the 26 subjects

Classified as Non—Shifters.

 

 

 

 

Range* Standard

Minimum Value Maximum Value Mean* Deviation*

Pre-exposure

A/C Thresholds

125 Hz 1 20 11.65 5.8A

250 Hz 8 2A 16.12 A.5A

500 Hz 8 2A 18.35 3.52

1000 Hz —7 13 6.08 A.2A

2000 Hz -1A 16 —0.96 7.50

A000 Hz -9 6 —1.50 A.75

8000 Hz -1A 23 3.65 9.07

Post-exposure

A/C Thresholds

125 Hz A 20 12.57 A.A8

250 Hz 10 26 16.A3 3.91

500 Hz 8 2A 17.58 A.0A

1000 Hz -5 19 6.77 A.71

2000 Hz -16 16 -1.65 7.99

A000 Hz e11 8 —1.27 5.A6

8000 Hz -16 21 2.65 9.68

*In dB re 0 Hearing Level (ISO 196A).
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Table XII.--Ranges, Means, and Standard Deviations of the Shifts in Air-

Conduction Thresholds Found for the 26 subjects Classified

as Non-Shifters.

 

 

 

Range* Standard

Minimum Value Maximum Value Mean* Deviation*

125 Hz -8 8 0.92 3.63

250 Hz -A A 0.31 2.2A

500 Hz -6 6 -0.77 2.A7

1000 Hz —A 6 0.69 2.A0

2000 Hz -10 A -o.69 2.9A

A000 Hz —6 10 0.23 3.59

8000 Hz -8 10 -1.00 3.68

 

*In dB re pre-exposure threshold.



F
R
E
Q
U
E
N
C
Y

I
N

H
E
R
T
Z

I
2
5

2
5
0

5
0
0

I
K

2
K

4
K

8
K

  
-
2
0

 

 
 
  

 

53

 

 
  

4
O

7

 

(1796/ OSIIHP N/ 73/137 9N/UV3H

 
6
0

     
 

 
 

  KEY:  
P
R
E
-
E
X
P
O
S
U
R
E

-
—
-
P
O
S
T
-
E
X
P
O
S
U
R
E

F
i
g
u
r
e

A
.
-
A
u
d
i
o
g
r
a
m

s
h
o
w
i
n
g

t
h
e

m
e
a
n

p
r
e

a
n
d

p
o
s
t
-
e
x
p
o
s
u
r
e

a
i
r
-
c
o
n
d
u
c
t
i
o
n

t
h
r
e
s
h
o
l
d
s

f
o
r

t
h
e

"
n
o
n
—
s
h
i
f
t
e
r
s
.
"

N
=

2
6



5A

Table XIII.—-The F Statistic and the Significance Level of the F Statistic

for the Shifters Versus the Non—Shifters: By Frequency.

 

 

125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz A000 Hz 8000 Hz

 

Pre-exposure

A/C Thresholds
 

F Statistic 1.57 2.99 2.95 0.10 1.39 1.A6 0.75

Significance

Level 0.22 0.09 0.09 0.76 0.2A 0.23 0.39

Post-exposure

A/C Thresholds
 

F Statistic 6.03 5.A1 13.37 0.01 0.A2 1.89 0.2A

Significance

level 0.02 0.03 0.001 0.92 0.52 0.18 0.63

A/C Threshold

Shifts

F Statistic 27.00 65.03 83.67 0.51 1.A9 0.52 0.67

 

Significance

Level < 0.0005 < 0.0005 < 0.0005 0.A8 0.23 0.A8 0.A2
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approximately the same at 1000 Hz and slightly better at 2000 Hz through

8000 Hz than the non—shifters.

Table XIV presents the correlations by frequency between pre and

post-exposure air—conduction thresholds for the total group of A6 subjects

and between pre-exposure threshold levels and the size of the threshold shift

for the total group and for the shifters and non-shifters. The significance

levels for the various correlations are also given. As would be expected the

correlations are highly significant at all frequencies between pre and post-

exposure thresholds which indicates that those persons who originally had

relatively poorer hearing continued to have it post-exposure. The correlation

was highest at the higher frequencies since there was little change in

threshold following exposure at these frequencies.

A comparison of Tables IX and XI shows that the mean thresholds Of the

shifters at all frequencies were better than those of the non-shifters

although this does not appear to be significant in Table XIII because of

variability in thresholds. When the threshold shifts were correlated with

pre-exposure thresholds at 125 Hz and 250 Hz, they were very significantly

related and there was a marginal correlation at 500 Hz. In all three eases

the relationship was negative indicating that the better the original threshold

at these frequencies, the greater the size of the threshold shift.

Tympanic Temperature

This section will attempt to answer the second set of experimental

questions:

Will pre-exposure tympanic temperature readings be within the

normal range and how will they be affected by the cold exposure?

What will be the relationship between tympanic temperature and

air and bone-conduction threshold shifts?
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The ranges, means, and standard deviations of the pre and post-

exposure tympanic temperature readings and shifts in tympanic temperature

as well as the significance level of the mean shift is given in Table IV.

It can be seen that the mean pre-exposure temperature was 98.00° F. which

agrees very well with the figure cited earlier by Ganong (98.10° F.) for

healthy young adults. The mean post-exposure temperature reading was

97.28° F. showing a mean shift in tympanic temperature for the total group

of 37 subjects following the cold exposure of -0.72° F. In no case did

tympanic temperature rise following the cold exposure although in a few

cases it was unchanged by the cold exposure. There was a slight difference

in the pre-exposure temperatures of the shifters and non-shifters. The

mean pre-exposure temperature for the shifters was 97.83° F., for the non-

shifters 98.15° F.1 The mean temperature shift was virtually the same for

both groups, being -0.68° F. for the shifters and -0.75° F. for the non-

shifters.

Table XV.--Ranges, Means, and Standard Deviations of the Pre and

Post-Exposure Tympanic Temperature Readings and Shifts

in Tympanic Temperature for the Total Group of 37 subjects.

 

 

 

Range“

Minimum Maximum Standard

Value Value Mean“ Deviation*

.Pre—exposure 96.70 99.50 98.00 0.55

LPost-exposure 95.AO 98.A0 97.28 0.68

'Temperature

Shift -2.A0 0.00 -0.72** 0.55

 

*In degrees Fahrenheit.

**Significant at less than the 0.0005 level.

 

1The F statistic for this difference is significant at the 0.07 level.
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In Table XVI are found the correlation coefficients and significance

level of the correlation between the size of the temperature shift and the

size of the air-conduction threshold shift at each of the frequencies tested.

It can be seen that none of these figures are statistically significant:

temperature shift and threshold shift are apparently unrelated.

Table XVI.-—Corre1ation Coefficients and Significance Level of the

Correlation between the Size of the Temperature Shift

and Size of the Air-Conduction Threshold Shift at Each

of the Frequencies Tested for the Total Group of 37 subjects.

 

 

125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz A000 Hz 8000 Hz

 

Correlation

Coefficient 0.07 0.03 0.18 -0.0A -0.17 -0.02 0.15

Significance

Level 0.70 0.85 0.30 0.81 0.31 0.90 0.39

 

It is of interest to note that for a period of several days the

outdoor temperature dropped to below the temperature in the freezer and it

was found that subjects had to wait in a warm (72° F.) room for approximately

one hour before tympanic temperatures reached normal. In one case tympanic

temperature readings were made at 20 minute intervals beginning with the

subject's arrival at the testing building. The particular evening involved

was not an especially cold one, 22° F., but there was considerable wind

‘bringing the chill factor down to +7° F. This subject walked from.his home

to the Food Stores Building which took him almost half an hour. His head was

exposed -- his usual winter clothing consisted of a warm coat, mittens, and

booms but no head or ear protection. His tympanic temperature upon his

arrival at the testing building was 93.7° F. At 20 minute intervals the
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tympanic temperature readings were 96.3° F., 96.8° F., 97.3° F. (normal

for this subject). It took somewhere between A0 and 60 minutes for this

subject's tympanic temperature to return to its normal state following a

25 minute exposure of 22° F. with a chill factor of +7° F.

Impedance Measurements

This section will attempt to answer the third set of experimental

questions:

Will pre-exposure impedance measurements be within the normal

range and how will they be affected by the cold exposure?

What will be the relationships between various impedance

measurements and tympanic temperature and air and bone-

conduction threshold shifts?

A variety of impedance measurements were made and these will be

considered separately. They are: acoustic impedance in the plane of the

eardrum, middle ear pressure, compliance readings at various pressure

settings, and intra-aural muscle reflex threshold. As explained earlier

not all of these measurements were made on all A6 of the subjects, there—

fore the N used will be given in each case.

Acoustic impedance in the plane of the eardrum is a measure of the

overall impedance of the middle ear system. On the average high impedance

reflects a stiffer middle ear system (as in a pathology such as otoscler-

osis) and low acoustic impedance implies increased compliance (such as in

'the case of a disarticulation in the middle ear ossicles). There are,

llowever, quite wide statistical variations within the range of normal

ianedance. ‘Hood reporum.a mean acoustic impedance of 1565 with a standard

(heviation of 593 and a range of 657 to 296A ohms using a sample of A2
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normal ears.l Some of this variation is undoubtedly due to the depth of

insertion of the eartip. In order to test this theory, two post-exposure

impedance readings were made for five Of the subjects, once using an

insertion done in the normal manner and once with the eartip inserted to

the point at which the pre-exposure volume had been matched. The former

shall be referred to as free impedance and the latter as controlled

impedance. The results for each of the five subjects is given in Table XVII.

Table XVII.--Pre—Exposure Acoustic Impedance Readings in the Plane of

the Eardrum and Controlled and Free Post-Exposure

Acoustic Impedance Readings in the Plane of the Eardrum

for Each of Five Subjects Thus Tested.*

 

 

 

Pre-Exposure Post-Exposure

Controlled Free

Subject 1 (shifter) 1621 1659 1562

Subject 2 (shifter) 22A5 2053 1989

Subject 3 (shifter) 21A8 225A 21A2

Subject A (shifter) 1908 2576 2A75

subject 5 (non-shifter) 2A75 25A7 2382

 

*In acoustic ohms.

The controlled post-exposure acoustic impedance measurement was always

larger (stiffer) than the free measurement. The differences, however, were

very small and well within normal test-retest variability. Hood reported a

mean test-retest variation of 130 ohms with a range of A to 3A7 ohms.2

Measurements of acoustic impedance in the plane of the eardrum were made on

 

1R. B. Hood, Convention Presentation, American Speech and Hearing

Association, Chicago, 1969.

2Ibid.
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AA out of the A6 subjects: free impedance measurements on 32 and controlled

impedance measurements on 17.1 The ranges, means and standard deviations

of the acoustic impedances found during pre and post—exposure testing and

the shifts found and.the significance Of the mean shifts are presented for

the total group of subjects and for the shifters and non-shifters separately

in Table XVIII. The post-exposure impedance measurements are presented

separately for the controlled and free impedance measurements. The mean

pre—exposure impedance levels agree quite well with Hood's although the

readings found in this study are slightly higher. It would appear that the

non-shifters had slightly stiffer ears to start with (176A ohms as compared

to 1688 ohms), however the difference between them is not statistically

significant. All of the shifts in impedance were in a positive (stiffer)

direction following the cold exposure regardless of whether the post-exposure

measurements were controlled or free. The total amount of the shift found

following the exposure was not significant for either the controlled or the

free impedance, however (P = .23 and P = .12, respectively). It is of

interest to note, however, that the non-shifters shifted slightly more than

the shifters, however again the difference between the two groups is not

statistically significant. Finally, the differences found in the size of the

shift depending on whether the post-exposure measurements were controlled or

free is very small.

It would appear then that the 20 minute exposure had no significant

eaffect on overall acoustic impedance and.that the differences between shifters

auui non—shifters are small and not significant with regard to overall acoustic

 

1The total is more than AA because both measurements were made on the

five subjects.
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Table XVIII.--Ranges, Means, and Standard Deviations of the Acoustic

Impedance in the Plane of the Eardrum for the Pre and

Post-Exposure Conditions and the Shift Found for the

Total Group of subjects, Shifters and Non-Shifters:

Controlled and Free Impedance Readings

 

 

 

 

 

 

Range* Standard

Minimum Value Maximum Value Mean* Deviation*

Total Group,(N=AA)

Pre—exposure 687 3258 1733 590

Post-exposure

Controlled Impedance 1097 2576 1699 A50

Free Impedance 783 3A67 188A 6A3

Shift

Controlled Impedance -192 668 58 19A

Free Impedance -A53 761 62 221

Shifters (N=18)

Pre—exposure lOAl 313A 1688 529

Post-exposure

Controlled Impedance 1097 2576 1623 510

Free Impedance 115A 2725 1867 513

Shift

Controlled Impedance -l92 668 5A 252

Free Impedance -A09 567 3A 233

Non-Shifters (N=26)

Pre—exposure 687 3258 176A 638

Post-exposure

Controlled Impedance 1A15 25A7 1787 352

Free Impedance 783 3A67 1899 732

Shift

Controlled Impedance -39 326 6A 116

Free Impedance -A53 761 81 217

 

*In acoustic ohms.
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impedance. This is probably because this measure is too gross for our

purposes. When we examine middle ear pressure pre and post-exposure for

the total group and between the two groups, shifters and non-shifters,

some differences do appear. The measurement taken here is the amount of

air pressure that must be added to the external auditory canal in order

to reach the point at which the ear canal and middle ear pressures are

equal and the eardrum is in the midline position. Or, in other words, it

is the reading of the equivalent middle ear pressure. The ranges, means,

and standard deviations of the pre and post-exposure middle ear pressure

readings and the shift in middle ear pressure following exposure and the

significance of this shift is given in Table XIX for the total group and

for the shifters and non-shifters.

Looking at the total group it can be seen that there was a real

difference in middle ear pressure from pre~exposure to post-exposure in

that the cold exposure apparently caused the middle ear pressure to increase

by more than 10 mm. This shift in middle ear pressure is significant at

the 0.001 level of confidence. However, both the shifters and non-shifters

showed this increase in middle ear pressure following exposure. Although

the shifters showed a slightly larger increase it was not statistically

ssignificantly different from the shift shown by the non-shifters. Prior to

‘the exposure, however, the shifters' middle ear pressure was significantly

.lower than that of the nonshifters'. The pre exposure level in the

strifters (1.67 mm) was very close to what would be considered the mean

rusrmal reading (0 nm) and well within the range reported by Hood, -5 mm

to+5mm.l The non-shifters, on the other hand, appeared to have somewhat

 

1R. B. Hood, Convention Presentation, American Speech and Hearing

Ass ociation , Chicago , 1969 .
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Table XIX.--Ranges, Means, and Standard Deviations of the Pre and

Post—Exposure Middle Ear Pressure Readings and the Shift

in Middle Ear Pressure and Significance Level of the

Shift for the Total Group, Shifters, and Non-Shifters.

 

 

 

 

 

 

Range* Standard

Minimum Value Maximum Value Mean* Deviation*

Total Group (N=1l)

Pre—Exposure 0 3O 8.6A 10.02

Post-Exposure 10 A0 19.55 11.28

Shift 0 25 10.91 7.35

Shifters (rep)

Pre-Exposure 0 10 1.67 A.08

Post-Exposure 10 35 15.00 10.00

Shift 10 25 13. 33" 6 .06

Non—Shifters (N35)

Pre-Exposure 10 30 17.00 8.37

Post-Exposure 10 A0 25.00 11.18

Shift 0 20 8.00** 8.37

 

*In mm water pressure.

**Difference between shifters and non—shifters is not statistically

significant (P = 0.25).
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greater middle ear pressure prior to the exposure, 17.00 mm. The impli-

cation is that the non-shifters' ears were stiffer prior to the exposure

but then moved in the same direction as the shifters' ears moved.

In addition, it is helpful to know the compliance readings at

various pressure settingsso that the relationship between pressure and

compliance can be determined. In the present study the pressure was

varied in A0 mm steps from +200 mm water pressure to -200 mm water pressure.

The balance meter on the acoustic bridge was set at +10 for the condition

of +200 mm water pressure and its readings then noted for each of the other

conditions. The lower the balance meter readings, the more compliant the

system would be. One would therefore expect, if one were to draw a curve

using these points from +200 mm water pressure to -200 mm water pressure,

to have the curve peak at 0 mm water pressure since this should be the

point of greatest compliance in the normal ear.

Table XX displays the mean compliance readings at each of the pressures

tested for the total group (15 subjects) and for the shifters (7 subjects)

and non-shifters (8 subjects) in the pre and post-exposure conditions. The

mean shifts are also given for each group at each pressure level. This

same data is presented graphically in Figures 5, 6, 7, and 8. Figure 5

displays this data for the total group, Figure 6 for the shifters, Figure 7

for the non-shifters, and Figure 8 combines the data from the previous three

figures for comparison purposes.

Again, differences in pre-exposure readings are found between the

shifters and non-shifters. If the pre-exposure curves in Figure 8 are

examined, it can be seen that, at most pressure levels, the non-shifters'

 

lL. Lamb, University of New Mexico, Alburquerque, Personal Communi—

cation, November, 1969.
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ears are less compliant than the shifters' ears. This agrees with the

findings cited earlier. A difference appears to exist between the shifters'

and non-shifters' ears prior to the cold exposure. All of the various

impedance measurements indicated that shifters had more compliant ears to

start with. The implication is that the cold only affected hearing

thresholds in ears with normal compliance. Threshold shifts did not occur

in those ears that were already stiffer than normal (by about 15 mm water

pressure) prior to the exposure. However, both of the groups' (shifters

and non—shifters) compliance readings reacted similarly to the cold exposure.

The compliance curve in both cases seems to have been shifted to the right

with the result that compliance under negative canal pressure conditions

appears to be reduced following the cold exposure and enhanced under positive

canal pressure conditions. This goes along with the previous finding

concerning the change in middle ear pressure following the cold exposure.

The implications of this finding will be discussed in the next chapter. The

post-exposure curves for the total group (Figure 5), shifters (Figure 6),

and non—shifters (Figure 7) look as if they have been shifted to the right

by approximately 10 mm.water pressure, the change in middle ear pressure

found following the cold exposure.

The three types of impedance measurements discussed so far all resulted

in the same conclusions: 1) all of the subjects appear to be affected in

much the same way and to the same extent following the cold exposure and

2) the subjects whose hearing thresholds did not shift following the exposure

had stiffer ears prior to exposure.

The last type of impedance measurement made was concerned with the intra—

aural stapedius muscle reflex threshold to a stimulus of 250 Hz. The ranges, means
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and standard deviations for the pre and post-exposure levels and the shifts

and the significance of the mean shift for the total group of subjects

tested in this way are given in Table XXI.

Table XXI.-—Ranges, Means, and Standard Deviations for the Pre and

Post-Exposure Intra-Aural Muscle Reflex Threshold to a

Stimulus of 250 Hz and the Shifts and Significance of

the Shifts: Total Group, Shifters, and Non—Shifters

 

 

 

 

 

 

Range*

Minimum Maximum Standard

Value Value Mean* Deviation*

Total Group (N=5

Pre-exposure 75 90 82.00 5.70

Post-exposure 70 95 81.00 2.00

Shifts -5 +5 -1.00 A.18

Shifters (N=2)

Pre-exposure 80 85 82.50 3.5A

Post-exposure 80 80 80.00 0.00

Shifts -5 0 -2.50** 3.5A

Non—Shifters (N=3)

Pre-exposure 75 90 81.67 7.6A

Post-exposure 80 85 81.67 2.38

Shifts -5 +5 0.00** 5.00

 

*In dB re 0 Hearing Level (ISO 196A).

**Difference between shifters and non-shifters is not statistically

significant (P = 0.591).

The mean intra—aural muscle reflex threshold at 250 Hz is approximately

the same for all of the groups both before and after the cold exposure, and

the level found agrees well with previous research. Jepsen reported mean

thresholds of hearing and stapedius reflexes by frequency according to the
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age of the subjects. He found the reflex threshold for a stimulus of 250 Hz

for age 20 subjects to be approximately 85 dB above threshold (and normal

threshold at 250 Hz to be 0 dB).1 If one assumes that the threshold for the

groups of subjects tested here would have been approximately 0 dB if they had

been tested under ordinary audiometric testing conditions, i.e., in a sound-

proof room, which seems to be a reasonable assmption, one would conclude

that the muscle reflex thresholds found here agree very closely with those

found by Jepsen (82 dB as compared with 85 dB). The results imply that all

of the subjects had normal hearing at 250 Hz, and that differences in middle

ear pressure and degree of stiffness of the system have no effect on the intra-

aural muscle reflex threshold when a 250 Hz stimulus is used.

Varying_Exposure Durations

Nine of the 20 subjects who had been classifed as shifters were asked

to return for three additional testing sessions. The same tests were admin-

istered as for the A6 subjects (except for bone-conduction testing which was

dropped from the test battery at this time) and in the same manner but the

lengths of the cold exposure were varied. Each of these subjects was exposed

for five minutes, ten minutes, and twenty minutes on three separate days. The

purpose of this second set of exposures was threefold: l) to check the

reliability of the 20 minute exposure, 2) to find out what the critical length

of exposure was before hearing thresholds were affected, and 3) to allow

for recovery tracking which had not been done previously. This section, then,

'will attempt to answer the fourth set of experimental questions:

 

lOtto Jepsen, "Middle Ear Muscle Reflexes in Man," Modern Developments

in Audiology edited by James Jerger (Houston: Academic Press, 1963), p. 208.
 



7A

What is the replicability of the twenty minute exposure

experience? When the length of the exposure time is less

than 20 minutes (5 or 10 minutes) will the same effects

be found with regard to air-conduction threshold shifts,

tympanic temperature, and impedance measurements? What

is the relationship between varying the length of the

exposure and all of the variables discussed?

Replicability

One would expect the pre-exposure air-conduction thresholds to be the

same prior to each of the four testing sessions (once as part of the total

group of A6 subjects and three return visits at the varying exposure durations).

The ranges, means, and standard deviations of the pre-exposure thresholds for

the nine subjects prior to the first testing session (Exposure 1) and prior

to each of the second series of three exposure sessions (Exposures 2, 3, and A)

are presented in Table XXII. Note first that these nine subjects, with

regard to their pre—exposure thresholds, are quite representative of the total

group of 20 shifters from which they were drawn (see Table IX, page A6). The

mean pre—exposure thresholds tend to improve from the first testing session

to each of the three remaining testing sessions. This is most likely due to

the effect of continued practice since the subjects Obviously became more

sophisticated as the research proceeded. The differences are not large,

however, and, of course, the subjects were given some practice prior to the

first actual testing session. It is felt that although the differences found

tend to show progressively improved thresholds, they are generally within the

accepted limits of test-retest reliability.
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Table XXII.--Means and Standard Deviations of the Pre-Exposure Air-

Conduction Thresholds for the Nine subjects Both as Part

of the Original Group of A6 Subjects and for Each of the

Three Re-exposures.

 

 

1 2 3 A

(20 minutes) (20 minutes). (10 minutes) (5 minutes)

 

iéfiiifli

Mean* 7.11 2.67 6.11 5.33

Standard Deviation 3.AA A.82 6.03 3.7A

229482

Mean* 12.66 7.33 9.56 10.22

Standard Deviation 3.0A 6.16 5.27 5.0A

299_fl£

Mean* 15.AA 8.89 11.11 9.55

Standard Deviation A.28 6.A9 8.31 8.35

1000 Hz

Mean* 5.89 -0.78 3.22 3.22

Standard Deviation 2.A7 5.33 A.52 A.7A

2000 Hz

Mean* -2.89 -6.AA -5.33 -5.33

saniard Deviation 3.92 7.38 5.83 3.32

AOOO Hz

Mean* -3.00 -9.22 -7.67 -5.89

Standard Deviation 6.98 9.A6 9.6A 10.82

8000 Hz

Mean’ 3.22 -9.89 -8.22 -7.AA

Standard Deviation 10.56 7.17 8.67 7.92

 

*In dB re 0 Hearing Level (ISO 196A).
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The ranges, means and standard deviations of the post-exposure

thresholds for the nine subjects for their first (Exposure 1) and second

(Exposure 2) twenty minute exposures is given in Table XXIII and the

shifts found are presented in Table XXIV. The statistical significance

of the differences between the Exposure 1 and Exposure 2 threshold shifts

is displayed in Table XXV.

Table XXIII shows that the post—exposure thresholds following the

second 20 minute exposure are slightly better than those obtained following

the first 20 minute exposure. They are improved by about the same amount

as the pre-exposure thresholds were when compared with the pre-exposure

2 l

thresholds (and for presumably the same reason, that of increased sophisti-

cation), implying that the shifts found following both 20 minute exposure

sessions should be approximately the same. It can be seen by looking at

Table XXIV that this is indeed the case. The mean threshold shifts following

Exposure 1 are very similar to the mean threshold shifts following Exposure 2

for these nine.subjects. In fact, there were no significant differences

in mean threshold shift at any frequency between the two exposures as can be

seen in Table XXV.

In general, then, the 20 minute exposure was replicable. Pre and post-

exposure thresholds were both somewhat improved following the second 20

minute exposure session and it is presumed that this effect was due to

increased test sophistication on the part of the subjects. The size of the

shifts found, however, was essentially the same following both exposure

sessions.
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Table XXIII.~-Ranges, Means, and Standard Deviations of the Post-Exposure

Air-Conduction Thresholds for the Nine subjects for Exposure 1

and Exposure 2.

 

 

 

 

 

Range* Standard

Minimum Value Maximum Value Mean* Deviation*

Egposure l

125 Hz 8 23 15.33 A.72

250 Hz 13 2A 17.78 3.19

500 Hz 12 26 20.78 A.52

1000 Hz 1 11 7.00 3.61

2000 Hz —9 2 -2.00 A.39

A000 Hz -1A 16 -2.78 9.52

8000 Hz —16 12 2.33 10.02

Egposure 2

125 Hz 2 23 8.67 6.3A

250 Hz 6 2A 12.AA 5.73

500 Hz A 22 13.56 7.06

1000 Hz -9 11 1.AA 6.23

2000 Hz -20 0 -7.33 6.3A

A000 Hz -21 7 -9.66 8.83

8000 Hz -21 0 -10.56 7.65

 

*In dB re 0 Hearing Level (ISO 196A).
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Table XXIV.-—Ranges, Means, and Standard Deviations of the Post-Exposure

Air-Conduction Threshold Shifts for the Nine subjects for

Exposure 1 and Exposure 2.

 

 

 

 

 

Range* Standard

Minimum Value Maximum Value Mean* Deviation*

Exposure 1

125 Hz 6 12 ,8.22 2.5A

250 Hz A 8 5.11 1.A5

500 Hz 2 8 5.33 2.00

1000 Hz -A A 1.11 2.26

2000 Hz -A 6 0.89 3.02

A000 Hz -6 6 0.22 3.53

8000 Hz -6 6 -0.89 3.A8

Exposure 2

125 Hz 2 12 6.00 2.83

250 Hz 2 8 5.11 2.03

500 Hz 0 10 A.67 3.16

1000 Hz -2 6 2.22 2.5A

2000 Hz —A 2 -0.89 2.03

A000 Hz -2 2 -0.AA 1.33

8000 Hz -A 2 -0.67 1.73

 

*In dB re pre-exposure thresholds.
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Table XXV.-—The F Statistic and Its Significance Level for the Differ-

ences in Air-Conduction Threshold Shifts between Exposure 1

and Exposure 2 for the Nine subjects: By Frequency.

 

 

125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz A000 Hz 8000 Hz

 

F Statistic 3.08 0.00 0.29 0.96 2.15 0.28 0.03

Significance

Level 0.10 1.00 0.60 0.3A 0.16 0.60 0.87
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Pure—Tone Air—Conduction Thresholds

and Exposure Duration

The pre-exposure thresholds for each of the latter three exposures,

twenty minutes, ten minutes, and five minutes, are displayed by

frequency and by length of exposure in Table XXVI. Analysis of variance

showed that these thresholds did not differ significantly (P l_.15) from

one exposure to another at any frequency; however, there is some variation

as would be expected. Table XXVII presents the post—exposure thresholds

for each of the three exposure durations by frequency.

Table XXVI.--Means and Standard Deviations of the Pre-Exposure Air-

Conduction Thresholds for the Three Exposure Durations

for the Nine subjects: By Frequency.

 

 

Standard

Means* Deviation*

20 min. 10 min. 5 min. 20 min. 10 min. 5 min.

125 Hz 2.67 6.11 5.33 A.82 6.03 3.7A

250 Hz 7.33 9.56 10.22 6.16 5.27 5.0A

500 Hz 8.89 11.11 9.56 6.A9 8.31 8.35

1000 Hz —0.78 3.22 3.22 5.33 A.52 A.7A

2000 Hz -6.AA -5.33 -5.33 7.38 5.83 3.32

A000 Hz -9.22 -7.67 -5.89 9.A6 9,6A 10.82

8000 Hz -9.89 -8.22 -7.AA 7.12 8.67 7.92

 

 

*dB re 0 Hearing Level (ISO 196A).
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Table XXVI[.-—Means and Standard Deviations of the Postéhposure Air-

Conduction Thresholds for the Three Exposure Durations

for the Nine Subjects: By Frequency.

 

 

 

Standard

Mean* Deviation*

20 min. 10 min. g5 min. 20 min. 10 min. 5 min.

Frequency

125 Hz 8.56 9.00 6.00 6.33 5.02 5.A8

250 Hz 12.AA 13.56 11.56 5.73 6.31 6.62

500 Hz 13.56 13.33 10.67 7.06 7.A8 10.68

1000 Hz 1.AA 3.22 3.22 6.23 5.52 A.52

2000 Hz -7.33 -6.00 -6.AA 6.3A 5.66 A.03

A000 Hz -9.67 —8.78 -7.89 8.83 10.65 10.99

8000 Hz -10.56 -9.78 -7.22 7.65 8.93 8.97

 

*In dB re 0 Hearing Level (ISO 196A).

These mean pre and post-exposure figures have been plotted on audiograms.

Figure 9 presents this data for the 20 minute exposure, Figure 10 for the 10

minute exposure, and Figure 11 for the 5 minute exposure. It can easily be

seen that the three pre-exposure curves are quite similar and.that the size of

the shift is largest following a 20 minute exposure, smaller following a

10 minute exposure, and virtually disappears following a five minute exposure.

The means and standard deviations of the threshold shifts for each of

the three exposure durations is presented in Table XXVIII. Also presented is

the significance level of the F statistic which was derived from an analysis

of variance in the shifts found by frequency at each exposure duration. The

length of the exposure duration has a statistically significant effect on the

size of the threshold shift at the 0.001 level of confidence at 125 Hz, 0.01

level.at 250 Hz, and approaches significance at 500 Hz and 1000 Hz (0.08 level).

23y 2000 Hz the length of exposure no longer appears to have any significant

effect on the size of the threshold shift.
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It would appear then that there is a real difference in threshold

shift, particularly in the lowest frequencies, depending on the length of

the exposure: tne longer the exposure the greater the air-conduction

threshold shift in hearing.

Tympanic Temperature

And Exposure Duration

Table XXIX presents the means and standard deviations of the pre and

post—exposure tympanic temperature readings and the shifts found for the

nine subjects at each of the exposure durations. The mean pre-exposure

temperature (97.AA° F.) was slightly below that found for the total group

of A6 subjects (98.00 F.) but agreed quite well with the mean pre-exposure

threshold found for the shifters (97.83° F.), the group from which the nine

were drawn. The pre-exposure differences from Exposure 1 to Exposure 2, 3,

and A were not significantly different. However, the shift found following

the second 20 minute exposure was somewhat larger (-l.A6° F.) than that found

for the shifters following the first 20 minute exposure (-0.680 F.). The

shifts found following the 10 and 5 minute exposures were similar to each

other and to the level found originally following the 20 minute exposure.

Exposure of the ears, then, for even five minutes to a temperature of

approximately —70 F. affects the temperature on the tympanic membrane. There

appears to be no distinct relationship between the length of exposure and the

size of the shift. The shifts following all of the exposure durations were

approximately the same with the exception of the second twenty minute exposure

duration.

It is difficult to explain why the temperature shift following the

second twenty minute exposure is so much larger. On suggestion has been made

that this may be due to the fact that the subjects were somewhat fearful
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during their first exposure which resulted in an increase in circulation

rate and a reduction in the effect of the cold on the tympanic temperature.

Another possibility is the relationship between the outdoor temperature,

which had dropped considerably during most of this portion of the testing,

and the temperature shift found. However, an effort was made to warm the

subjects thoroughly (to each one's normal reading) prior to the initiation

of the testing. In many cases the subjects sat in a warm (720 F.) room for

an hour or longer before the actual testing was begun. The relationship

between tympanic temperature and body temperature under varying types of

cold exposures is certainly one that requires further research.

Table XXIX.-—Means and Standard Deviations of the Pre and Post-Exposure

Tympanic Temperature Radings and Shifts in Tympanic Temperature

for the Nine Subjects at Each of_the Three Exposure Durations.

 

 

 

 

 

 

 

Mean* Standard Deviation*

20 Minute Exposure (N=8)***

Pre-exposure 97.63 0.32

Post-exposure 96.17 0.82

Shift -1.A6** 0.60

10 Minute Exposure (N=9)

Pre-exposure 97.37 0.35

Post—exposure 96.75 0.56

Shift -0.62** 0.51

5 Minute Exposure (N=7)

Pre—exposure 97.33 0.35

Post-exposure 96.60 0.68

Shift —0.73** 0.A9

*In degrees Fahrenheit.

**The mean shifts are significantly different from zero at the P = .001,

P = .01, and P = .01 levels for the 20, 10, and 5 minute exposures respectively.

Analysis of variance indicated that the three groups differed significantly

at 0.009 level.

***Due to equipment difficulties it was not possible to use the tympanic

thermometer during one testing session, therefore the N does not always equal 9.
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Impedance Measurements

And Exposure Duration

Ideally, an acoustic bridge would have been used that allowed for

absolute volume measurements to be made (such as the Zwislocki Bridge).

However, this was not practical because of the time constraints of the

experimental design, difficulty in hearing a null under the poor testing

conditions available, and because of the severe physical limitations of

the testing environment (it would have been very difficult to arrange for

subjects to recline during testing, for example) and since no significant

differences had been found between controlled and free impedance measurements

with the original group of subjects (see Tables XVII and XVIII), it was

decided to use the Madsen Bridge and only one method of eartip placement

with the nine subjects in this portion of the study. For all of the post—

exposure measurements the eartip was inserted to the point at which the

canal volume equalled the pre-exposure volume (controlled impedance).

The means and standard deviations of the acoustic impedance in the

plane of the eardrum found for the nine subjects before and after the three

exposures, and the shifts found, are given in Table XXX. As in the case of

the A6 subjects, none of the differences found in pre or post—exposure

impedance are significant, nor are the shifts found significant. Either

there is no change in absolute impedance following the cold exposure or this

measure is too gross for the small effects being considered here.

When we look at middle ear pressures, however, differences do appear,

as illey did among the group of A6 subjects. The means and standard deviations

fOr‘the nine subjects before and after the three exposures, and the shifts

ikuuM1,are given in Table XXXI. Except for the ten minute exposure, a real
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Table XXX.—-Means and Standard Deviations of the Acoustic Impedance

in the Plane of the Eardrum for the Three Exposure

Conditions and the Shift Found for the Nine subjects

 

 

 

 

 

 

Standard

Mean* Deviation*

20 Minute Exposure

Pre—exposure lAA2 AlA

Post-exposure 1A82 A18

Shift A0.67** 8A.32

10 Minute Exposure

Pre-exposure lA6A 395

Post-exposure lASS 380

Shi ft 9 . 33** 21.A6

5 Minute Exposure

Pre-exposure 1528 3A5

Post-exposure lA79 392

Shift -50.56** 107.22

 

*In acoustic ohms.

**The mean shifts are not significantly different from zero

(P > .19).



90

Table XXXI.—-Means and Standard Deviations of the Pre and Post—Exposure

Middle Ear Pressure Readings and the Shift in Middle Ear

Pressure for the Nine Subjects at Each Exposure Duration.

 

 .—

 

 

 

 

 

Standard

Mean* Deviation*

20 Minute Exposure

Pre—exposure —6.11 10.2A

Post-exposure 5.00 10.00

Shift 11.11** A.17

10 Minute Exposure

Pre—exposure 3.33 16.58

Post-exposure 0.00 9.01

Shift -3.33** 13.87

2_Minute Exposure

Pre—exposure -7.78 13.9A

Post-exposure 0.56 7.68

Shift 8.33** 13.69

 

*In mm water pressure.

**The mean shifts are significantly different from zero only for

the 20 minute exposure (P = (.001).
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difference in middle ear pressure of about +10 mm is found again following

the cold exposures. The length of the exposure probably has no effect on

the size of the shift. The peculiar shift found following the ten minute

exposure is very difficult to explain. It is most likely due to a couple

of subjects who reacted peculiarly to this particular exposure in this

regard and represent extreme values. The ten minute post-exposure middle

ear pressure readings are most likely a fluke and should probably be ignored.

The compliance data for the nine subjects at the three exposure dura-

tions is summarized in Table XXXII, and the F statistic and its significance

are given in Table XXXIII for the shifts found. There are no significant

differences between the pre-exposure compliance measurements found prior to

any of the three exposure sessions. There are, however, significant differ—

ences found in the compliance shifts following each of the three exposure

durations for the nine subjects. The shifts become significantly different

according to the length of the exposure under positive canal pressures only

(with the exception of —h0 mm water pressure). The data from Table XXXII is

plotted in Figure 12 for the twenty minute exposure, Figure 13 for the ten

minute exposure, and Figure 1% for the five minute exposure. The pre and

post-exposure curves for the twenty and five minute exposures (Figures 12 and

1h) are very similar and very like the pre and post-compliance curves found

for the total group of subjects (see Figure 5). The ten minute exposure

compliance curves, however, as shown in Figure 13, are different from the

others. The shift in direction is directly related to the shift in direction

found in the middle ear pressure for this exposure duration. Whatever caused

the pressure changes must have caused the compliance changes also and cannot

be explained. These results are out of keeping with the air-conduction
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results obtained. (The air-conduction shifts found following the 10 minute

exposure were intermediate between the 20 and 5 minute exposures.) It

appears, as mentioned above, that this was probably due to the peculiar

responses of two subjects following the ten minute exposure, however, it was

felt that there was no justification for eliminating them from the sample.

If we compare the differences in pre and post-exposure compliance

readings for the 20 minute and 5 minute exposure durations, as are shown in

Figure 15, the effect of the length of the exposure on the compliance of the

ear can be seen. The differences are small but all in the direction of greater

stiffness following the 20 minute exposure at both negative and positive

pressures. This is most pronounced under the positive pressure conditions as

was the case following the first 20 minute exposure (see page 67) and an

explanation for why this occurs is discussed in the following chapter. This

is what would be eXpected and is reflected in the air—conduction threshold

shifts following the 20 minute exposure that are not seen following

the 5 minute exposure, since, of course, we have been attributing the threshold

shifts found to increased impedance (whether due to increased middle ear

pressure or to other factors). The compliance curve, then, as was the case

in the h6 subjects, appears to be the most sensitive measure of the effect of

the cold exposure on the ear other than the shift in hearing threshold, and the

variation in length of the cold exposure seems to affect the extent of the

shift in compliance in the direction of the longer the exposure duration, the

greater the stiffness of the ear.

The last measure of acoustic impedance examined was the intra-aural muscle

reflex threshold to a stimulus of 250 Hz. The means and standard deviations

for the nine subjects before and after the three cold exposures and the shifts

found are given in Table XXXIV. The pre-exposure stapedius muscle reflex



 

2
’
;
’

9
‘
3
1
’

/

.‘\,

I 3.110553ad H31m mm 002

.\

 
 

JV 0/ 91) 9NIOV3H U313” 39NV778

I
O

1
1

1
1

1
1

I
1

1
‘

-
2
0
0

-
|
6
0

4
2
0

-
8
0

-
4
O

0
+
4
0

+
8
0

+
l
2
0

+
|
6
0
+
2
0
0

M
l
L
L
I
M
E
T
E
R
S

W
A
T
E
R

P
R
E
S
S
U
R
E

K
E
Y

I
P
R
E
-
E
X
P
O
S
U
R
E

P
O
S
T
-
E
X
P
O
S
U
R
E

2
0
M
I
N
U
T
E

E
X
P
O
S
U
R
E

-
-
—
—
—
—

S
M
I
N
U
T
E

E
X
P
O
S
U
R
E

0
0
.
0
0
0
.
0
0
0
.
0
0
0
.

—
o
_
o
—
o
—

F
i
g
u
r
e
l
S
.
-
M
e
a
n

p
r
e

a
n
d

p
o
s
t
-
e
x
p
o
s
u
r
e

c
o
m
p
l
i
a
n
c
e

r
e
a
d
i
n
g
s

a
t

e
a
c
h

o
f

t
h
e

p
r
e
s
s
u
r
e
s

t
e
s
t
e
d

f
o
r

t
h
e

t
o
t
a
l

g
r
o
u
p

f
o
r

t
h
e

2
0

m
i
n
u
t
e

e
x
p
o
s
u
r
e

a
n
d

t
h
e

5
m
i
n
u
t
e

e
x
p
o
s
u
r
e

f
o
r

p
u
r
p
o
s
e
s

o
f

c
o
m
p
a
r
i
s
o
n

 

98



99

Table XXXIV.--Means and Standard Deviations for the Pre and Post—

EXposure Intra—Aural Muscle Reflex Threshold to a

Stimulus of 250 Hz and the Shifts Found for the Nine

Subjects at Each of the Three Exposure Durations.

 

 

20 Minute Exposure (N=8)
 

Pre-exposure

Post-exposure

Shift

,mlflmmeEmmmue(#£)
 

Pre-exposure

Post-exposure

Shift

(-

9 Minute EXposure (N=7)
 

Pre-exposure

Post-exposure

{fliift

 

Standard

Mean* Deviation*

81.25 6.hl

80.63 5.63

-0.63** 3.20

76.88 6.61

78.13 7.0h

l 25** h.h3

77.1h h.88

79.29 6.07

2.1u** 5.67

 

*ln dB re 0 Hearing Level (ISO 1961).

**The mean shifts are not significantly different from zero

(Pil .35). Analysis of variance indicated that the three

groups did not differ significantly (P = .h8)-
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levels were normal and very similar to those found for the total group of

shifters (82.50). The differences in intra-aural stapedius muscle reflex

thresholds following the three exposures were not significant. Again, the

implication is that the intra—aural muscle reflex threshold to a stimulus

of 250 Hz is not affected by the cold exposure and not related to shifts in

compliance of the ear or to air-conduction threshold shifts.

Eecovegy

This section will attempt to answer the fifth experimental

question: What is the nature and pattern of the recovery

to the shifts found?

Pure—tone air-conduction thresholds were obtained for each of the nine

subjects immediately following each of the three exposures and then at

twenty minute intervals until the thresholds returned to normal. Table XXXV

presents the mean air-conduction thresholds by frequency post-exposure and at

. . . . . l
20 minute intervals follow1ng exposure for the 20 minute exposure duration.

Table XXXV.—-Mean Air-Conduction Thresholds* by Frequency Following

the Exposure and Then at Twenty Minute Intervals: Nine

Subjects, Twenty Minute Exposure.

 

 

 

125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz hooo Hz 8000 Hz

T 8.67 12.hh 13.56 1.hh -7.33 —9.66 -10.56

T20 6.86 10.96 11.63 2.82 —7.h9 -9.28 -8.99

'Tuo 5.09 8.29 10.52 2.60 —7.71 -9.95 -9 66

T60 3.53 8.07 9.19 1.0h -7.27 -9.73 -10.32

T80 3.31 8.07 8.52 1.26 -7.05 l-9.73 -9.uu

frlOO 3.31 8.06 8.52 1.h9 -7.05 -8.62 -9.hh

*ln dB re 0 Hearing Level (ISO 196k).

1The intervals are labeled T (threshold immediately following the

exposure),17

20

(the threshold after 20 minutes of recovery), ThO’ etc.
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This data is plotted in curves along with the pre—exposure thresholds

prior to the 20 minute exposure for comparison purposes, in Figure 16. The

recovery appears to proceed rather methodically from T to T60 and is then

more or less complete within 60 minutes following the conclusion of the

exposure. 0f the nine subjects tested one took only 20 minutes for full

recovery to take place, one took MO minutes, six took 60 minutes, and one

took 80 minutes.1

Individual recovery curves for the frequencies 125 Hz, 250 Hz, and

500 Hz are presented in Figure 17 for the nine subjects following the twenty

minute exposure. As can be seen, the three recovery curves are quite similar

(with the exception of 250 Hz at Th0) and the rate is fairly constant,

approximately 0.1 dB per minute, until recovery is complete (unlike recovery

from temporary threshold shifts due to noise which recover faster at first,

slower later2). The point of complete recovery should ideally be the time at

which the recovery curve reaches the 0 point. In actual practice, however,

there is a certain amount of test-retest variability that affects the threshold

readings, especially with a sample of only nine subjects. Full recovery

probably takes place approximately 60 minutes following the cold exposure for

the frequencies of 125 Hz and 250 Hz and approximately 80 minutes following

the exposure at 500 Hz. However, the difference at 500 Hz from T60 to T80 is

so slight that for all practical purposes one might conclude that the air-

conduction threshold shift at 125 Hz, 250 Hz, and 500 Hz which follows a cold

exposure of 20 minutes has fully recovered within one hour following the con-

clusion of the exposure.

1 .

Recovery is defined here as the point in time at which thresholds

xxaturned to normal (pre-exposure) levels (:2 dB) and does not include the final

or stabilization check thresholds.

2W. Dixon Ward, "Auditory Fatigue and Masking," Modern Developments in

Audiology, pp. 2111—286.
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The mean air-conduction thresholds by frequency following the 10 minute

exposure and then at 20 minute intervals are presented in Table XXXVI for the

nine subjects. It is difficult to compare these figures directly to those in

Table XXXV because the pre-exposure thresholds are slightly different; however,

the recovery from the threshold shifts can be compared. Figure 18 presents

individual recovery curves for the frequencies 125 Hz, 250 Hz, and 500 Hz for

the nine subjects following the 10 minute exposure. Although the starting

points are somewhat lower than in Figure 17 (the threshold shift following

the 20 minute exposure), the recovery curves are again quite similar and the

rate fairly constant again at about 0.1 dB per minute. Full recovery, however,

takes place at approximately hO minutes following the conclusion of the

exposure for all three of the frequencies (as opposed to 60 minutes for the

twenty minute exposure). Of the nine subjects, seven showed full recovery

following to minutes, one following 60 minutes, auicnmzsubject did not show

any threshold shift at all.1

Table XXXVI.--Mean Air-Conduction Thresholds* by Frequency Following the

Ten Minute Exposure and Then at Twenty Minute Intervals for

the Nine Subjects

 

 

 

125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz hooo Hz 8000 Hz

T 9.00 13.56 13.33 3.22 -6.00 -9.67 -8.00

T20 7.53 11.53 11.85 3.38 -6.56 -8.12 -8.75

Th0 5.98 9.98 10.96 3.38 -6.56 —8.12 -9.19

T60 6.h2 9.76 10.7h 3.60 -5.67 -10.56 -9.86

T80 6.u2 9.98 10.96 3.60 -5.67 -10.3h —9.86

 

*In dB re 0 Hearing Level (ISO 196M).

 

1It is interesting to note that this subject's pre-exposure air-Conduc-

'tion thresholds were somewhat elevated (in comparison with her other three

sets of pre—exposure thresholds) and her pre-exposure tympanic temperature was

ethnost half a degree lower than is normal for her. It is possible that the

'Rdarmrup time" allowed this subject on this particular evening was not quite

sufficient prior to the beginning of testing.
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Recovery following a five minute exposure cannot be examined, of

course, since there were no significant threshold shifts following this

length exposure. It appears that the rate and pattern of recovery from

temporary threshold shifts caused by cold exposure are similar for varying

lengths of exposure but that the length of the exposure does determine how

long it takes before recovery is complete. The mean length of time needed

to fully recover from a 20 minute exposure to temperatures of approximately

—7° F. is about 60 minutes. Somewhat less time, ho minutes, is necessary

before full.recovery occurs following a 10 minute eXposure at -70 F.

Although impedance and tympanic temperature readings were not tracked

in the same manner as air-conduction threshold readings were, a final check

was made on all of the impedance readings and on tympanic temperature

following the final stabilization check threshold testing. The purpose of

this final check was to see if impedance readings and tympanic temperature

had also returned to normal (pre-exposure) levels when air-conduction

thresholds had done so. Pre-exposure, post-exposure, and final tympanic

temperature readings are compared in Table XXXVII.

Table XXXVII.--Means of Pre—Exposure, Post—Exposure, and Final Tympanic

Temperature Readings for the Twenty and Ten Minute

Exposures for the Nine Subjects.

 

 

 

Pre-Exposure* Post-Exposure* Final Exposure*

20 Minute Exposure 97.63 96.17 97.3h

10 Minute Exposure 97.37 96.75 97.30

 

*In degrees Fahrenheit.

The tympanic temperature readings following both exposures did return to

'pre-exposure levels within the same amount of time needed for the air-
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conduction thresholds to recover. Of course, it is not possible to say

exactly how long it took for tympanic temperature to return to pre—exposure

levels, only that it took no longer than one hour following a 20 minute

exposure or hO minutes following a 10 minute exposure.

The differences between the pre—exposure and final acoustic impedance

measurements is also very small. The mean difference from pre-exposure to

final reading was -2.78 ohms for the 20 minute exposure. Middle ear

pressure, on the other hand, did not completely return to pre-exposure

levels by the time of the final measurement. The mean middle ear pressure

reading prior to the 20 minute exposure was ~6.l mm water pressure,

immediately following the exposure it was +5.00 mm water pressure, and by

the time of the final check it was +1.2 mm.water pressure. The question

does exist as to whether some<3f1his difference is due to test-retest

variability or whether perhaps the middle ear pressure had not fully recovered

by the time the air-conduction thresholds had done so.

There were differences between the pre-exposure and final compliance

readings also. Figure 19 displays the pre and post-exposure and final

compliance readings for the nine subjects for the 20 minute exposure. The

cars apparently were somewhat more compliant at all pressures at the time of

the final check but it should be noted that the differences are approximately

equal at all of the pressure levels. It is possible that the compliance

curve "passed through" the pre-exposure readings at some earlier time and

have "overshot" them and may yet bounce back to pre-exposure levels. The

compliance curve appears to be one of the most sensitive impedance measures

in terms of the effect of cold exposure on the ear and certainly needs to be

investigated further. The type of shift in compliance readings found

following both 20 minute exposures, however, is completely gone by the time



I 3Ufl$$3ad 831%“ “N” 00?

1V OI 91) 9N/0V3H U313” 30NV7V9

 

~
I
O

 
L

J
1

l
L
,

J
_

 
 

-
2
0
0

-
I
6
0

-
I
2
0

-
8
0

~
4
0

0
+
4
0

+
8
0

M
I
L
L
I
M
E
T
E
R
S

W
A
T
E
R

P
R
E
S
S
U
R
E

K
E
Y

2

 

P
R
E
-
E
X
P
O
S
U
R
E

-
-
-

P
O
S
T
-
E
X
P
O
S
U
R
E

.
.

.
.

-
F
I
N
A
L

R
E
A
D
I
N
G

+
|
2
0

+
I
6
0

+
2
0
0

F
i
g
u
r
e
1
9
.
-
M
e
a
n

p
r
e

a
n
d
p
o
s
t
-
e
x
p
o
s
u
r
e

a
n
d

f
i
n
a
l

c
o
m
p
l
i
a
n
c
e

r
e
a
d
i
n
g
s

a
t

e
a
c
h

o
f

t
h
e

p
r
e
s
s
u
r
e
s

t
e
s
t
e
d

f
o
r

t
h
e

2
0

m
i
n
u
t
e

e
x
p
o
s
u
r
e

d
u
r
a
t
i
o
n
.

N
=

9

108



109

of the final compliance check. Lastly, the acoustic reflex was unaffected

by the cold exposure and remained at the same levels at the time of the

final testing.

It would appear, then, that the effect of cold exposure on impedance

is also temporary and that the shifts found recover pretty much within the

time necessary for the air-conduction thresholds to recover.



CHAPTER V

DISCUSSION

This chapter will attempt to answer the question: What

physiological changes take place in the ear that cause

reduced pure-tone air-conduction thresholds and middle

ear impedance changes?

This chapter will present six possible explanations to account for

the threshold shifts found. These are: 1) the shift in hearing threshold

following the exposure is due to the psychological effect of the cold

exposure on the subject and not to any direct physical changes in the ear;

2) the shift in threshold is due to the fact that the cold affects the

entire body, not only the ear, resulting in generalized chilling, shivering,

etc.; 3) there is a direct effect of the cold air on the action of the

inner ear; h) there is a direct effect of the cold air on the action of the

middle ear muscles, tendons, and ligaments; 5) the threshold shifts are due

to a disequilibrium in air pressure between the external canal and the

middle ear following the cold exposure; and 6) there is a direct effect of

the cold air on the action of the tympanic membrane. Although it is

unlikely that any one of these possibilities will provide the total explanation

for the effects found. each of them will be considered individually

in this chapter.

1) The shift in hearing threshold following the exposure is

due to the psychological effect of the cold exposure on

the subject and not to any direct physical changes in the ear.

110
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It might be suggested that due to the shock of the cold exposure

the subjectswere unable to concentrate as well on listening for pure-tone

thresholds, and, therefore, pure-tone thresholds were depressed following

the cold exposure. These depressed thresholds then were not due to any

physical effect, but simply to the psychological effect of the cold air

on the subject's ability to concentrate. It seems highly unlikely that

this is adequate for explaining the effects found, because whatever effects

one might attribute to the psychological aspects of the cold exposure

should be expected to affect the air and bone-conduction thresholds similarly.

Since the air—conduction thresholds were not uniformly affected and the

bone-conduction thresholds were not affected in any measurable way by the

cold exposure, one must assume that the effects on the air-conduction

thresholds were probably due to factors other than psychological ones.

2) The shift in threshold is due to the fact that the cold

affects the entire body, not only the ear, resulting in

generalized chilling, shivering, and overall muscular

contractions.

It was necessary to know what effect generalized body chilling WOUld

have on hearing thresholds. For this reason, three subjects who were lightly

dressed were exposed for longer periods of time to somewhat higher tempera-

tures, 35° to h0° F.l Each of these subjects remained in this environment

for 30 to hO minutes, or until they were thoroughly chilled as evidenced by

shivering and horripilation. None of these three subjects showed any shift

in hearing following this exposure. The subjects in the present study were,

 

1See Chapter II, pp. 5—8.
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of course, warmly dressed, but their heads were exposed and the possibility

existed that even with only their heads exposed the shift in hearing

thresholds might have been caused by generalized body cooling or by muscular

contractions throughout the body rather than by specific cooling in the head

only. The pilot study referred to above demonstrated that thoroughly

chilling subjects does not have any effect on hearing thresholds.

The subjects in the thesis research did not show any of the typical

signs of chilling (such as shivering) and it is assumed that their body

temperature was not affected by the type of exposure to which they were

subjected. Since no shivering occurred it is also assumed that muscular

contractions throughout the body did not occur following the exposure, and

that, therefore, the shift in threshold found in the present study was not

due to generalized body chilling or to the muscular contractions throughout

the body caused by shivering. This does not rule out the specific effect of

cold on the ear itself. These results imply that the threshold shifts found

are due to factors other than muscular contractions throughout the body as

a reaction to chilling or to an overall drop in body temperature caused by

the chilling.

3) There is a direct effect of the cold air on the action

of the inner ear.

As discussed in the review of the literature in Chapter II, Kahana,

Rosenblith and Galambosl and Gulick and Cutt2 demonstrated that when body

temperature was reduced the magnitude of the cochlear response was likewise

 

1L. Kahana, w. A. Rosenblith, and R. Galambos, "Effect of Temperature

Change on Round Window Responses in the Hampster," pp. 213—223.

2 .
W. L. Gulick and R. A. Cutt, 'The Effects of Abnormal Body Temperature

Upon the Ear: Cooling," pp. 35-50-
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reduced, and Gulick and Cutt also reported concomitant hearing losses. But

it is also well established that the inner ear can be affected by cold air

even when body temperature is unchanged, and this, of course, is what occurs

in caloric testing, whether cold water or cold air is employed as the

stimulus. The question, therefore, of whether the threshold shifts found

following the cold exposure might be due to changes in the response of

the inner ear is certainly a pertinent one.

One would expect, however, there were these threshold shifts due to

changes in the inner ear, the bone—conduction thresholds would also have

been affected. But since bone-conduction thresholds remained essentialxy

the same following the cold exposure, one must conclude that the shifts in

air—conduction thresholds following the cold exposure were prObably due to

factors other than changesin the response of the inner ear. However, this

conclusion'must be made cautiously. It is entirely possible that given

longer exposure durations or lower temperatures in the cold room that an

effect on the bone-conduction thresholds would have-occurred.1 This will

be discussed in more detail later in conjunction with the section concerned

with middle ear pressure.

h) There is a direct effect of the cold air on the action of the

middle ear muscles, tendons, and ligaments.

As discussed earlier, extreme chilling of the human body results in

overall muscular contractions and shivering. There are two muscles in the

middle ear and the possibility needs to be explored that the middle ear

became so cold following the exposure that these muscles contracted, thereby

creating the air-conduction loss found. Since no threshold shift was found

when the pilot study subjects were put into the cold room lightly dressed

 

1One would expect the effect of the cold exposure on bone-conduction

thresholds to be smaller than it would be on air-conduction thresholds. The

possibility that a slight bone-conduction shift did occur;.but was completely

masked by the ambient noise level in the testing environment must be considered.
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and were thoroughly chilled and shivering, it seems highly unlikely that

middle ear muscle contractions can be credited with the threshold shifts

found following the exposure under the present conditions. Also, even if

muscular contractions had occurred, it seems highly unlikely that the

duration of the contraction would have extended for up to an hour post-

exposure, the length of time necessary for full recovery following a

20 minute exposure. It is possible, however, that there was some contrac-

tion of the tendons and ligaments in the middle ear, most particularly the

tendons of the stapedius muscle, which might have contributed somewhat to

the hearing threshold shifts found. It seems unreasonable to state that

the increased muscle stiffness in the middle ear can be held responsible

for the total effects found, but it does seem possible that if the ligaments

and tendons in the middle ear were slightly cooled and slightly stiffened,

that subtle effects on the muscles might have occurred which might con-

tribute to the overall increased impedance of the middle ear system,

resulting in the type of air-conduction thresholds found following the

exposure session.

Smith1 mechanically fixated the stapes in cats and measured changes

in the cochlear responses for air and bone conduction which resulted. The

degree of stapes fixation varied according to the amount of tension he

placed on it, but he reported average hearing losses by air and bone

conduction in decibels. The losses found were greatest in the low fre-

quencies by air conduction, the mean losses ranging between 30 and hO dB,

whereas by bone conduction the losses were very small, i.e., ranging between

 

1K. R. Smith, "Bone Conduction During Experimental Fixation of the

Stapes," Journal of Experimental ngchology, 33 (l9h3), pp. 96-107.
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0 and 10 dB. The implication of this research is that if there were some

cooling of the tendons of the stapedius muscle, one might expect to get

similar results to those Smith found, i.e., hearing loss in the low

frequencies by air conduction and little or no hearing loss by bone con-

duction. It should be pointed out, however, that whereas Smith found

small but measurable hearing losses by bone conduction, these were not

found in the present investigation.

The air-conduction losses found here, however, were much smaller than

those found by Smith, implying that if increased tension in the stapedial

muscle was responsible for the threshold shifts found in the thesis research,

the increase in tension must have been quite small. It seems reasonable to

conclude that the hearing threshold shifts found following the cold exposure

may be due in part to increased tension in the tendons of the stapedius

muscle which could subtly affect the action of the entire middle ear system,

but this does not seem to be a likely explanation for the total threshold

shifts found.

5) The threshold shifts are due to a disequilibrium in air

pressure between the external canal and the middle ear

following the cold exposure.

The greatest effect of the cold air exposure would.be expected in the

outer ear canal. Pre and post-exposure otological examinations were made

by an otolaryngologist on a sample of the sUbjects. He found that the walls

of the canal were definitely cooled by the exposure, and the resultant

stiffening of the canal walls to be very noticeable. It can be demonstrated

by use of the tympanic thermometer that the tympanic membrane is also

affected by the cold exposure. It does not seem unreasonable to further
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assume that the middle ear is somewhat cooler than normal also, but

undoubtedly not as cool as the external canal. Air, of course, expands

as temperature rises and should the temperature in the middle ear be

warmer than that in the external auditory canal, a disequilibrium in air

pressure between the external canal and the middle ear cavity would

result. Under ordinary circumstances, one would expect that this difference

in air pressure would be equalized through the action of the eustachian

tube. For a variety of reasons the eustachian tube may not have been

capable of correcting these pressure differentials under the experimental

conditions used in this investigation. In the first place, a certain

minimum amount of pressure difference is necessary to open the eustachian

tube, probably between 0.5 and h mmMercury.l The increase in air pressure

in the middle ear found in this investigation, i.e., approximately + 10 mm

of water pressure,2 simply may not have been enough to "blow open" the

eustachian tube. However, it may have been enough to cause a slight change

in the mechanical action of the middle ear.

Secondly, it was noted that many of the subjects emerged from the

cold room with "sniffles." The effect of Chilling is to cause "reflex vaso-

constriction of the nasal mucous membrane. The normal temperature of the

mucous membrane of the nose has been shown to vary between 33° and 3h° C.

Chilling of the body surface may reduce the temperature of the nasal mucosa

by as much as 6° C. . . . The effect occurs "most commonly in the naso-

pharyngeal mucous membrane . . . the nose, or in the pharynx or larynx.

 

1J. J. Ballenger, Diseases of the Nose, Throat, and.Ear, (London:

Henry Kimpton, 1969), P. 630.

210 mm water pressure approximately equals 0.7 mm.Mercuny.
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. Typical symptoms are sneezing and watery nasal discharge. The mucous

membrane is red and swollen."1 Other authorities sudh as Boies2 also

comment on temporary congestion, inflamation, membrane swelling, and nasal

discharge as a result of chilling. This could very well have reduced the

patency of the eustachian tube as would happen in the case of a common cold.

It is more difficult to equalize pressure between the middle ear and outer

ear when there is mucosal congestion. In fact, the possibility exists that

the patency of the eustachian tube may be the key factor that differentiated
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subjects who shifted from those who did not shift. Those subjects whose

eustachian tubes remained most patent were perhaps more able to compensate

 
for the disequilibrium in air pressure and therefore did not show the ‘J

threshold shift, whereas those subjects who were not able to equalize the L

pressure between the middle and outer ear showed the threshold shift. This,

of course, agrees with the findings of this investigation cited earlier in

Chapter IV. In Table XVI of Chapter IV, it can be seen that following the

cold exposure the middle ear pressure had increased more in the shifters than

in the non-shifters. Presumably the non-shifters were able to equalize the

air pressures in their external canals and middle ears, thereby maintaining

normal impedance and normal air—conduction thresholds. The differences are

small, however, as is the number of subjects involved. More important perhaps

is the fact that most of the subjects showed some increase in middle ear

 

pressure following the exposure. This shift in middle ear pressure following

the cold exposure was significant at the 0.001 level of confidence.

 

1W. G. Scott—Brown, et al., Diseases of the Ear, Nose and Throat,

(London: Butterworth, 1965), pp. l7h-l79.

2L. R. Boies, Fundamentals of Otolaryngology: A Textbook of Ear,

Nose and Throat Diseases, (Philadelphia: w. B. Saunders Co., 1957),

pp. 178-183.
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In Chapter IV reference was made twice (pp. 67 and 92) to the fact

that post-exposure compliance curves showed reduced compliance under

negative canal pressure conditions and enhanced compliance under positive

canal pressure conditions. If the middle ear pressure has indeed been

somewhat increased, and the tympanic membrane displaced outwards slightly,

this is exactly what one would expect to occur. Adding pressure to the

external canal would help to bring the air pressures back into equilibrium

and allow the tympanic membrane to come closer to its normal (mid-line)

position, thereby reducing the stiffness (and increasing the compliance)

of the system. Withdrawing air from the external canal, creating a negative

canal pressure, would simply make the disequilibrium even greater, resulting

in an even stiffer (less compliant) system. It seems reasonable to assume

that this is what did occur and that this accounts for the post-exposure

compliance curves found.

An attempt was made to compare the present findings to the research

reported by Wever and Lawrence. They discussed this problem of the

relationship between middle ear pressure and hearing thresholds in general.

"Impairments of hearing of a more or less temporary nature are often found

as secondary effects of congestion in the nasal pharynx, as from a common

cold. . . . In the clinical situation it is often difficult to determine to

‘what extent the auditory symptoms are due to pressure changes and to what

extent they are due to . . . the . . . congestion in the ear itself. This

3problem requires an understanding of the effects of pressure in the normal

ea13"1' In the case of the present investigation, the differences in middle

eai'pmessure were very small. However, the trend.was the same as in all of

 

1E. G. Wever and M. Lawrence, Physiological Acoustics, (New Jersey:

lirinceton University Press, 195h), pp. 197-198.
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the experimental studies Wever and Lawrence presented. The basic premise

is that the disequilibrium in air pressure between the external canal and

middle ear results in depressed low frequency air—conduction thresholds.

The effect of the pressure disequilibrium on the higher frequencies is not

as clear but the consensus seems to be that there is little or no effect

on hearing acuity in the high frequencies.

Using the Valsalva procedure, Lochl found that a moderate increase

in middle ear pressure reduced hearing acuity in the lower frequencies by

approximately 10 dB. Wever and Lawrence concluded, "Usually these effects

have been attributed to the altered tensions of the drum.membrane, and there

is no doubt that this is the principal condition."2 They further suggested,

however, that should the pressure in the middle ear be sufficient, the

effect might continue on into the inner ear. One would suspect that in the

present investigation the pressure build-up in the middle ear was not

sufficient to affect the inner ear since the bone-conduction thresholds were

unchanged. Wever and Lawrence continued, "From the form of the changes in

sensitivity for air-conducted tones as caused by both positive and negative

pressures, we can conclude that these pressures increase both the stiffness

and the damping of the drum membrane. The increased damping accounts for

the general impairment of sensitivity whereas the increased stiffness causes

3
this impairment to be more severe for the low tones." In conclusion then,

 

1w. E. Loch, "Effects of Experimentally Altering Air Pressure in the

liiddle Ear on Hearing Acuity in Man," Annals of Otology, Rhinology,,and

Laryngology, 51 (l9h2), pp. 995-1006.

2E. G. Wever and M. Lawrence, Physiological Acoustics, p. 209.

3Ibid., p. 211.
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it seems likely that the increased middle ear pressure following the cold

exposure was dueen;least in part to the fact that the mucosal tissue had

been irritated and perhaps swollen slightly, thereby preventing the

eustachian tube from opening as easily as it would under ordinary condi-

tions.

6) There is a direct effect of the cold air on the action

of the tympanic membrane.

As disccused in Chapter II, the possibility certainly exists that the

tympanic membrane was affected by the cold air reaching it through the

external auditory canal. If the tympanic membrane were to be cooled, the

result would be increased stiffness in its action, since there is no reason

to believe that this body tissue would react any differently than any other

human body tissue to cooling. The physiology involved in this is discussed

in some detail in Chapter II. In order to demonstrate whether or not the

tympanic membrane actually is cooled by the cold exposure, each individual's

temperature was taken on the tympanic membrane both before and after each

exposure session. The findings are given in detail in Chapter IV. Briefly,

liowever, the temperature of the tympanic membrane was decreased by approx-

iJmately O.7° F. following the cold exposure as used in this investigation.

It seems reasonable to assume that the action of the tympanic membrane is

'very likely affected. However, it is not possible at this time to say to

whrrt degree the membrane's action was affected or to predict what affect

iflie change in tympanic activity would have on hearing thresholds. One would

smusume, however, that should the tympanic membrane be stiffened as a result

cxf the cooling, which seems a reasonable assumption, the change in impedance
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would result in depressed low frequency air-conduction thresholds which is,

of course, what was found.

Ideally, the recovery of tympanic temperature would then have been

tracked in order to see what the relationships between tympanic temperature

recovery and air-conduction threshold recovery were. Unfortunately, the

constraints of the research design did not permit this type of analysis.

In summary, then, it appeared that the cold exposure did affect the

temperature of the tympanic membrane. The mean shift in temperature fol-

lowing the 20 minute exposure was -O.7° F. It is not possible, however, to

predict how much of an effect this drop in temperature would have on the

action of the membrane or on air-conduction hearing thresholds. But when

the pure—tone air—conduction thresholds had returned to normal so had

tympanic temperature. This must certainly be considered as a possible

explanation, or at least as part of the explanation for the threshold shifts

observed.

At the beginning of this chapter, six possible explanations were

presented in order to account for the air—conduction threshold shifts found.

The first two, that the effects seen were due to psychological factors or

generalized body chilling and/or overall muscular contractions, seem highly

unlikely. The third, that the effects were due to changes in the action of

the inner ear seems unlikely, also. However, it is felt that this could be

a factor were the exposure longer or the cold more extreme. The most

likely explanation for the threshold shifts found appears to be some combin-

ation of explanations four, five, and six. The contribution of the fourth

 

Jihe same result would occur, of course, if there were a pressure

build—up in the middle ear causing the tympanic membrane to bulge outward

slightly. Again, one would expect that its vibratory capacity would be

somewhat reduced.



possibility, concerning middle ear muscle activity, is probably minimal.

The air-conduction "stiffness tilt" found following the cold exposure is

probably best explained in terms of the last two explanations, the

disequilibrium in air pressure between the external canal and the middle

ear and the direct effect of the cold air on the vibratory capacity of

the tympanic membrane.1

Undoubtedly, there are other possibilities, but at this time, it

seems most likely that the threshold shifts found in this investigation

were due to one or more of the following factors: 1) subtle changes in

the action of the middle ear muscles, 2) increased air pressure in the

middle ear and/or 3) a reduction in the vibratory capacity of the tympanic

membrane. The combination of one or more of these factors would result

in an increase in the stiffness of the middle-ear system. This change in

impedance of the system would be reflected in the post-exposure depressed

low frequency pure-tone air—conduction threshold shifts found.

 

1These conclusions were arrived at, in part, through personal

conmnuiication with Merle Lavrence, University of Michigan, Ann Arbor,

March 1970.



CHAPTER VI

SUMMARY AND CONCLUSIONS

The major purpose of this research was to determine the effect of

cold air temperatures on the human peripheral auditory system. An

attempt was made to explain the effects found.

Summary

Forty—six college students with normal hearing served as the subjects

for this study. Each of the subjects had their pure-tone air-conduction

thresholds determined bilaterally and occluded bone-conduction thresholds

were obtained using a forehead oscillator placement. Each subject was

given considerable practice in pure-tone testing using 2 dB steps. For 37

of the subjects, tympanic temperature was also determined at this time.

Measurements of acoustic impedance in the plane of the eardrum were made in

lfllsubjects. Measurements of middle ear pressure were noted for ll subjects

and in five cases, the intra-aural muscle reflex threshold to a 250 Hz

stimulus was also obtained. Compliance readings at a variety of pressure

settings were made on 15 subjects.

Following these measurements, each subject was allowed to dress as

warmly as he wished leavhugthe head and ears exposed and then entered a cold

room where the temperature varied from —3° F. to -100 F., with a mean of

—7.07° F. Following 20 minutes of this exposure all of the pre—exposure

tests were repeated. All pure—tone testing was done employing the Hughson—

‘Westlake ascending technique. The air-conduction frequencies tested were

123
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13h Hz, 350 Hz, s00 Hz, 1000 Hz, 2000 Hz, h000 Hz, 8000 Hz, and 1000 Hz

was rcpvatod. Bone—conduction was tested at the same frequencies with the

exception, of course, of 125 Hz and 8000 Hz.

lhere were no significant shifts by bone-conduction for these

subjects following the cold exposure. The air-conduction thresholds,

however, were affected. The mean shift at 125 Hz was +3.17 dB; at 250 Hz,

+2.52 dB; at 500 Hz, +1.83 dB; and at 1000 Hz, +0.91 dB. All of these

shifts were statistically significant. The shifts found at frequencies

above 1000 Hz were too small to be statistically significant, but were all

in a negative direction, i.e., in the direction of improved hearing

following the exposure.

Further analysis of the data demonstrated that the subjects could

easily be divided into two groups, shifters and non-shifters. It was

decided that a subject would be classified as a shifter if two of his three

low frequency thresholds (125 Hz, 250 Hz, and 500 Hz) were shifted downward

by at least h dB and the third frequency shifted downward by at least 2 dB.

lwenty subjects were thus classified as shifters. They showed mean air—

conduction threshold shifts at 125 Hz of +6.10 dB; at 250 Hz, +5.h0 dB; at

500 Hz, +5.20 dB; at 1000 Hz, +1.20 dB; at 2000 Hz, +0.30 dB; at h000 Hz,

—O.50 dB; and at 8000 Hz, -O.lO dB. The group composed of the remaining

26 subjects showed no significant threshold shifts following the exposure.

Specifically, the group classified as non-shifters showed mean shifts of 1 dB

or less at all frequencies.

The mean pre—exposure tympanic temperature of all of the subjects was

98.00 F., and the mean shift following the cold exposure was —O.72° F.

There was no significant difference in the size of the temperature shifts
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between the shifters and non—shifters, nor was there any significant

relationship between the size of the temperature shift and the size of

the threshold shift.

The pre-exposure acoustic impedance measurements in the plane of

the eardrum were within the normal range for the subjects tested.

However, the non-shifters appeared to have slightly stiffer (less

compliant) ears to begin with. The shifts found in overall acoustic

impedance following this exposure were minimal for all of the subjects

and no distinctions could be made between shifters and non-shifters on

the basis of the size of the acoustic impedance shifts following the

exposure.

The mean pre—exposure middle ear pressure readings for the group

of shifters was +1.67 mm water pressure, for the non-shifters, +17 mm

water pressure. Both the shifters and non-shifters showed an increase

of approximately +10 mm in middle ear pressure following the cold exposure.

Compliance readings were made in hO mm steps from +200 mm to -200 mm water

pressure. The non-shifters' ears were found to be less compliant at the

time of the pre-exposure testing but the effect of the cold exposure on

compliance measurements was the same for all of the subjects. Following

the cold exposure, compliance appears to have been reduced under negative

canal pressure conditions and enhanced under positive canal pressure

conditions. The intra—aural stapedius muscle reflex threshold level to a

satinmlus of 250 Hz was normal for all of the subjects both before and after

'the cold exposure.

In the second phase of the study, nine of the 20 shifters returned

Ikir three additional testing sessions where the same tests were administered



126

but the length of the cold exposure was varied. Each of these subjects

was exposed on three different days, once for five minutes, once for ten

minutes, and once for 20 minutes. In addition, the order of presentation

of the tests (i.e., air-conduction testing, impedance testing, and

tympanic thermometry) was now varied. It was found that there were no

significant differences in mean threshold shift at any frequency between

the first 20 minute exposure and the second 20 minute exposure. The

threshold shifts found following the latter three exposures are presented

in Table XXXVIII.

Table XXXVIII.—-Mean Air-Conduction Threshold Shifts* for the Nine

Subjects Following Each of the Three Exposure Durations.

 

 

 

Frequency 20 Minutes 10 Minutes 5 Minutes

125 Hz 6.00 2.89 0.67

250 Hz 5.11 h.00 1.33

500 Hz b.67 2.22 1.11

1000 Hz 2.22 0.00 0.00

2000 Hz -0.89** -0.67 -l.11

h000 Hz -0.hh -1.11 -2.00

8000 Hz -0.67 -l.56 0.22

 

*In dB re pre-exposure threshold.

**The negative sign indicates that the post—exposure threshold was

better than the pre—exposure threshold.

Although the size of the tympanic temperature shift was somewhat

larger following the second 20 minute exposure (-l.h6° F.), the shifts found

following the ten minute exposure (-O.62° F.) and following the five minute

exposure (-O.73° F.) were very close to that found following the first

20 minute exposure.
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There were no significant differences in overall acoustic impedance

in the plane of the eardrum for these nine subjects following any of the

three exposures. Again, however, an increase of approximately 10 mm water

pressure was found in the middle ear following all three of the cold

exposures. There were no significant differences in pre-exposure compli-

ance measurements prior to any of the three exposure sessions. When the

post-exposure compliance curve for the 20 minute exposure duration and the

five minute exposure duration were compared, however, a distinctly greater

increase in stiffness in the ear following the 20 minute exposure under

both negative and positive pressure conditions was found. The length of

he cold exposure seemed to affect the extent of the compliance shift in

the direction of the longer the exposure duration, the greater the stiffness

of the ear. Again, the pre-exposure muscle reflex thresholds to a stimulus

of 250 Hz were normal and no significant differences were found following

any of the exposure durations.

Recovery of the air-conduction shifts found were tracked following all

three exposure sessions at all frequencies. Recovery took 60 minutes

following the 20 minute exposure at -O.7o F. and approximately ho minutes

following the 10 minute exposure. The recovery rate appeared to be similar

for all of the frequencies affected.

Once air—conduction thresholds had reached pre—exposure levels and

liad stabilized (I 2 dB), final impedance and tympanic temperature readings

ivere also made. In all cases tympanic temperature had returned to the pre-

expmsure levels by this time. Overall acoustic impedance measurements in

ohms were not changed by the exposure and the readings made at the final

‘testing time were the same as the pre and post—exposure readings. Middle
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ear pressure levels did not completely return to pre-exposure levels by

the time of the final measurement. The type of shift in compliance found

following both the 20 minute exposures was completely gone by the time of

this final compliance check,however overall compliance was greater at

this time than at any other testing time. Lastly, the acoustic reflex

threshold remained the same as it had been before and after all of the

exposure durations.

Conclusions
 

Within the limitations of this study, the following conclusions appear

to be warranted:

1. Exposure to temperatures of approximately —7° F. for 20 minutes

resulted in a conductive-type of hearing loss in approximately half of

the subjects tested.

2. The post-exposure air-conduction audiometric curve for the

subjects affected was depressed in the low frequencies (125 Hz, 250 Hz,

500 Hz) by approximately 5 dB to 6 dB, unaffected at 1000 Hz and slightly

enhanced in the high frequencies (2000 Hz, hOOO Hz and 8000 Hz). The

main factor determining which subjects' hearing was affected by the cold

exposure and which subjects' hearing was not affected appeared to be the

pre-exposure compliance of the ear. The stiffer the middle ear system

was prior to the cold exposure, the less likely a threshold shift would

occur.

3. When the length of the exposure duration was reduced, the size

of the air-conduction threshold shift was likewise reduced. The ten minute

exposure duration resulted in low frequency shifts of approximately 3 dB,
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and the five minute exposure duration did not affect thresholds signi-

ficantly.

h. Bone-conduction thresholds were not affected by the cold

exposure.

5. The mean pre-exposure tympanic temperature was 98.00 F. and

the mean shift in tympanic temperature was approximately the same following

all of the exposure durations. The overall range was 0° F. shift to

—2.h0° F. shift, with an overall mean shift of -O.80° F.

6. Overall acoustic impedance (in ohms) was normal pre-exposure and

was not significantly affected by the cold.

7. Middle ear pressure was normal for the group of shifters (+1.67 mm

water pressure) prior to the exposure and somewhat increased for the group

of non—shifters (+17.00 mm water pressure) at this time. The mean post-

exposure shift in middle ear pressure was 10.91 mm for all subjects, however.

8. At most pressure levels, the shifters' ears were more compliant

than the non-shifters' ears prior to the exposure. Following the exposure,

however, both groups showed reduced compliance under negative canal pressure

conditions and enhanced compliance under positive pressure conditions which

implies increased middle ear pressure resulting from the cold exposure.

9. The mean intra-aural stapedius muscle reflex threshold to a

stimulus of 250 Hz was normal before and after all of the exposure durations.

10. Recovery from the air-conduction threshold shifts was regular

and constant for all of the exposures. Recovery from the 20 minute exposure

to —7.00 F. was complete within 60 minutes and recovery from the 10 minute

exposure was complete within MO ndnutes.
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ll. The shift in tympanic temperature recovered within the time

needed for the air—conduction thresholds to recover.

12. Middle ear pressure shifts had not fully recovered by the time

the threshold shifts had done so. The mean compliance readings at this

final testing time revealed more compliant ears than either immediately

pre or post-exposure.

13. It appeared that cold air apparently increased middle ear

pressure and affected the tympanic membrane's vibratory capacity in some

of the subjects, resulting in a slight conductive—type hearing loss

(displayed audiometrically as an air-conduction "stiffness tilt").

1h. Given the fact that the type of audiogram obtained following

the cold exposure is similar to that found in patients with adhesive

otitis media and pre-clinical otosclerosis, great care should be taken

to determine how long the patient being tested was outdoors in cold air

temperatures immediately preceding an audiometric evaluation. Sufficient

time should be allowed for threshold shifts caused by the cold air outdoors

to fully recover before the actual pure-tone testing is begun to help

insure valid pure—tone test results and to aid in avoiding mis-diagnoses

of middle ear pathology.

Recommendations for Further Research
 

The present study should be replicated using an adequate testing

environment (a sound treated booth) and Bekesy audiometry, and the effects

of longer exposures and lower temperatures should be examined.

Research that resulted in a table that could be used clinically to

determine how long a subject needed to wait following a particular cold

exposure before beginning audiometric testing would be desirable.



l3l

Investigations should be made of the relationship between the

recovery patterns of the various impedance measurements and tympanic

temperature measurements and the air-conduction threshold recovery

patterns found.

The possibility of animal research concerning the effect of cold

air on the action of the tympanic membrane and middle ear muscles,

tendons, and ligaments should be explored.

The effect of long term cold exposure on the auditory system

(such as on men who work in commerical freezers) should be investigated.
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