
respectively. The threshold of both group showed a 
statistically significant difference (p < 0.05). In the beta-
carotene experiment, both control and studied group 
showed 21.66 ¡¾ 3.23 dB on their hearing. After the noise 
exposure, the control group showed 85.00 ¡¾ 3.41 dB HL 
and experimental group showed 61.00 ¡¾ 2.34 dB HL. 
After one month their hearing thresholds were 80.00 ¡¾ 
3.4 dB HL and 62.00 ¡¾ 1.2 dB HL, respectively. The 
threshold of both group showed a statistically significant 
difference (p < 0.05).  
Conclusion : From these experiments we can see that 
retinoic acid and beta-carotene helped to prevent the 
hearing loss partially, when introduced to the mice before 
the noise exposure. The preventive effect of these two 
substances differs by about 15 dB. 
 
 598  History of Hearing and Hearing Loss 
Research at NIOSH 
Rickie Davis1

1NIOSH 
The Occupational Safety and Health Act of 1970 created 
two new agencies, the National Institute for Occupational 
Safety and Health (NIOSH) in the Centers for Disease 
Control and Prevention (CDC) and the Occupational 
Safety and Health Administration (OSHA) in the 
Department of Labor.  NIOSH’s mission is to protect the 
American worker from occupational illness, injury and 
death through research and education. 
Since its inception, NIOSH has been actively involved in 
hearing research.  NIOSH wrote the first criteria document 
for Noise Induced Hearing Loss which became the bases 
for the Occupational Noise Exposure Standard (1971) and 
the Hearing Conservation Amendment (1983). 
In 2006, the Institute of Medicine of the National 
Academies of Science was contracted to do a peer review 
of the NIOSH Hearing Loss Prevention Program.  This 
required the program to organize past and present 
research efforts into a coherent body of knowledge.  We 
found that our research clustered around four themes: 1) 
Contribute to the development, implementation and 
evaluation of effective hearing loss prevention programs; 
2) Reduce hearing loss through interventions targeting 
personal protective equipment; 3) Develop engineering 
controls to reduce noise exposures; 4) Improve 
understanding of occupational hearing loss through 
surveillance and investigation of risk factors. 
This presentation will highlight some of the hearing 
research efforts and partners over the 30+ years of its 
history. 
 
 599  Diverse Synaptic Terminals on Rat 
Stapedius Motoneurons 
Thane E Benson1, M Christian Brown1,2, Daniel J Lee1,2

1Eaton Peabody Laboratory, Massachusetts Eye and Ear 
Infirmary, 2Department of Otology and Laryngology, 
Harvard Medical School 
The middle ear muscle (MEM) reflex is a major efferent 
system to the auditory periphery and, in humans, is 
mediated primarily by contraction of the stapedius muscle. 
This reflex protects the ear from acoustic injury and 

reduces the masking effects of background noise. 
Although the afferent and efferent pathways of the MEM 
reflex are well characterized, the central pathways are 
poorly understood. To elucidate the central reflex circuitry 
and other inputs, we characterized the synaptic profile of 
stapedius motoneurons (SMNs). Horseradish peroxidase 
labeled perifacial neurons ventromedial to the facial motor 
nucleus were selected for EM analysis (3 SMNs from 2 
rats). Several types of terminals were found to synapse on 
SMNs. One type has oval-to-round vesicles filling the 
terminal, occasional dense core vesicles, and a markedly 
asymmetric synapse. This terminal type is small, 0.5-1 µm. 
Some of them may be serotoninergic (Thompson and 
Thompson, 1998, Brain Res. 787:175-178). Another 
terminal type has round vesicles clustered near the 
asymmetric synapse. This type is larger, e.g., abutting the 
SMN along 10 µm of proximal dendrite and 1.75 µm at its 
widest. It makes intermittent contacts with the SMN 
separated by small (less than 1 µm) discontinuities 
including minute glial processes. This type of terminal may 
be from globular bushy cells of the cochlear nucleus 
(Smith, P. H. et al., 1991, J. Comp. Neurol. 304:387-407). 
Surprisingly few synapses from these large terminals may 
explain the high threshold of the stapedius reflex driven by 
an otherwise low-threshold source. Other terminals include 
small ones with pleomorphic vesicles and symmetric active 
zones, a terminal with large, round vesicles and a 
subsynaptic (?) cistern rather than a flocculent post-
synaptic density, and a terminal with round vesicles of bi-
modal sizes. A diversity of terminal types suggests a 
relatively large amount of synaptic integration in SMNs.  
Supported by: NIDCD RO1 DC01089 and KO8 DC06285 
 
 600  Gene Expression in the Cochlear 
Nucleus: Microarray Analysis of Multipolar 
and Spherical Bushy Cells Isolated by Laser 
Capture Microscopy 
David Friedland1, Rebecca Eernisse1, Nicole Lenihan2, 
John Doucet2
1Medical College of Wisconsin, 2Johns Hopkins University 
The cochlear nucleus is the only central nervous system 
region receiving direct input from the auditory nerve.  
Primary auditory signals are processed within the cochlear 
nucleus and relayed to higher auditory centers for 
interpretation of sound location, pitch and intensity.  
Distinct processing tasks are addressed by specific types 
of neurons such as spherical and globular bushy cells, 
multipolar cells, octopus cells and several classes of 
neurons in the dorsal cochlear nucleus.  While 
electrophysiological and morphological studies have 
helped to define some of the features sub-serving the 
unique response properties of these cells, the genetic 
determinants of these phenotypes have not been 
delineated.  We performed microarray analysis on RNA 
extracted from spherical bushy and multipolar cells within 
the rat ventral cochlear nucleus.  Multipolar cell bodies 
were retrogradely labeled with BDA conjugated Alexa-488 
by stereotactic injection of tracer into the inferior colliculus.  
Spherical bushy cells were labeled by Nissl stain and 
selected from the rostral most portion of the AVCN based 

ARO Abstracts                                             206  Volume 30, 2007 

ljs2
Highlight



Association for Research in Otolaryngology

Executive Offices
19 Mantua Road

Mt. Royal, NJ 08061

Phone: (856) 423-0041                   Fax: (856) 423-3420
E-mail: headquarters@aro.org             Website: www.aro.org

ABSTRACTS OF THE THIRTIETH ANNUAL

MIDWINTER RESEARCH MEETING

ASSOCIATION FOR RESEARCH  
IN OTOLARYNGOLOGY 

February 10-15, 2007

The Hyatt Regency Denver

Denver, Colorado, USA

FOUNDED IN 1973

  FOR RESEA
R

C
H

  
 

 

 
  

 

 
 

   
  A

SS
O

CIA
TIO

N  
  

IN OTOLARYNGOLOGY  

T
H

IR
T

IE
T

H
 A

R
O

 M
id

W
in

te
r M

e
e

tin
g

      2
0

0
7



 
 
 
 
 
 

ABSTRACTS OF THE THIRTIETH ANNUAL 

MIDWINTER RESEARCH MEETING 

OF THE  
 
 
 
 
 

Association for  

Research in 

Otolaryngology 
 

 
 

February 10-15, 2007 
 

 Denver, Colorado, USA 
 
 

 

Peter A. Santi, Ph.D. 
Editor 

 
 

Association for Research in Otolaryngology 
19 Mantua Road, Mt. Royal, NJ  08061 USA 

ARO Abstracts  Volume 30, 2007 



CONFERENCE OBJECTIVES 
After attending the Scientific Meeting participants should be 
better able to: 
1. Understand current concepts of the function of normal and 

diseased ears and other head and neck structures. 
2. Understand current controversies in research methods and 

findings that bear on this understanding. 
3. Understand what are considered to be the key research 

questions and promising areas of research in otolaryngology. 
 
ISSN-0742-3152 
 
The Abstracts of the Association for Research in Otolaryngology is 
published annually and consists of abstracts presented at the 
Annual MidWinter Research Meeting.  A limited number of copies 
of this CD and previous books of abstracts (1978-2006) are 
available. 
 

Please address your order or inquiry to: 
Association for Research in Otolaryngology 

19 Mantua Road 
Mt. Royal, NJ   08061 USA 

 
General Inquiry 

Phone (856) 423-0041 Fax (856) 423-3420 
E-Mail: headquarters@aro.org

 
Meetings 

E-Mail: meetings@aro.org 
 
This book was prepared from abstracts that were entered 
electronically by the authors.  Authors submitted abstracts over the 
World Wide Web using Mira Digital Publishing's PaperCutterTM 
Online Abstract Management System.  Any mistakes in spelling 
and grammar in the abstracts are the responsibility of the authors.  
The Program Committee performed the difficult task of reviewing 
and organizing the abstracts into sessions.  The Program 
Committee Chair, Dr. John Middlebrooks and the President,  
Dr. Robert V. Shannon constructed the final program.  Mira 
electronically scheduled the abstracts and prepared Adobe Acrobat 
pdf files of the Program and Abstract Books.  These abstracts and 
previous years’ abstracts are available at: http://www.aro.org. 
 
Citation of these abstracts in publications should be as follows:  
Authors, year, title, Assoc. Res. Otolaryngol. Abs.:  page 
number. 
 
For Example: 
Young, Eric, 2007, Circuits and Signal Representations in the 
Auditory System, Assoc. Res. Otolaryngol. Abs.: 687. 

 
 

 
 
 
 
 

 ARO Abstracts ii Volume 30, 2007 
 

General Chair 
Robert V. Shannon, PhD (2006-2007) 

 
Program Organizing Committee 

John C. Middlebrooks, PhD, Chair (2005-2008) 
John P. Carey, MD (2004-2007) 

David P. Corey, PhD (2006-2009) 
J. David Dickman, PhD (2005-2008) 

Robert Frisina, PhD (2006-2009) 
Andrew K. Groves, PhD (2004-2007) 

Leonard Kitzes, PhD (2004-2007) 
Sharon G. Kujawa, PhD (2005-2008) 
Sandra McFadden, PhD (2006-2009) 

Joseph R. Santos-Sacchi, PhD (2004-2007) 
Karen Steel, PhD (2004-2007) 

Xiaoqin Wang, PhD (2005-2008) 
Tom C.T. Yin, PhD (2005-2008) 

John C. Middlebrooks, PhD, Council Liaison (2006-2007) 
 

Program Publications 
Peter A. Santi, PhD, Editor (2000-2009) 

 
Animal Research 

Jo Ann D. McGee, PhD, Chair (2001-2007) 
Michael Church, PhD (2003-2007) 
Elisabeth Glowatzki (2005-2008) 

Michael Anne Gratton, PhD (2006-2009) 
Cornelis Jan Kros, MD, PhD (2006-2009) 

Charles A. Miller, PhD (2006-2009) 
Paul Popper, PhD (2005-2008) 

Edward J. Walsh, PhD (2006-2009) 
 

Award of Merit Committee 
Donata Oertel, PhD, Chair (2006-2009) 

Ruth Anne Eatock, PhD (2004-2007) 
Robert A. Dobie, MD (2006-2009) 

Broyna J. B. Keats, PhD (2004-2007) 
Alan R. Palmer, PhD (2004-2007) 

William S. Rhode, PhD (2005-2008) 
Murray B. Sachs, PhD (2005-2008) 

Historian David J. Lim, MD, Council Liaison (2006-2007) 
 

Diversity & Minority Affairs 
Vishakha W. Rawool, PhD, Chair (2006-2007) 

Henry J. Adler, PhD (2003-2007) 
David Z.Z. He, MD, PhD (2006-2009) 

Lina A. Reiss, PhD (2006-2009) 
Barbara G. Shinn-Cunningham, PhD (2006-2009) 

Duane Simmons, PhD (2003-2007) 
Ebenezer Nketia Yamoah, PhD (2006-2009) 

Douglas A. Cotanche, PhD, Council Liaison (2006-2007) 
 

Editor Advisory 
Peter A. Santi, PhD, Chair (2000-2009) 

Gerald Popelka, PhD, Past Editor 
John C. Middlebrooks, PhD, Program Committee Chair 

Darla M. Dobson, Executive Director 
 

Education Committee 
Alan G. Micco, MD Chair (2005-2008) 

Ann Eddins, PhD, Co-Chair (2006-2009) 
David J. Brown, MD (2005-2008) 

David M. Harris, PhD (2006-2009) 
Timothy E. Hullar, MD (2005-2008) 

Neil Segil, PhD (2006-2009) 
Robert Wickesberg, PhD (2003-2007) 

John C. Middlebrooks, PhD, Council Liaison (2006-2007) 
 
 
 
 



 ARO Abstracts iii Volume 30, 2007 

Government Relations Committee 
Ilsa R. Schwartz, PhD, Chair (2003-2007) 

Marian J. Drescher, PhD (2006-2009) 
Gay R. Holstein, PhD (2005-2008) 
Walt Jesteadt, PhD (2006-2009) 

Richard T. Miyamoto, MD (2005-2008) 
Jay T. Rubinstein, MD, PhD (2005-2008) 

Nigel K. Woolf, ScD (2006-2009) 
David J. Lim, MD, Council Liaison, ex officio (2006-2007) 

 
Graduate Student Travel Awards 

Douglas A. Cotanche, PhD, Chair (2002-2007) 
Paul J. Abbas, PhD (2006-2009) 
Deniz Baskent, PhD (2006-2009) 
Janet L. Cyr, PhD (2006-2009) 
Suhua Sha , MD (2006-2009) 

Douglas A. Cotanche, PhD, Council Liaison (2006-2007) 
 

International Committee 
Karen B. Avraham, PhD Chair (2005-2008) 

Lin Chen, PhD, China (2006-2009) 
Chunfu Dai, MD, PhD, China (2005-2008) 

Bernhard Gaese, PhD, Germany, (2005-2008) 
Timo Petteri Hirvonen, MD, PhD, Finland (2005-2008) 

Philip X. Joris, MD, PhD, Belgium (2006-2009) 
Glenis R. Long, PhD, USA (2006-2009) 

David McAlpine, United Kingdom (2006-2009) 
HongJu Park, MD, Korea (2005-2008) 
Nicolas Perez, MD, Spain (2005-2008) 

Hiroshi Wada, PhD, Japan (2004-2007) 
Shu Hui Wu, MD, Canada (2005-2008) 

Karen B. Avraham, PhD, Council Liaison (2006-2007) 
 

JARO Editorial Board 
Ruth Anne Eatock, PhD, Editor-in-Chief (2011) 

J. David Dickman, PhD (2009) 
Paul A. Fuchs, PhD (2009) 

Matthew C. Holley, PhD (2007) 
Gary D. Housley, PhD (2007) 

Marci M. Lesperance, MD (2009) 
Paul B. Manis, PhD (2009) 

Teresa A. Nicolson, PhD (2009) 
Andrew J. Oxenham, PhD (2009) 

Jay T. Rubinstein, Md, PhD (2007) 
Mario A. Ruggero, PhD (2007) 

Alec N. Salt, PhD (2009) 
Terry T. Takahashi, PhD (2009) 

Tom C. T. Yin, PhD (2007) 
Fan-Gang Zeng, PhD (2009) 

 
JARO (Publications Committee) 

Gerald R. Popelka, PhD, Co-Chair (2004-2007) 
Arthur N. Popper, PhD, Co-Chair (2004-2007) 

Monita Chatterjee, PhD (2006-2009) 
Richard A. Chole, MD, PhD (2005-2008) 

Charley C. Della Santina, MD, PhD (2004-2007) 
Richard R. Fay, PhD (2004-2007) 

Donna M. Fekete, PhD (2006-2009) 
Keiko Hirose, MD (2004-2007) 

Marlies Knipper, PhD (2004-2007) 
Christine Koeppl (2006-2009) 

Jian-Dong Li, MD, PhD (2005-2008) 
John Oghalai, MD (2004-2007) 

Edwin W. Rubel, PhD (2004-2007) 
Debara L. Tucci, MD (2006-2009) 

Ebenezer Nketia Yamoah, PhD (2004-2007) 
Ruth Anne Eatock, PhD, JARO Editor, ex officio 

Jasmine Ben-Zvi, Springer Representative, ex officio 
Peter A. Santi, PhD (2006-2007), Council Liaison 

 
 
 
 
 
 

 

Long Range Planning Committee 
Robin L. Davis, PhD Chair (2005-2008) 

Barbara Canlon, PhD (2005-2008) 
Judy R. Dubno, PhD (2004-2007) 
Paul A. Fuchs, PhD (2005-2008) 

Steven H. Green, PhD (2005-2008) 
Manuel S. Malmierca, MD, (2006-2009) 

J. Christopher Post, MD, PhD (2005-2008) 
Yehoash Raphael, PhD (2006-2009) 

Dan H. Sanes, PhD (2005-2008) 
Donna S. Whitlon, PhD (2006-2009) 
Amy Donahue, PhD - NIDCD Rep. 

P. Ashley Wackym, MD Council Liaison (2006-2007) 
Karen B. Avraham, PhD, Chair, International Cmte (2005-2008) 

 
Media Relations 

Lawrence R. Lustig, MD, Chair (2005-2008) 
Ben Bonham, PhD (2006-2009) 
Judy Dubno, PhD (2003-2007) 
Anil Lalwani, MD (2003-2007) 
Daniel J. Lee, MD (2005-2008) 

Susan E. Shore, PhD (2003-2007) 
Ana Elena Vazquez, PhD (2006-2009) 
Edward J. Walsh, PhD (2003-2007) 

John Williams, Ex officio AAO-HNS Dir. Congr Rel 
Steven Rauch, MD, Council Liaison (2005-2007) 

 
Membership Committee 

Karen Jo Doyle, Chair (2006-2009) 
Paul Abbas, PhD (2003-2007) 
Jennifer J. Lister (2006-2009) 
Diana Lurie, PhD (2003-2007) 

Virginia M. Richards, PhD (2006-2009) 
Tatsuya Yamasoba, MD, PhD (2006-2009) 

 
Nominating Committee 

Lloyd B. Minor, MD, Chair (2006-2007) 
Jay M. Goldberg, PhD, (2006-2007) 

Donata Oertel, PhD (2006-2007) 
Donna S. Whitlon, PhD (2006-2007) 

Eric D. Young, PhD (2006-2007) 
 

Patient Advocacy Group Relations 
Charles J. Limb, MD, Chair (2006-2009) 

Helen Cohen, EdD (2003-2007) 
Sandra Gordon-Salant, PhD (2006-2009) 

Kim Gottshall, PhD (2003-2007) 
Margaret Kenna, MD (2003-2007) 
J. Tilak Ratnanather (2005-2008) 
Peter S. Steyger, PhD (2006-2009) 

Susan L. Whitney, PhD, PT (2006-2009) 
Steven Rauch, MD, Council Liaison (2006-2007) 

 
Physician Research Training 

David R. Friedland, MD, PhD, Chair (2005-2008) 
Marc Coltrera, MD (2003-2007) 
Diane Durham, PhD (2003-2007) 

Timothy E. Hullar, PhD (2006-2009) 
Charles J. Limb, MD (2006-2009) 

Saumil N. Merchant, MD (2005-2008) 
Yael Raz (2005-2008) 

Claus-Peter Richter, MD, PhD (2005-2008) 
James F. Battey, MD, PhD, NIDCD Director ex-officio 

Maureen Hannley, PhD, Exec VP Rsch, ex-officio 
P. Ashley Wackym, MD, Council Liaison (2006-2007) 

 
Research Forum Co-Chairs 

John S. Oghalai, MD (2005-2008) 
J. Christopher Post, MD (2004-2007) 

 



President's Message 
 
 Welcome to the mile high city of Denver, Colorado 
for the 30th Annual MidWinter Meeting of the Association 
for Research in Otolaryngology.  This is the first time 
we’ve been landlocked for the February meeting; we’ve 
moved from the west coast to the east coast of Florida, from 
the Mississippi delta to Chesapeake Bay. Hopefully, Denver 
won’t be as cold as Baltimore was last year. Denver is a 
pleasant city with easy access to winter sports activities 
(hopefully, snowboarding and ski-lodge related injuries will 
be minimal).  The Hyatt Hotel is an excellent facility: it is 
less that one year old with terrific meeting space and great 
views of the city and mountains. Be sure to visit the many shops and restaurants in the 
LODO district (LOwer DOwntown) and Larimer Square, as well as the new, Daniel 
Libeskind designed wing of the Denver Art Museum, all within walking distance of the 
hotel.  

 

 
   Thanks to the good response from our members, we have scheduled many 
interesting and innovative symposia, including: Neurobiology of Vocal 
Communication: Beyond Acoustic Features, Specification of the Auditory and Vestibular 
Hindbrain, Wnt Signaling Pathways and Inner Ear Development, Spatial and Binaural 
Hearing: Perception and Physiology, Beyond Cochlear Implants: Functional Stimulation 
and Recording in the Auditory Nervous System, and Ion Transport in the Stria 
Vascularis: Modeling and Experiment.  The short course presented Saturday evening will 
be Translational Research in Otolaryngology.  The presidential symposium on Sunday 
morning is titled: Ear and Brain: Hearing beyond the Cochlea.   

The ARO continues to search for a new meeting venue that will maintain the 
excellent scientific and social experience of meetings past.  Under the constraints of the 
present economy, the ARO Council and Management Team are working hard to find 
affordable venues in attractive locations. You may not be aware of the behind-the-scene 
efforts needed to arrange the MidWinter meeting and run the organization, but thanks are 
certainly due to the ARO council and to the Talley Management Group for their excellent 
work in organizing the Denver meeting.  In particular, we applaud the hard work of John 
Middlebrooks (serving double duty as Council member and Program Organizing 
Committee Chair) and Lisa Astorga (Meeting Coordinator). 

 This year we have been able to continue to offer travel awards to research 
trainees, thanks to generous donations from the AAO, DRF, and AAA/AAAF.  These 
funds allow for an important function of the MidWinter meeting: introducing young 
people to the network of scientists and researchers of the ARO. Young researchers are 
vital to the health of the organization, as “new blood” invigorates both the scientific and 
social interactions made possible by the meeting. I vividly remember (well, maybe not 
vividly) my first scientific meeting and the impact it had on my career (of which the 
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tequila-fueled barn-burners were no small part).  We welcome all new attendees and look 
forward to their ongoing participation in the ARO. 

 
Speaking of “young” researchers, Eric Young has been selected to receive the Award of 
Merit this year.  The title of Eric's Presidential Lecture will be Circuits and Signal 
Representations in the Auditory System.  Many former students and colleagues will 
participate in this tribute to Eric and his great influence on auditory neuroscience. 
 
 Ruth Anne Eatock has assumed editorship of the JARO, while simultaneously 
moving to a new institution (she is now at the Eaton-Peabody laboratory and the 
Department of Otology and Laryngology, Harvard Medical School).  Anyone who has 
ever relocated their research lab knows the extra effort required to establish yourself in a 
new institution. The fact that Ruth Anne has also taken on the JARO editorship deserves 
our admiration for her commitment to public service. 
  
 I expect we will have another fun and productive MidWinter meeting. Attendance 
and membership in the ARO has remained strong over recent years, despite the 
difficulties associated with venue changes. The number of registrants and submitted 
abstracts has been stable over the last 5 years. As the MidWinter Meeting moves to new 
locations in the future, members remain strongly committed to the meeting and to the 
organization.  It's clear that the ARO is much more than an organization - it’s a true 
community of science. I feel fortunate and look forward to “brainstorming” with 
colleagues, meeting new people, and relaxing with old friends in Denver.   
 
Bob Shannon 
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Eric D. Young, PhD 
2007 Award of Merit Recipient 
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