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CHANGES IN SPONTANEOUS ACTIVITY AND CNS MORPHOLOGY
ASSOCIATED WITH CONDUCTIVE AND SENSORINEURAL

HEARING LOSS IN CHICKENS

DEBARAL. TUCCI,MS, MD
CHARLOTTESVILLE, VIRGINIA

The effects of a conductive or mixed (conductive and sensorineural) hearing loss on anatomical and physiological properties of the
chicken auditory system were examined. Animals used in the anatomical studies underwent either a columella (ossicle) removal, which
produced a moderate conductive hearing loss, or an oval window puncture, which produced a severe mixed hearing loss, at 4 days
posthatch. In a companion study, multiunit spike counts were obtained from Scweek-old chickens before, during, and after consecutive
tympanic membrane puncture, columella removal, and oval window puncture. Tympanic membrane puncture and columella removal
(conductive hearing loss) are not associated with either cell area changes in the nucleus magnoeellularis or changes in spontaneous neuronal
activity. Conversely, an oval window puncture (sensorineural damage) is associated with a cell area reduction of 20 %, as well as a marked
decline in activity within auditory nuclei.

KEY WORDS - deprivation, development, neural activity.

INTRODUCTION
Numerous authors have suggested that a chronic,

intermittent conductive hearing loss during child-
hood is associated with substandard performance
on specific measures of auditory processing skills,'·3
an effect that may be permanent and Irreversible."
The conclusions drawn from these studies have been
subjected to thoughtful scrutiny in reviews of this
literature by Ventry," Paradise," and Ruben .• Criti-
cisms focus on the problems of subject selection,
small numbers of subjects, documentation of the
original diagnosis and associated hearing impair-
ment, and appropriateness of tests and testing tech-
niques,
While inherent limitations do exist in the general-

ization of results from animal studies to a human
population, such paradigms offer solutions to the
experimental design problems noted above, Studies
published to date suggest that peripheral manipula-
tions that reduce exposure to environmental sound
are associated with changes in neuron soma size in
first through fourth order auditory neurons in the
mouse, rat, and chicken'<" as well as dendritic mor-
phology in brain stem auditory nuclei.lI•13 Altera-
tions in physiological response to sound""· and au- SURGICALMANIPULATIONS
ditory perceptual tasks":" have also been noted. Columella Removal. The chicken has one middle
One shortcoming of these studies is that the type ear ossicle, the columella. Removal of the columella
and degree of hearing loss produced by experimen- is a simple procedure, accomplished by creating a
tal manipulations has not been well characterized. small hole in the tympanic membrane, identifying
It is not clear, in all cases, that attempts to experi- the shaft of the columella, and removing the ossicle
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mentally produce a purely conductive hearing loss
have been successful. Cochlear damage concurrent
with or secondary to the experimental manipulation
has not been thoroughly examined. Furthermore,
although it has been hypothesized that altered neu-
ral activity is responsible for the morphological
changes in auditory neurons;" ... measurements of
spontaneous and acoustically driven activity have
not been reported in conditions of known hearing
loss.
We report the results of experiments that address

the following questions. 1) Is a documented conduc-
tive or sensorineural hearing loss associated with
changes in second order auditory neuron morphol-
ogy? 2) Are changes from baseline neural activity
associated with conductive or sensorineural disor-
ders? These questions were examined using chickens
as experimental subjects. These animals have been
used extensively in our laboratory for anatomical,
physiological, and developmental studies of the
auditory system. The advantages of their use are
detailed elsewhere. "

METHODS
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from the middle ear space. Removing the columella
in this manner does not produce observable leakage
of perilymph. Chickens were 4 days posthatch at
the time of surgery. Mter survival times of 2 (n = 6),
4 (n = 4), 8 (n= 4), 15 (n = 5), 30 (n= 6), 45 (~= 6!,
or 60 (n = 5) days, animals were perfused with ei-
ther Heidenhain's solution or a mixture of 2 % glu-
taraldehyde and 2 % formaldehyde in phosphate
buffer. Brains were dehydrated, embedded in par-
affin, coronally sectioned at 10 I'm, mounted on
slides, and stained with thionin. Columella removal
was always performed on the right ear, so that the
left served as control. In addition, two to three ani-
mals that hatched with the experimental animals
served as controls in each survival group.

Oval Window Puncture. In seven 4-day-old ani-
mals, removal of the columella was followed by in-
sertion of the forcep tip (No.5 Dumont) 1 to 2 mm
through the oval window. Animals were allowed to
survive 60 days and were then processed as de-
scribed above. Because we have examined cochlear
hair cells in ears following this manipulation and
found no evidence of hair cell damage by light
microscopy," we assume that this puncture results
in a perilymph fistula rather than in free mixing of
endolymph and perilymph ....u It is possible that
restricted damage to the tegmentum vasculosum is
produced by this procedure. Hair cell counts may
not reveal subtle but physiologically important
defects in these structures.

CELL AREA MEASUREMENTS

Eighth nerve fibers project from the ipsilateral
basilar papilla (cochlea) providing monaural input
to second order neurons in the nucleus magnocel-
lularis (NM). This nucleus receives no known input
from contralateral auditory structures. In each ex-
perimental and control animal, the cross-sectional
areas of NM cells were measured on each side of the
brain. All cell area measurements were made by
one experimenter, and only neurons with a visible
nucleolus, a clear nucleus, and stained cytoplasm
were measured. All neurons in the NM meeting
these criteria were measured from three consecutive
sections (spaced at 40-l'm intervals). The measure-
ments were repeated at two positions in the NM,
30% and 70% of the anterior-to-posterior extent of
the nucleus. These.positions correspond roughly to
the 2,000- and 500-Hzregions, respectively, of this
tonotopically organized nucleus. Cell measure-
ments were made with a Zeiss Videoplan Image
Analysis System. A total of 16,008 cells were mea-
sured for this study. Repeat measurements, made
by both the experimenter (ten brains) and a naive
observer (six brains), varied from the original by
less than 5%.

HEARING THRESHOLD MEASUREMENTS

For the purposes of this report we will use the ac-
cepted clinical terminology to define conductive
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Fig 1. Mean cross-sectional cell are~ in nucl~us magnoc:el-
lularls (NM) as function of SUIVlVal period following
unilateral columella removal. Data shown are for NM cells
ipsilateral (EXP:IPSI) and contralateral (EXP:CONTRA)
to operated ear in experimental animals, and for two Sides
averaged for control animals (CONTROL). Lines indicate
standard error of mean. Cell area measurements are from
A) anterior and B) posterior portions of NM. (Reprinted
with permission. 20) I"
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and sensorineural hearing loss. A conductive hear-
ing loss is an elevation of air-conducted stimulus
thresholds, with normal responses to bone-con-
ducted signals. Sensorineural hearing loss is present
when thresholds to both air- and bone-conducted
signals are elevated.

Evoked potential thresholds were obtained for
both air-conducted and bone-conducted signals fol-
lowing columella removal and oval window punc-
ture. Thresholds were obtained at frequencies rang-
ing from 500 to 3,000 Hz; a pure tone of 20-ms
duration with a 4-ms rise-fall time was presented at
a rate of 2/second. Stimulus presentation was by a
speaker (Realistic Minimus-7) or by a bone vibrator
(Radioear B-7l) fixed to a dental cement base on the
animal's head. Free field calibration was carried out
at the normal position of the animal's head using a
Knowles BL 1830 microphone and a Bruel and Kjaer
narrow band spectrum analyzer (type 2031). The
bone vibrator was calibrated using an artificial mas-
toid (Bruel and Kjaer type 4930). Evoked potential
thresholds were recorded in anesthetized animals
(ketamine hydrochloride, 80 mg/kg and Chloropent
[Fort Dodge Labs; proprietary mixture of pentobar-
bital, chloral hydrate, magnesium sulfate, ethanol,
and propylene glycol), 1.5 mg/kg or sodium pento-
barbital [Nembutal], 0.5 mg/kg) 20 to 25 days after
hatching. Grass pin electrodes were implanted
through the intact skull into the right and left cere-
bellum at a level just above the brain stem auditory
nuclei and in the thigh muscle (ground). Responses
were amplified, filtered (20 to 2,000 Hz band pass),
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digitized by an A to D converter at a rate of 10 kHz ~
and then averaged over 200 stimulus presentations. •
Thresholds were defined to within 5 dB by identify- 30

ing the lowest intensity for which the response was
twice the amplitude of prestimulus baselinevariations.

..'.

Air conduction thresholds were obtained from
four animals following columella removal and three
animals following oval window puncture. In all
cases, hearing loss was determined by comparison
with baseline thresholds in the intact ear of the
same animal; all thresholds were measured immedi-
ately following the manipulation.

Bone conduction thresholds were recorded in two
animals, following sequential columella removal
and oval window puncture. In these animals, the
contralateral cochlea had been removed either
acutely or several days prior to testing in order to
limit responses to the manipulated ear. Thresholds
were also obtained from four columella removal an-
imals and four oval window puncture animals 7
days following the surgical manipulation. In each
case, baseline threshold measurements were made
with one cochlea intact. The intact cochlea was
subsequently removed to selectively test thresholds
of the manipulated ear.
MULTINEURONAL SPIKE COUNTS

Eleven 3-week-old chickens were anesthetized as
described for measurement of hearing loss, and
secured in a specially designed headholder inside a
double wall Industrial Acoustics Corporation
chamber. Body temperature was maintained at
39°C. The skull over the cerebellum was removed
to allow penetration of a glass-insulated tungsten
recording electrode (1 to 2 Mil resistance). Sound
was delivered through a closed system via cali-
brated (Knowles BL 1830 microphone attached to a
probe tube) ear tubes sealed at each auditory mea-
tus. .
Spontaneous and sound-driven multineuronal

spike recordings were made from the second and
third order nuclei, the NM and nucleus laminaris
(NL), respectively, which were located by sound-
evoked activity. A pulse height discriminator was
set so that the trigger level was just above the elec-
trical noise level when the electrode was in CSF
above the brain. Spikes were counted in J-second
bins, and the average of 100 bins was calculated.
The maintained spontaneous discharge from audi-
tory brain stem nuclei was measured before, dur-
ing, and after contralateral cochlea removal, ipsi-
lateral tympanic membrane puncture, columella
removal, and oval window puncture. In addition,
sound-driven activity was monitored by obtaining
rate intensity functions following each manipula-
tion at the multineuronal best frequency. The
stimulus used was a l-second pure tone with 4-ms
rise-fall times. The stimulus was presented at
2-second intervals.

1.
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Fig 2. Percent decrease in cell area following columella re-
moval and oval window puncture in animals that survived
60 days. Percent decrease in cell area is mean of 100 x (con-
tralateral - area ipsilateral)/area contralateral; positive
number indicates that ipsilateral cells are smaller than
those contralateral to manipulated ear. Scores are given for
anterior and posterior portions of NM. Lines indicate stan-
dard error of mean.

Changes in spontaneous spike rate were quanti-
fied by comparing the number of spikes/second be-
fore manipulations to the spike rate following each
manipulation. The premanipulation baseline for
the experimental ear was determined by averaging
three samples, each of which was 100 seconds in
duration. At least one of the premanipulation sam-
ples was taken after the contralateral cochlea was
removed.
In order to determine whether changes in re-

corded neural activity occur as a result of long-term
electrode placement, chronic recordings were made
in one animal for 12 hours prior to any manipula-
tion and in a second animal for 3 hours between col-
umella removal and oval window puncture. In ad-
dition, movement of the electrode at the end of each
experiment within a 100-/Lmregion on either side of
the original recording site confirmed that activity
changes, when observed, were not limited to the
original recording site. These maneuvers added
confidence that observed changes in activity were
not the result of tissue damage from the recording
electrode.
At the end of each experiment, a small lesion was

produced at the site of the recording electrode and
the brains were processed for histology. Brains in
which lesions were not located within the boun-
daries of the NM or NL were eliminated from the
study. Microelectrode lesions were located in the
NM or NL in eight of 11 experimental animals.

RESULTS

CELL AREA MEASUREMENTS

Mean cross-sectional cell area for anterior (30%
of anterior-to-posterior extent) and posterior (70%
of anterior-to-posterior extent) portions of the NM
following columella removal are presented for each
survival group in Fig 1. Examination of these data
reveals no difference between experimental and
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from the control animals were not statistically dif-
ferent from data obtained from the control or the
experimental sides of the brain in experimental ani-
mals. Although there appears to be a consistent dif-
ference between mean cell area of control and ex-
perimental animals at the three longest survival
times, this between animal difference does not ap-
proach statistical significance.

Mean cell areas for animals in the oval window
puncture group are compared in Fig 2 with those
for columella removal animals at a similar survival
time. Cell area in the NM ipsilateral to the oval
window puncture was reduced by 19.6% and
17.6% for anterior and posterior portions of the
nucleus, respectively. An analysis of variance (cell
area by position in nucleus and side of brain) con-
firmed the significant effect of this manipulation on
cell area on the experimental side for both the ante-
rior and the posterior positions (p< .005).
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Fig 3. Sensorineural hearing loss measured in decibels as
function of bone-conducted stimulus frequency after col.
umella removal (CR) or columella removal and oval win-
dow puncture (CRfOWP). Lines indicate standard error of
mean. (Reprinted with permtssion.s")

control sides of the brain. A multiple dimension an-
alysis of variance was used to test for statistically
significant effects. Mean cell areas, difference
scores (area left minus area right), and percent dif-
ference scores (difference scores divided by area
left, multiplied by lOO)were examined as a function
of level in the nucleus and side of the brain (within
subject variables) and by survival time and treat-
ment condition (between subject variables). There
was no main effect of side of the brain at either level
and no interaction between side of the brain and
survival time or level in the nucleus. There was a
significant effect of level in the nucleus (p< .001),
which reflects the fact that cells in the anterior NM
are typically slightly larger than those in the poste-
rior portion of the nucleus. Mean cell area data

Before Manipulations

HEARING THRESHOLDS

In animals with the columella removed, evoked
potential thresholds for free field stimuli revealed a
50- to 55-dB hearing loss across frequencies. Hear-
ing loss following oval window puncture was great-
er than that following simple columella removal,
but could not be measured exactly due to the output
limitations of the sound delivery system.

Bone conduction thresholds are presented in Fig
3 for acute and chronic conditions. It is evident
from these data that the hearing loss produced by
columella removal is purely conductive in nature,
while that associated with oval window puncture
has a sensorineural as well as a conductive compo-
nent. The 5- to lO-dB sensorineural hearing loss ob-
served acutely following simple columella removal
completely resolves over time. The initial difference

Oval Window PunctU"ed « 1 ~

Tyf1¥WlIc Membrane Punctured 6 Holl's After OWP
Fig 4. Maintained (spontaneous)
multineuronal spike activity re-
corded from one animal before
manipulation and after successive
experimental manipulations. Ac-
tivity just above brain stem (used
to set discriminator level) is in-
cluded for comparison.

ColumeDa Removed
Above Btm Stem
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Fig 5. Averaged multineuronal spike rates presented as
percentage of premanipulation activity. Number of ani-
mals averaged for each data point is displayed in histogram
bars. Activity following each manipulation is shown by
solid bars, and activity after successive periods following
oval window puncture is shown by hatched bars. Lines in-
dicate standard error of mean.

was probably due to mechanical trauma associated
with removal of the ossicle. Conversely, the sen-
sorineural hearing loss associated with oval window
puncture increases with time, possibly due to a per-
sistent perilymph fistula or altered perilymph-
endolymph fluid relationships.
MULTINEURON SPIKE RECORDINGS
Spontaneous Activity. Spontaneous spike rates at

the discriminator settings used ranged from 900 to
1,800 spikes/second prior to manipulations. Activity
levels following contralateral cochlea removal were
within 10% of the previously established baseline in
five cases. In the remaining three animals, activity
transiently increased following contralateral coch-
lea removal, by an average 25%. Figure 4 illus-
trates the changes in neural activity recorded from
the NM in a representative animal before any man-
ipulation, and then during successive manipula-
tions: after tympanic membrane puncture, after
columella removal, and following oval window
puncture (immediate and 6 hours after the proce-
dure). These illustrations of activity are compared
with the electrical trace recorded with the electrode
tip in CSF above the brain stem.
Averaged data from all eight animals are pre-

sented in Fig 5 as percent of premanipulation base-
line activity levels. Recordings were taken from ani-
mals for variable amounts of time. Multineuronal
activity rates remained relatively unchanged fol-
lowing manipulations that affected only the middle
ear conductive apparatus. Average activity levels
following tympanic membrane puncture and col-
umella removal were 94% and 97% of baseline, re-
spectively. However, once the integrity of the sen-
sory organ was disrupted, as after the oval window
puncture, activity levels quickly fell to an average
64% of baseline. Thirty minutes later we observed
an unexpected partial recovery to 83% of baseline,
which was followed by a continuous decline. Neu- .
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Fig 6. Acoustically driven activity for one animal A) before
and B) after columella removal. Best frequency in this ex-
ample was 2,485 Hz. Stimulus envelope is shown below -
each trace.

ral activity rates decreased to less than 50% by 3
hours after oval window puncture in six surviving
animals. In the one animal from which we contin-
ued to take physiological data for over 20 hours af-
ter oval window puncture, the activity level fell to
less than 20% of the original baseline level.
Results of long-term recordings revealed no effect

of chronic electrode placement. For one animal in
which activity was measured for 12 hours before
any experimental manipulation was performed, ac-
tivity was found to increase somewhat from 1,185
spikes/second to 1,243 spikes/second, with a mean
activity rate during this period of 990 spikes/second.
Likewise, activity was found to increase during the
course of a 3·hour recording in one animal follow-
ing columella removal, from 1,566 spikes/second to
1,628 spikes/second, with an average activity rate
of 1,579 spikes/second during that period. There-
fore the changes observed following oval window
puncture cannot be attributed to trauma produced
by the recording procedures.
Acoustically Dr/ven Activity. Best frequency in

the region of the recording electrode ranged from
650 to 2,350 Hz. An example of acoustically driven
activity is shown in Fig 6. There is an obvious de-
crease following columella' removal in the number
of individual spikes and in the background activity
in response to the pulsed tone, while baseline activi-
ty appears unaltered.
Hate-intensity functions were obtained at the best

frequency of the recording site for all experimental
conditions. A representative series of rate-intensity
functions from one animal is shownJn-Fig .7.
Auditory thresholds were determined from the rate-
intensity functions as the point at which driven ac-
tivity begins to increase with increasing stimulus in-
tensity. In decibels sound pressure level (SPL), the
average thresholds (± SD) were as follows: baseline
24 dB SPL (±2.6), tympanic membrane puncture
41 dB SPL « ± 10), columella removal 72 dB SPL
(± 18), and oval window puncture >99 dB SPL.
The hearing loss produced by columella removal
(48 dB) correlates well with data obtained from our
evoked potential measurements. Again, output lim-
itations of the sound delivery system precluded ob-
servation of the entire rate-intensity function for
animals following oval window puncture.

,;..
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Fig 7. Unilateral rate-intensity
functions for chick at consecutive
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DISCUSSION

The "trophic" influence of afferent activity on
the development and maintenance of postsynaptic
target neurons has long been of interest. A relative
decrease in activity is the factor often assumed re-
sponsible for transneuronal degenerative changes
associated with both deafferentation and depriva-
tion in various sensory systems." However, until re-
cently there has been no systematic quantitative ex-
amination of the effects of peripheral manipulation
on both activity and morphology in a sensory sys-
tem.

Kupperman and Kasamatsu" and Eysel and
Wolfhard" studied the relationship between neural
activity and cell area changes in the lateral genicu-
late nucleus (LGN) of cats; these studies yielded
conflicting data. Tetrodotoxin (TTX), a sodium
channel blocker, has been demonstrated to tempo-
rarily eliminate retinal ganglion cell action poten-
tials and provides a means of selectively examining
the influence of activity on postsynaptic neurons.
Kupperman and Kasamatsu" found that successive
TTX injections in 7-week-old kittens were associ-
ated with a 20% to 30% decrease in the LGN cell
area after 1 week. However, in one adult cat, Eysel
imd Wolfhard'" reported no greater decrease in
LGN cell area after both TIX injection and a par-
tial retinal lesion than after retinal lesion alone.
They concluded that a loss of neural connections
rather than a change in activity is the factor re-
sponsible for the observed LGN morphological
changes.

The present study demonstrates that a columella
removal, which produces a purely conductive hear-
ing loss of a moderate degree, is not associated with
cell area changes in second order neurons of the NM
in the chicken. Conversely, an oval window punc-
ture, which causes a severe mixed (conductive and
sensorineural) hearing loss, is associated with a 20%
reduction in cell area in the ipsilateral NM.

These initial findings of our study were quite un-

20 eo ec eo

expected in view of previous results."?" Physiologi-
cal measurements were performed with the hope of
clarifying our anatomical data. Measurements of
activity in second and third order auditory neurons
revealed that spontaneous activity was not altered
by those manipulations known to produce a purely
conductive hearing loss, namely, tympanic mem-
brane puncture and columella removal. However,
once the integrity of the oval window was dis-
rupted, producing a sensorineural hearing loss, ac-
tivity decreased markedly. This decline in. activity
was variable over time, presumably because of the
initial dynamic nature of the fistula. However, ac-
tivity steadily decreased after 30 minutes, and after
12 hours it had dropped to 20% of baseline in the
two surviving animals. These results imply that
morphological changes in NM are related to
changes in eighth nerve activity. Alterations in both
neural activity and morphology are associated with
manipulations that produce a sensorineural hearing
loss (ie, oval window puncture) but not with colu-
mella removal, which produces a purely conductive
hearing loss with little or no change in maintained
activity.

The long-term nature of the fistula produced by
oval window puncture has not been assessed.
Therefore the morphological changes observed in
brain stem auditory neurons could result from a
variety of factors that were not completely assessed
by absolute hair cell counts. For the purposes of
clarity it is important to emphasize that we have
distinguished conductive hearing loss from sen-
sorineural hearing loss simply on the basis of the
presence or absence of an air-bone gap on physio-
logical testing. This does not define the actual
mechanism responsible for the sensorineural hear-
ing loss. In addition to the possibilities of cochlear
injury related to formation of the fistula, chronic
leakage of perilymph resulting in injury to the sen-
sory epithelium or injury to the tegmentum vascu-
losum producing a loss of the endocochlear poten-
tial, a variety of alternative explanations should be

'.i
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considered. These include impedance alterations that is sensitive to a broad frequency spectrum
due to changes in fluid dynamics in the middle or could permit the assessmentof differencesin the ef-
inner ear spaces, alterations in perilymph and as- fects of a conductive losson neurons responsiveto
sociated CSF pressure changes, chronic changes in high versus low frequencies. It will also be impor-
inner ear temperature, and inner ear infection not tant to assess changes in spontaneous activity
revealedby the histologicalanalysis. associated with a conductive deficit in both high
The activity changes observed in this study are and low frequency neurons. Another plausible ex-

consistent with data from several other investiga- planation of the discrepancy is that experimental
tors. Woolf et al" studied 2-deoxyglucose(2-DG) manipulations of the conductivepathways can lead
uptake in the gerbil in silence followingunilateral to secondary inner ear changes that reduce spon-
tympanic membrane and malleus removal. Glucose taneous activity. While earlier reports seem to
metabolism, as reflected by 2-DG uptake, has been eliminate this possibility, Webster and Bobbin"
widely usedas an indirect measureof functional ac- have recently reported changes in electrical poten-
tivity in neural tissue. Labelled 2-DGuptake was at tials recorded from the inner ear after reopening

atretic ear canals in mice.least as great (and reportedly slightlygreater) in the
auditory pathway innervated by the ear with the The findingsof the present studyshowa relation-
conductive disorder as in neural regions receiving ship between neural activity and morphological
input from the normal ear. Unilateral cochleaabla- changes in second order auditory neurons. These
tion, associatedwith a dramatic reduction in spon- results demonstrate that auditory deprivation, as
taneous neural activity;" produces a large decrease produced by a purely conductivehearing loss,isnot
in 2-DGuptake.,5,2' In addition, Sachset al" report simply a lessseverecase of deafferentation. In this
that placement of.an earplug in the external audi- study, a conductive hearing lossproduced changes
tory canal of pigeonsdoesnot alter spontaneousac- in the transmission of information from the en-
tivity in eighth nerve fibers. This manipulation in- vironment to the brain, but no changes in overall
creased auditory nerve discharge thresholds by 40 levelof spontaneousactivity or atrophy of neurons
dB.' in the second order brain stem auditory nucleus.

Deafferentation, or for that matter, less severe
It is of interest that the anatomical results of the damage to the inner ear produces at least acute

present study appear to differ frompreviousstudies changes in spontaneous activity as well as dimin-
in the chick and mouse.'.'.'0 Possibleexplanations ished information from the environment. This in
for these differences are discussed in more detail turn resulted in chronic atrophic changes in these
elsewhere;" It is unlikely that the manipulation secondorder neurons.Wesuspectthattheseconclu-
used in this study was initiated after the termina- sions,on further testing,will provevalid acrossspe-
tion of a critical period in development. Initiation cies. It is possiblethat otitis media could be associ-
of a conductivehearing lossat embryonicday 19, as ated with such changesonly if a concomitantsenso-
in previous experiments,10 also failed to produce rineural hearing lossexists.A relationshipbetween
changes in NM cell size.'0 severeOMEand sensorineuralhearing losshas been
Two explanations of the dissimilaritiesbetween proposed.30 However, it is alsopossiblethat activity

our data in the chick and those of Webster and levels in other neural regionsmay be markedly al-
Webster' and Webster' in the mouse seem most tered by conductive deficits, and that other audi-
plausible. The first relatesto differencesin the spec- tory capabilities such as binaural processing and
trum of hearing in these laboratory animals. The cognitive development may be adversely affected
range of frequenciesto which the mouseis sensitive by the hearing loss." It is therefore premature to
is considerably higher than the range for the draw conclusions about the effects of uncompli-
chicken (1 to 60 kHz in the mouse compared with cated otitis media on auditory development. It is
0.1 to5 kHz in the chicken).It ispossiblethat a con- clear that in future studies the type and degree of
ductive hearing lossismore likelyto affect high fre- hearing loss associatedwith experimental manipu-
quency neurons. The results of Smith et al" lend lations must be carefully assessedso that the find-
some support to this notion. The use of an animal ingsmaybe interpreted unambiguously.
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