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The REGISTRY is published semi-
annually by the NIDCD National
Temporal Bone, Hearing and
Balance Pathol ogy Resour ce Reg-
istry. The Registry was established in
1992 by the National Institute on
Deafnessand Other Communication
Disorders (NIDCD) of the National
Institutes of Health to continue and
expand upon the former National
Temporal Bone Banks (NTBB)
Program. The Registry promotesre-
search on hearing and balance
disorders and serves as a resource
for the public and the scientific com-
munity about research on the
pathology of the human auditory
and vestibular systems.

T he standard techniques of
classica pathologic histology
were seamlessly adapted in
most organsto ultrastructura micros-
copy and, with the current molecular
revolutionin medical science, toim-
munohistochemica and molecular ge-
netictissuestudies. Nevertheless, the
first step in the investigation of the
pathologica higtology of anorganmust
be a consideration of the gross ap-
pearancesin the organ, whichisusu-
aly doneby cutting dicesthroughthe
structure, or, inthecase of hollow or-
gans, by opening them up. Appropri-
ate areas can thereby be selected for
microscopic, ultramicroscopic and
molecular studiesof DNA, RNA and
proteins.

Thetempora bone, however,
cannot easily be dliced for examina-
tion of its component structures be-
causethelatter lie at the kernel of a
very hard shell of bone. Thefounda-
tionsof tempora bone pathology have
beenlaid by studying histological sec-
tionsprepared by decdcifyingthisshell
of bonein strong acid and embed-
ding and cutting thewholedeca cified
boneincdloidin. Thehistologica sec-

tions so produced allow analysis of
pathological changes, but ultrastruc-
turd investigations, specid sainsand
particularly immunohistochemical
and other molecular invedtigationsare
hardly possbleonsuchmaterid. At-
tempts have been made to obtain
specimensfor these purposesby drill-
ingtheshell of boneto enter the cen-
tral kernel. Thistechniquerequires
much time for the preparation of a
singleboneand it has been utilized
toalimited degreeonly.
Themicrodicing technique
wasdevel oped to surmount thesedif-
ficultiest. Themicrodicingmachine
congstsof amountedflat, thin, round,
steel bladewith around central ap-
erture, the inner edge of which is
tipped with diamond. Thebladeis
mounted to rotate vertically in the
case of the machine made by MR
SemiconInc., and horizontaly inthe
machine made by the Leica Com-
pany. The fixed temporal boneis
stuck onto achuck by an adhesive
such asdental wax and thechuck is
attached to ametal armthat allows
theboneto be applied to and pushed

See MICROSLICING TECHNIQUES, page4



NEWSAND ANNOUNCEMENTS ———

In the news.....

NIDCD-funded Researchers Look to Nanotechnology to
Build Smaller, Mightier Implantable Hearing Device

NIDCD has awarded a Small Business Innovation Research grant to
NanoBioMagnetics Inc., an Oklahoma City, Okla., bioengineering firm,
to investigate the use of nanotechnology in developing components
for a new generation of implantable hearing devices. Hough Ear In-
stitute, a nonprofit research, educational, and humanitarian service
institute, also of Oklahoma City, will help design and test the new com-
ponents. Nanotechnology is the branch of science in which materials
are manipulated atom by atom and molecule by molecule to create
information systems and mechanical devices of exceedingly small
size. Implantable hearing devices are an alternative to hearing aids
that use externally- and internally-placed electronic components to
deliver sound vibrations directly to the bones of the middle ear. The
use of nanotechnology for the implantable hearing device could help
produce components small enough to fit inside the middle ear but
more powerful than today’s devices.

Did you know...... American Academy of Audiol-
ogy Meeting
Did you know that there is The American Academy of

Audiology will be holding their
16th Annual Convention & Expo
on March 31-April 3, 2004 in
Salt Lake City, Utah. For more
information please visit their

website for people with hearing
loss and deafness. Jamie
Berke, the guide of the Deaf-
ness/Hard of Hearing Site,
runs the website on about.com.

The address is http:// website.
www.deafness.about.com. http:/AMww.audiology.org

They have an electronic news-
letter which goes out weekly
with topics such as cochlear

implants, hearing aids, and
otosclerosis just to name a few.
You can sign up for the newslet-
ter at their website.

International Federation of
Hard of Hearing People
IFOHOH 7th World Congress
July 4-9, 2004
The 7th World Congress of the
International Federation of Hard
of Hearing People will be held in

ASHA Meeting Finlandia Hall, Helsinki Finland.

American Speech-Language-

Look for the
Registry’s Exhibit
at these upcoming

meetings
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AAO-HNSF Annual Meeting
and Oto Exp will be held in
Orlando, Florida from Septem-
ber 21-24, 2003. Please visit
their website for more informa-
tion.
http:/Amww.entlink.net/index.cfm
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The Association for Research
in Otolaryngology 2004
MidWinter Meeting will be
held in Daytona Beach,
Florida on February 22-26,
2004. More information is
available on their website.
http:/mww.aro.org/.

Send Us Your News!
Send us your news and
annoucements regarding
hearing and/or balance loss or
temporal bone research!
(See page 3 for contact infor-

Hearing Association’s 2003
Annual Convention will be No-
vember 13-15, 2003 at
McCormick Place in Chicago.
For more information please visit
their website.

REGISTRY NEWSLETTER
AVAILABLE ONLINE
AT
www.tbregistry.org

The National Temporal
Bone Registry’s biannual
newsletter, The Registry, is
now available for viewing on
the Registry’s Website.
Subscribers can be notified
via email about current issues
and will be directed right to
the newsletter by alink to the
site. Please visit the
Registry’s website at http://
www.tbregistry.org.

http://professional.asha.org/ mation.)
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Brochuresabout Temporal Bone Resear ch and Donation
Order Free-of-Chargefor Your Office, Clinicor Organization

The NIDCD National Tempora Bone, Hearing and Balance Pathology Re-
source Registry, which is dedicated to promoting research on hearing and
bal ance disorders through the study of tempora bones, has published two
informational brochures, which you may request for display in your office
and/or waiting rooms. Both brochures encourageindividual swith hearing or
bal ance disorders to bequeath their temporal bones to scientific research.

That Others May Hear is a short form brochure which de-
scribes briefly the functions of the Registry, and answers

_ i | commonly asked questionsregarding the
= 7te| temporal bone donation process. (Dimen-
sions: 9" x 4")

ﬁ The Gift of Hearing: Learning about
REGISTRy | Temporal Bone Donation is a 16-page, full-
color booklet which describesin moredetail |
and with diagrams, the structures of the ear, types of L
auditory disorders, the microscopic study of thetemporal | o =
bone, and the benefits of temporal bone research. Italso | = N i
answers commonly asked questions regarding the tempo- B
ral bone donation process. (Dimensions: 7" x 10”)

If you arewilling to display either of these brochures, please complete the
form and return it to the Registry, by fax or mail. The brochureswill be
sent to you free of charge.

ORDER FORM
Please send me (circle or fill in quantity):

The Others May Hear: 25 50 100
The Gift of Hearing: 25 50 100

copies (free of charge)
copies (free of charge)

Name:

Address:

Address:

City, State, Zip:

Telephone:

Mail or fax thisform to the Registry at:

NIDCD National Temporal Bone, Hearing and Balance Pathology
Resour ce Registry
Massachusetts Eye and Ear Infirmary
243 Charles Street
Boston, MA 02114-3096
(800) 822-1327 toll-free phone, (617) 573-3838 fax

Or submit your request using email:
tbregistry@meei .harvard.edu
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MICROSLICING TECHNIQUES, Continued fromPage 1

againgt theinterior sharp edge of therotating blade. Inthis
way slices of the bone of variable thickness can be pre-
pared. Wehavefound that athicknessof 3mmisthe most
useful.

Successivedicesthrough thewholetempora bone
can beexamined and both normal structuresand pathol ogi-
cal changesidentified. Partsof dices canberemovedfor
histologica section or wholedicesembedded after decal ci-
fication.

Todate, only fixed temporal boneshave been used
for microdicing. Instudiesonthemembranouslabyrinth,
early fixation after death isimportant because autolysisis
very rapid. Thebest way to achievethisisby perilymphatic
perfusion of fixativeassoon aspossibleafter death. Thisis
performed by carrying out atympanotomy, removing the
stapeswith footplate and making anincisionintheround
window membrane. Fixative solution, e.g. formaldehyde
or paraformal dehyde sol ution can now be perfused repest-
edly through oneopeningin the perilymphatic space so that
it exitsthrough the other opening, inthisway perfusingthe
whole perilymphatic space and by diffusion fixing theen-
dolymphatic structures. After perilymphatic perfusionthe
tempora boneisremoved and thewholebonefixed before
microdicing (Table 1, left arm). Itispossiblethat inthefu-
ture, depending on therequirements of themolecular meth-
odsto be used, it may be necessary to microslice unfixed
tempora bones. For thispurpose, it may beuseful tofreeze
the bonesto alow temperature beforemicrodicing (Table
1, rightarm).

Tablel. Handlingof Temporal BoneBeforeMicrodicing

CURRENT PROCEDURE POSSIBLE FUTURE

Perilymphatic perfusonwith PROCEDURE
fixativein situ - remove stapes, Nofixation
perforate round window
membrane. |
Inject fixative ‘,
Removebore <. Remove bone; ? freeze
Immerseinfixative 4

X #

Trim bonewith bandsaw

Attach bone onto chuck (e.g. with dental wax)

Microdiceat 3mm
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Thereisample published evidencethat temporal
bonesmicrodliced after perilymphatic perfusion arewell
enough preserved to enablerefined studies of themem-
branous|abyrinth to be made by light and ultrastructural
microscopy. Studiesof large numbers of fixed temporal
boneswhich havenot been perilymphaticaly perfused have
also been madefor purposesto determinetheincidence
of otosclerosisinthebony labyrinth. Thefollowing para-
graphs describe some publicationswhich present these
attributes of themicrodicing method.

SurfacePreparation Sudy of Prebycusisafter
Microdicing?

A clinica, audiological and eectrophysiologica
study was carried out inageriatric unit to determinethe
changesin presbycus sand the cochleae of thosethat died
weresubjected to perilymphatic perfusonand microdicing.
Surface preparationswere madefromthemicrodiced co-
chleas. All geriatric patients had ahearing loss, mean
value of approx. 60dB HL. Therewasamoderateloss
at most frequenciesand aseverelossat thehighest. Brain
stem evoked responses showed diminished amplitudes.
Cochlear microphonics obtained by extratympanic
el ectrocochleography werereduced in proportion to the
age of the patients. Perilymphatic perfusion wascarried
outinal tempora bones. Stained surface preparationsof
the organ of Corti revealed marked changesinall of the
elderly cochleasin comparisonwith cochleasfrom younger
subjectstreated in the sasmeway. Therewas complete
atrophy of all hair cellsat the end of the basal coil and
severeouter hair cdl lossinall threecoils, accompanied
by severegiant stereociliary degenerationin somesurviv-
ingcdls,indl cases.

Evaluation of Electron Microscopy after
Microdicing®

After perilymphatic perfusion two adult temporal
boneswerefixed and then sent to our department in Lon-
donfor micradicing. They werethen returned totheir home
countriesfor scanning and transmission € ectron micrscopy.
Themicrodiced bone subjected to transmission electron
microscopy wasfound to show satifactory cellular reso-
lutionintheorgan of Corti. Thebone subjected to scan-
ning EM showed mechanical distortion and detachment
from bone.

Scanning Electron Microscopy Sudy After
Microdicing*

In contrast to the previousreport, thisoneillus-
tratesthat good preservation of perfused, microdiced tem-



poral bonesis possible when the bones are observed by
scanning eectronmicroscopy. Perilymphatic perfusonwas
carried out on thetwo temporal bones of a26 gestational
week old infant who had died of respiratory distresssyn-
dromeand four temporal bonesfrom four preterminfants
between 26 gestational weeksand near term. Scanning
€l ectron microscopy was performed on oneorgan of Corti
ineach of theothers. Unliketheunsatisfactory preparation
at scanning electron microscopy in the study mentioned
above2dl fivetempord bonesyie ded satisfactory results.
In one of thetemporal bonesof thefirst infant an almost
completelossof inner hair cellswasfound. Normal hair
celsonly wereseeninal of theother bones(Fig. 1). Sur-
face preparationsinall contralateral bonesshowed dl hair
cell rowstobenormal.

preterminfants. A. Complete loss of inner hair cellsand
normal outer hair cellsinthiscochlea. B. Normal inner
and outer hair cellsin another preterminfant. Aand B
were both frommicrodliced temporal bones. Reproduced
fromMichadsand Hellquist 2001.2

eop e LTS O

Thisfinding of completelossof theinner hair cells
inoneinfant wasa precursor of animportant recent light
microscopic histologica study of 15infants, which showed
severeinner row hair cell lossinthree of them.®

Figure 2. Oto-
sclerosis in
microdiced tem+
poral bones. A.
The otosclerosis
appears as a
mottled well-de-
" marcated area,
reddish in the
original, Stuated
between the co-
chlea and the
footplate of the
g stapes. B. Radio-
graph of tempo-
¥ ral bone with a
patch of otoscle-
ross. The latter
iIsseen asa well-
defined area of
mottled translu-
cency between
the cochlea and
thefootplate of the stapes. Notethefissulaantefenestram
(arrowheads) near the otosclerotic plaque. Reproduced
fromMichadsand Hellquist 2001.8

Polymerase Chain Reaction for Her pes Simplex
Virusafter Microdicing®

Microdicingwascarried out onthetempora bone
of apatient who had had the symptoms of Bell’spalsy
shortly beforedeath. Thebonewasthen fixed and then
embedded in paraffinwax. Microdlicesof thetemporal
bone on the affected side showed congestion of the gen-
iculate ganglion and facia nerveand histological exami-
nationindicated severe ganglionitisand inflammation of
thegeniculateganglion/facid nerve. Herpessmplex virus
type 1 wasdemonstrated inthe genomic DNA extracted
from paraffin sections of the affected geniculateganglion
region by carrying out PCR followed by electrophoresis
onagarosegel.

Incidence of Otosclerosis. a Study Using
Microsliced Tempor al Bones’

Onehundred and eighteen pairs of tempora
bonesderived from consecutive adult desthsinasingle
hospital were screened for otosclerosisby gross
observation of microdicescombined with microradiog-
raphy and positive cases (Fig. 2) were confirmed by

See MICROSLICING TECHNIQUES, page 7
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LABCRATCRY SPOILI GHT

Scientific study of the human temporal bone and related brain tissue is a time-consuming process performed in highly
specialized otopathology laboratories by researchers who are dedicated to enhancing our understanding of the pathology
underlying disorders of hearing and balance. “Laboratory Spotlight” is a continuing series of articles offering a glimpse inside
the laboratories in the United States and abroad conducting temporal bone research.

TEMPORAL BONE LABORATORY OF
THE UNIVERSITY OF CALIFORNIA, SAN DIEGO

Elizabeth M. Keithley, Ph.D., Director, Jeffrey P. Harris, M.D., Ph.D., Co-Director

tiveinanimal research for thelast 20 years. Re-

searchissues have centered oninner ear immuno-
pathol ogy and mechanismsassociated withnormd agingin
thecochlea. We have pioneered the study of immunologic
responsesintheinner and middlieear. Wearerelatively
new to human temporal boneresearch, but in collabora-
tionwiththe House Ear Institute Temporal Bone Labora
tory and Drs. Fred Linthicum and JuliaTian, we have de-
vel oped methodsfor immunohi stochemica staining of cel-
|oidin embedded temporal bone sections.

Wehaveasmdl collection of hematoxylinandeosin
stained celloidin sectionsfrom temporal boneswith vari-
ousotologic pathol ogiesthat wereagift of Dr. Schuknecht.
These sectionsareintervening sectionsfrom bonesinthe
collection at the M assachusetts Eyeand Ear Infirmary. We
a so obtained through the Registry, acollection of cdlloidin
sectionsmade by Dr. Brunner from temporal bones col-
lectedinthe pre-antibioticera. Dr. Choleand Dr. Benitez
inthe Department work with residentsto teach them tem-
poral bone histopathology and 3-D reconstruction of tem-
poral bone structures.

Our current research project is headed by Dr.
CeciliaCanto, an otolaryngologist and visting scholar from

The Otologic Laboratoriesat UCSD have been ac-

The Registry, Vol. 11, No. 1, Summer 2003

The Temporal Bone
Laboratory islocated
inthe Surgery Re-
search Laboratory at
the UCSD Medical
Center inHillcrest.

Chile. Incollaborationwith The CdliforniaNeuro-AIDS
Tissue Network (CNTN), made possible through a 5-
year, $5 million grant from the Nationa Ingtitute of Men-
tal Hedlth to the University of California, San Diego, we
have been ableto collect norma tempora bonesandtem-
pora bonesfromindividuaswhodied of AIDS. Muchis
known about the effects of thisinfectiousdisease on many
organsystems. At theUniversity of Cdifornia, San Diego
investigatorsarestudying theeffectsonthebrain and eyes.
Very littleisknown, however, about the effectson the
inner ear. Thiscollaborationisthefirst to providealarge
sample of temporal bonesfromAIDS patients. Weare
evaluating temporal bone sectionsfor the presence of
opportunigticinfectionsusingimmunohisochemigry inthe
cochleasand auditory nervesof HIV infected patients.
At thistime, wehavefound asgnificantly higher incidence
of inflammation and abnormal structureintheinner ears
of patientswho died of AIDS, when compared with non-
HIV-infected subjects. We concluded from our study that
HIV-infection also affectstheinner ear and auditory nerve
inmany individuas. Theprojectispartialy funded by the
Academy of Otolaryngology/Head and Neck Surgery
through agrant fromtheTrilogica Society.

Saff of the Temporal Bone Lab (left to right): Peter
Billings, Ph.D., Cecilia Canto, M.D., Elizabeth
Keithley, Ph.D., Shighehisa Hashimoto, M.D. and
Xiaobo Wang, M.D.



MICROSLICING TECHNIQUES, Continued frompage5

histology. Histologic otosclerosiswasfound in 3.4% of
the patients by these methods.

Discussion

Thesereported sudiesconfirmthat microdicing
of temporal bonesisava uablemethod intheinvestiga-
tion of inner ear pathology in post-mortem temporal
bones. Two other techniques enhance the useful ness of
themicrodlicing technique. Perilymphatic perfusionas
soon as possible after death isan important adjunct to
ensurerapid fixation of themembranouslabyrinth. Ra
diography of thetemporal bonedicesprovidesinforma:
tion that may not be obtai ned by grossexamination alone.

After microdicing, inner ear structures are suffi-
ciently well-preserved, not only when observed in stan-
dard histological sections, but dsowith refined light and
ultramicroscopic methods. Surface preparationsof or-
gan of Corti displayed marked pathology in elderly co-
chleas compared with normal.? Both transmission and
scanning el ectron microscopy techniquesusually showed
finegtructureswell.** Important findingswere madewith
scanning el ectron microscopy inregardtosuch addlicate
alteration asinner row hair cell lossinaninfant.* Few
molecular studies have so far been carried out in
microdiced tempora bones. PCR of thegeniculategan-
glionregioninthemicrodicedtempora boneof apatient
with Bdll’spal sy demonstrated herpessimplex virustype
1 and confirmsthat microdicing has potential for future
molecular investigationson theinner ear.®

Microdlicing combined with radiography of the
dicesisaussful screening method for surveyinglargenum-
bersof temporal bonesfor otosclerosis.” Theotoclerotic
areas so displayed appear well-preserved and thetech-
nique is promising for future molecular research in
otoclerosis.

Thetechnique of microdlicing does have draw-
backs, however. Thereis, inevitably, alossof tissuefrom
the cutting of the diamond-edged blade. Thismust cor-
respond to thethi ckness of the blade, together with some
tissuedisruption underlying each cut surface. Theamount
of lost tissue hasbeen calculated to beasmuch as1 mm
oneach sideof thedice.® Whatever theactual loss, itis
clear that microdicing haslimited valuewhen measure-
ments of the distribution of achange haveto be applied
throughout thelength of astructure, e.g. in attempting to
produce adtrictly accurate cochleogram. Bonedust also
presentsaproblem asit isinevitably deposited on cut
surfacesand may obscureimportant histologicareas. The
amount of thiscontaminant can be cons derably reduced,

however, by constantly washing the boneby water during
microslicing. Each of the two commercially available
microdicemachinesprovidegood facilitiesfor thiswash-
ing process.
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disorders.

Meniere's
Disease:
What You
Need to
Know by P.J.
Haybach,
R.N.,M.S.,
336 pages,
illustrated,
indexed. Comprehensive book
that includes the symptoms of
Meniere’s disease, hearing
anatomy, different methods of
testing, treatments options
currently available, diet, drugs,
research, insurance, surgery,
other information sources,
support groups.

MENIERE S
DisEASE

ey You Nrp ro
Mo

Vestibular Disorders Association
P.O. Box 4467
Portland, OR 97208-4467
Phone: 800-837-8428
Fax: 503-229-8064
Email: veda@vestibular.org
Website: www.vestibular.org

These titles can all be purchased
through the Vestibular Disorders
Association.

A

Whar You Neep
To Knvow

If you or anyone you know suffers from a balance disorder, these books are good resources. They cover
everything from medical care to insurance coverage. Each title is informative and thorough. They offer
valuable information for patients, healthcare providers, family and friends of people afflicted with balance

Balancing

Act, 2nd BALANCING
edition, 96 Acr
pages, For Proree wiTH
ilustrated, |-
by Watson, im0 B
Sinclair,

and :T-"-":-?:E";‘i
Haybach.

Extended overview of vesti-
bular disorders. Symptoms,
diagnosis, treatment, nutri-
tion, exercise, life-style
adaptations.

BPPV: What You Need to Know by P.J. Haybach, R.N.,

L iysach BN M

i INfOrmation.

M.S., 208 pages, illustrated, indexed. Symptoms,
anatomy, testing, treatments, coping, insurance, other
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