
The financial resources of individual members alone cannot sustain the Association's pursuit of its broad in-
ternational goals and objectives. Our 93-year history is documented by innumerable medical contributions
toward flying health and safety that have become daily expectations by the world's entire flying popula-
tion—commercial, military, and private aviation.  Support from private and industrial sources is essential.
AsMA has implemented a tiered Corporate Membership structure to better serve our corporate members.
Those tiers are shown below for the following organizations, who share the Association's objectives or have
benefited from its past or current activities, and have affirmed their support of the Association through
Corporate Membership. As always, AsMA deeply appreciates your membership, sponsorship, and support.

For information on becoming a Corporate Member, please check out our website:
https://www.asma.org/for-corporations, or contact our Membership Department at 703-739-2240, x107.
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EDITOR-IN-CHIEF
FREDERICK BONATO, PH.D.
E-mail: amhpjournal@asma.org

ASSISTANT TO THE EDITOR
DEBRA SVENTEK, B.S.
Office: (703) 739-2240, x103
E-mail: amhpjournal@asma.org

MANAGING EDITOR
PAMELA C. DAY, B.A.
Office: (703) 739-2240, ext. 101
E-mail: pday@asma.org

ASSISTANT MANAGING EDITOR AND
SUBSCRIPTIONS MANAGER
RACHELTRIGG, B.A.
Office: (703) 739-2240, ext. 102
E-mail: rtrigg@asma.org

EDITORIAL OFFICE
320 S. Henry St.
Alexandria, VA 22314-3579

ASSOCIATE EDITORS
Clinical Aerospace Medicine:
Jan Stepanek,M.D., M.P.H.

Space Medicine:
Michael R. Barratt, M.D.

Case Reports
, M.D., M.P.H.

EDITORIAL BOARD
Michael Bagshaw, M.B.,Ch.B.
Rebecca Blue, M.D., M.P.H.
Jay C. Buckey, M.D.
Bob Cheung, Ph.D.
Malcolm Cohen, Ph.D.
Victor A. Convertino, Ph.D.
Mitchell A. Garber, M.D., M.S.M.E.
David Gradwell, Ph.D., M.B.,B.S.
Raymond E. King, Psy.D., J.D.
David Newman, M.B.,B.S., Ph.D.
Ries Simons, M.D.
James M. Vanderploeg, M.D., M.P.H.
DougalWatson, M.B.,B.S

AEROSPACE MEDICAL ASSOCIATION is an organization devoted to charitable, educational,
and scientific purposes. The Association was foundedwhen the rapid expansion of aviation
made evident the need for physicians with specialized knowledge of the flight environment.
Since then, physicians have been joined in this Association by professionals frommany fields
and frommany countries, all linked by a common interest in the health and safety of those
who venture into challenging environments.

AEROSPACE MEDICINE AND HUMAN PERFORMANCE, formerly Aviation, Space, and
Environmental Medicine, is publishedmonthly by the AerospaceMedical Association, a
non-profit charitable, educational, and scientific organization of physicians, physiologists,
psychologists, nurses, human factors and human performance specialists, engineers, and
others working to solve the problems of human existence in threatening environments on or
beneath the Earth or the sea, in the air, or in outer space. The original scientific articles in this
journal provide the latest available information on investigations into such areas as changes in
ambient pressure, motion sickness, increased or decreased gravitational forces, thermal
stresses, vision, fatigue, circadian rhythms, psychological stress, artificial environments,
predictors of success, healthmaintenance, human factors engineering, clinical care, and
others. This journal also publishes notes on scientific news and technical items of interest to
the general reader, and provides teachingmaterial and reviews for health care professionals.

MEMBERSHIP—The AerospaceMedical Association welcomesmembers interested in
aerospacemedicine and human performance. Membership applications may be obtained
online at www.asma.org or from the AerospaceMedical Association‘s headquarters at 320
S. Henry Street, Alexandria, VA 22314, or phone theMembership Department at (703) 739-2240;
gcarter@asma.org or skildall@asma.org.

SUBSCRIPTIONS—Aerospace Medicine and Human Performance is provided to all members
of the AerospaceMedical Association (in print, online, or both). Subscriptions and changes
of address should be sent to the Subscription Department, Aerospace Medicine and Human
Performance, 320 S. Henry Street, Alexandria, VA 22314, at least 90 days in advance of change.
Institutional Subscription Rates (including online version; other options available): U.S.-$330,
Canada-$345, Other countries-$380 (includes air delivery); Agent Disc. $20. Individual
Subscription Rates (Print and Online): U.S.-$270, Canada-$300, Other countries-$320 (includes
air delivery). Single copies and back issues: $30+P/H ($7.50 U.S./ $25 International Air). NOTE
TO INTERNATIONAL SUBSCRIBERS: Please add $50 for bank handling charges on checks not
drawn on U.S. banks.

Aerospace Medicine and Human Performance [ISSN 2375-6314 (print); ISSN 2375-6322 (online)], is published
monthly by the Aerospace Medical Association, 320 S. Henry St., Alexandria, VA 22314-3579. Periodicals postage
paid at Alexandria, VA, and at additional mailing offices. POST-MASTER: Send address changes to Aerospace
Medicine and Human Performance 320 S Henry St., Alexandria, VA 22314-3579. Phone (703) 739-2240. Printed in
U.S.A. CPC Int’l Pub Mail #0551775.

The journal Aerospace Medicine and Human Performance does not hold itself responsible for statements made
by any contributor. Statements or opinions expressed in the Journal reflect the views of the authors(s) and not
the official policy of the Aerospace Medical Association, unless expressly stated. While advertising material is
expected to conform to ethical standards, acceptance does not imply endorsement by the Journal. Material
printed in the Journal is covered by copyright. No copyright is claimed to any work of the U.S. government. No
part of this publication may be reproduced or transmitted in any form without written permission.

2021 VOLUME 92 NUMBER 9 [ISSN 2375-6314 (print); ISSN 2375-6322 (online)]

Cheryl Lowry

ADVERTISING—Contracts, Insertion Orders, and Ad Materials (except Inserts): Aerospace 
Medicine and Human Performance, c/o Kris Herlitz, The Herlitz Group, 777 Westchester Ave., 
Ste. 101, White Plains, NY 10604; M: 914-424-4247; kris@herlitz.com. Copy deadline: 10th 
of second month before date of issue. Inserts: Aerospace Medicine and Human Performance, 
KnowledgeWorks Global, Ltd., 450 Fame Ave., Hanover, PA 17331.

SEPTEMBER

Aerospace Medicine and 
Human Performance
JANUARY 2021  VOLUME 92 NUMBER 1 [ISSN 2375-6314 (print); ISSN 2375-6322 (online)]

This journal, representing the members of the Aerospace Medical Association, is published for those interested in aerospace 
medicine and human performance. It is devoted to serving and supporting all who explore, travel, work, or live in hazardous 
environments ranging from beneath the sea to the outermost reaches of space.

EDITOR-IN-CHIEF
FREDERICK BONATO, PH.D.
E-mail: amhpjournal@asma.org

ASSISTANT TO THE EDITOR
DEBRA SVENTEK, B.S.
Offi  ce: (703) 739-2240, x103
E-mail: amhpjournal@asma.org

MANAGING EDITOR
PAMELA C. DAY, B.A.
Offi  ce: (703) 739-2240, ext. 101
E-mail: pday@asma.org

ASSISTANT MANAGING EDITOR AND 
SUBSCRIPTIONS MANAGER
RACHEL TRIGG, B.A.
Offi  ce: (703) 739-2240, ext. 102
E-mail: rtrigg@asma.org

EDITORIAL OFFICE
320 S. Henry St.
Alexandria, VA 22314-3579

ASSOCIATE EDITORS
Clinical Aerospace Medicine:
Jan Stepanek, M.D., M.P.H.

Space Medicine:
Michael R. Barratt, M.D.

Case Reports
Rebecca Blue, M.D., M.P.H.

EDITORIAL BOARD
Michael Bagshaw, M.B.,Ch.B.
Andrew H. Bellenkes, Ph.D.
Eilis A. Boudreau, M.D., Ph.D.
Jay C. Buckey, M.D.
Bob Cheung, Ph.D.
Malcolm Cohen, Ph.D.
Victor A. Convertino, Ph.D.
Mitchell A. Garber, M.D., M.S.M.E.
David Gradwell, Ph.D., M.B.,B.S.
Raymond E. King, Psy.D., J.D.
Matthew E. Lewis, M.D.
David Newman, M.B.,B.S., Ph.D.
Ries Simons, M.D.
James M. Vanderploeg, M.D., M.P.H.
Dougal Watson, M.B.,B.S

AEROSPACE MEDICAL ASSOCIATION is an organization devoted to charitable, educational, 
and scientifi c purposes. The Association was founded when the rapid expansion of aviation 
made evident the need for physicians with specialized knowledge of the fl ight environment. 
Since then, physicians have been joined in this Association by professionals from many fi elds 
and from many countries, all linked by a common interest in the health and safety of those 
who venture into challenging environments.

AEROSPACE MEDICINE AND HUMAN PERFORMANCE, formerly Aviation, Space, and 
Environmental Medicine, is published monthly by the Aerospace Medical Association, a 
non-profi t charitable, educational, and scientifi c organization of physicians, physiologists, 
psychologists, nurses, human factors and human performance specialists, engineers, and 
others working to solve the problems of human existence in threatening environments on or 
beneath the Earth or the sea, in the air, or in outer space. The original scientifi c articles in this 
journal provide the latest available information on investigations into such areas as changes in 
ambient pressure, motion sickness, increased or decreased gravitational forces, thermal 
stresses, vision, fatigue, circadian rhythms, psychological stress, artifi cial environments, 
predictors of success, health maintenance, human factors engineering, clinical care, and 
others. This journal also publishes notes on scientifi c news and technical items of interest to 
the general reader, and provides teaching material and reviews for health care professionals.

MEMBERSHIP—The Aerospace Medical Association welcomes members interested in 
aerospace medicine and human performance. Membership applications may be obtained 
online at www.asma.org or from the Aerospace Medical Association‘s headquarters at 320 
S. Henry Street, Alexandria, VA 22314, or phone the Membership Department at (703) 739-2240; 
gcarter@asma.org or skildall@asma.org.

SUBSCRIPTIONS—Aerospace Medicine and Human Performance is provided to all members 
of the Aerospace Medical Association (in print, online, or both). Subscriptions and changes 
of address should be sent to the Subscription Department, Aerospace Medicine and Human 
Performance, 320 S. Henry Street, Alexandria, VA 22314, at least 90 days in advance of change. 
Institutional Subscription Rates (including online version; other options available): U.S.-$330, 
Canada-$345, Other countries-$380 (includes air delivery); Agent Disc. $20. Individual 
Subscription Rates (Print and Online): U.S.-$270, Canada-$300, Other countries-$320 (includes 
air delivery). Single copies and back issues: $30+P/H ($7.50 U.S./ $25 International Air). NOTE 
TO INTERNATIONAL SUBSCRIBERS: Please add $50 for bank handling charges on checks not 
drawn on U.S. banks.

ADVERTISING—Contracts, Insertion Orders, and Ad Materials (except Inserts): Aerospace 
Medicine and Human Performance, c/o Kris Herlitz, AIM Group International Inc., 2 Park Ave., 
Fl 20, New York, NY 10016-9301; M: 914-424-4247; K.Herlitz@aimgroupinternational.com; 
www.aimgroupinternational.com. Copy deadline: 10th of second month before date of issue. 
Inserts: Aerospace Medicine and Human Performance, c/o The Sheridan Press, 450 Fame Ave., 
Hanover, PA 17331.

Aerospace Medicine and Human Performance [ISSN 2375-6314 (print); ISSN 2375-6322 (online)], is published 
monthly by the Aerospace Medical Association, 320 S. Henry St., Alexandria, VA 22314-3579. Periodicals postage 
paid at Alexandria, VA, and at additional mailing offi  ces. POST-MASTER: Send address changes to Aerospace 
Medicine and Human Performance 320 S Henry St., Alexandria, VA 22314-3579. Phone (703) 739-2240. Printed in 
U.S.A. CPC Int’l Pub Mail #0551775.

The journal Aerospace Medicine and Human Performance does not hold itself responsible for statements made 
by any contributor. Statements or opinions expressed in the Journal refl ect the views of the authors(s) and not 
the offi  cial policy of the Aerospace Medical Association, unless expressly stated. While advertising material is 
expected to conform to ethical standards, acceptance does not imply endorsement by the Journal. Material 
printed in the Journal is covered by copyright. No copyright is claimed to any work of the U.S. government. No 
part of this publication may be reproduced or transmitted in any form without written permission.

        These notes are provided for the convenience of authors consider-
ing preparation of a manuscript.  Definitive information appears in the
INSTRUCTIONS FOR AUTHORS as published on the journal's web
site. Submissions that do not substantially conform to those instruc-
tions will be returned without review. We conform to the International
Committee of Medical Journal Editors (ICMJE) Recommendations for
the Conduct, Reporting, Editing and Publication of Scholarly Work in
Medical Journals.
JOURNAL MISSION AND SCOPE

Aerospace Medicine and Human Performance is published monthly
by the Aerospace Medical Association. The journal publishes original
articles that are subject to formal peer review as well as teaching mate-
rials for health care professionals. The editor will not ordinarily review
for publication work that is under consideration or has been accepted
or published by another journal except as an abstract or a brief preprint. 
TYPES OF PAPERS
         The five types of articles specified below should be submitted
through the web site and will undergo peer review.  Other submissions
including Letters to the Editor, Book Reviews, and teaching materials
should be submitted by e-mail to the Editorial Office.  Letters to the
Editor are limited to 500 words of discussion and/or criticism of scien-
tific papers that have appeared in the journal within the past year. If
your manuscript does not fit the parameters layed out below, an excep-
tion may be granted. Please contact the Editoiral Office to discuss your
submission.

Research Articles present the results of experimental or descriptive
studies with suitable statistical analysis of results.  They should contain
an Introduction, Methods, Results and Discussion with a statement of
conclusions.  Such manuscripts should not exceed 6000 words with
approximately 25 references.  

Review Articles are scholarly reviews of the literature on important
subjects within the scope of the journal.  Authors considering prepara-
tion of a review should contact the Editor to ascertain the suitability of
the topic. Reviews generally may not exceed 6000 words with up to 150
references, but longer reviews of exceptional quality will be considered. 

Case Reports and Case Series describe interesting or unusual clin-
ical cases or aeromedical events. They should include a short
Introduction to provide perspective, the Presentation of the Case, and
Discussion that includes reference to pertinent literature and/or review
of similar cases.  Such manuscripts should not exceed 3000 words with
approximately 12 references.

  Short Communications and Technical Notes describe new tech-
niques or devices or interesting findings that are not suitable for statis-
tical analysis. They should contain the same sections as a Research
Article but should not exceed 3000 words with approximately 12 refer-
ences.

Commentaries are brief essays that set forth opinion or perspective
on relevant topics.  Such manuscripts may not exceed 1000 words with
approximately 10 references without tables or figures. 
         We also accept Historical Notes, and Aerospace Medicine Clinic
(formerly You’re the Flight Surgeon) articles.
RULES FOR DETERMINING AUTHORSHIP

Each person designated as an author should have made substantial
intellectual contributions as specified in the Instructions for Authors.  
ETHICAL USE OF HUMAN SUBJECTS AND ANIMALS

The Aerospace Medical Association requires that authors adhere
to specific standards for protection of human subjects and humane care
and use of animals. The methods section of a manuscript must explicitly
state how these standards were implemented.  Details appear as speci-
fied in the Instructions for Authors.  

LANGUAGE, MEASUREMENTS AND ABBREVIATIONS
The language of the journal is standard American English. Authors

who are not perfectly fluent in the language should have the manuscript
edited by a native speaker of English before submission. Measurements
of length, weight, volume and pressure should be reported in metric 
units and temperatures in degrees Celsius. Abbreviations and acronyms
should be used only if they improve the clarity of the document. 
PREPARATION OF TABLES AND FIGURES

Tables and figures should be used strictly to advance the argument
of the paper and to assess its support. Authors should plan their tables
and figures to fit either one journal column (8.5 cm), 1.5 columns (12.5
cm), or the full width of the printed page (18 cm). Tables should be
assigned consecutive Roman numerals in the order of their first citation
in the text. Tables should not ordinarily occupy more than 20% of the
space in a journal article.  Figures (graphs, photographs and drawings)
should be assigned consecutive Arabic numerals in the order of their
first citation in the text.  Line drawings of equipment are preferable to
photographs. All graphics should be black & white: 1200 dpi for line art;
300 dpi for photos; 600 dpi for combination art. They must be sent elec-
tronically, preferably as high resolution TIFF or EPS files. See
Documents to Download online for further instructions. 
REFERENCE STYLE
         The style for references is the National Library of Medicine (NLM)
format, using name-sequence, i.e. alphabetical by author.
SELECTION AND FORMATTING OF REFERENCES

The Corresponding Author is responsible for providing complete,
accurate references so that a reader can locate the original material.
References must be formatted in a modified Vancouver style, and listed
alphabetically, numbered, then cited by number. An extensive set of
examples of different types of references can be found on the web site
under Documents to Download.  If electronic references are used, they
should be readily available to the reader.
MANUSCRIPT SUBMISSION (see details online)
Items for keystroke input:
         1) Title; 2) Authors; 3) Keywords; 4) Classifications.
Files for uploading: 
         1) Cover Letter/Explanation; 2) Manuscript; 3) Figures.
Items requiring signature to be sent by fax or e-mail:
         1) Cover letter with original signature; 2) Copyright release form;
3) Agreement to pay charges for figures (if more than four), color,
excessive tables and supplemental materials; 4) Permissions (if applica-
ble); FOR OPEN ACCESS ONLY: Licensing agreement and agree-
ment to pay Open Access Fee.
PUBLICATION PROCEDURES

Once the Editor has accepted a manuscript, the electronic source
files for text and figures (TIFF or EPS preferred) are forwarded to the
publisher, the Aerospace Medical Association, for conversion to print-
able format and final copy-editing.  Correspondence related to publica-
tion should be directed to the Managing Editor at the Association
Home Office: (703) 739-2240, X101; pday@asma.org.

When the paper is ready for publication, the printer places on its
web site a PDF file depicting the typeset manuscript. The Correspon-
ding Author will be notified by e-mail and is responsible for correcting
any errors and for responding to any "Author Queries" (Qs).  
EDITORIAL OFFICE
         Frederick Bonato, Ph.D., Editor-in-Chief
         c/o Aerospace Medical Association
         320 South Henry Street
         Alexandria, VA 22314-3579
         Phone: (703)739-2240, x103 Fax: (703) 739-9652
         E-mail: AMHPJournal@asma.org

Aerospace Medicine and Human Performance
INFORMATION FOR AUTHORS 

http: //editorialmanager.com/AMHP
Now Accepting Open Access Articles!
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Read Current News Online!

Ever Upward! The AsMA Online Newsletter is posted monthly:
http://www.asma.org/news-events/newsletters. 

Visit Us on Social Media!

Twitter: https://twitter.com/aero_med
Facebook: www.facebook.com/AerospaceMedicalAssociation
LinkedIn: https://www.linkedin.com/company/2718542?trk=tyah&
trkInfo=tarId:1404740611720,tas:Aerospace Medical,idx:1-1-1

Aerospace Medicine Physicians
Argent Technologies, LLC is seeking  Aerospace Medicine

Physicians to provide primary care to eligible members at 
Military Treatment Facilities nationwide.

Minimum Qualifications
Possesses a MD or DO degree from an approved school of

medicine or osteopathy
Board Certified or Board Eligible.  If not board certified, proof of

completion of a residency program
Minimum of 3 years of U.S.G. Operations, NASA or Military Flight

Surgeon experience
Possess current Basic Life Support (BLS)  
Possess a valid, full, active, unrestricted medical license in good

standing from any U.S. jurisdiction 
Possess current DEA registration.
Ability to complete favorable Credentialing and Security
Must have a minimum of 35 hours of direct patient care in the

past year.  In addition, the applicant must have a minimum of 3
years in the last 10 years of U.S.G. Operations, NASA or Military
Flight Surgeon experience 

Argent Technologies, LLC  is a Service Disabled Veteran Owned
Small Business (SDVOSB), specializing in the provision and man-
agement of highly trained professionals in the areas of Medicine,
Engineering and Logistics

We offer competitive pay and generous time off.

For details and to apply, please visit the company website at
www.argenttech.net or contact Dr. Romie Richardson: romie@ar-
genttech.net or Pamela Patton: pfp@argenttech.net

CLASSIFIED ADS
POSITIONS AVAILABLE

ATTENTION AsMA MEMBERS!

This August issue of Aerospace
Medicine and Human Performance is

the new digitally printed journal.
Check out the full-color Association

News section!

All Members have access to the ONLINE journal
as part of the Membership fee. In order to con-
tinue to receive a PRINT copy, ALL Membership
types (including Life Members) must purchase

a subscription.

To purchase a subscription, contact Sheryl Kildall: 
skildall@asma.org; 703-739-2240, x107.

The goal of this established UHMS course is to prepare physicians to examine professional, 
sport, research and other related public service divers, and determine their fitness to dive. 
 The course content follows the approved curriculum of the Diving Medical Advisory 
Committee, the European Diving Technology Committee and the European Committee 
of Hyperbaric Medicine in order to reflect a uniformly balanced and internationally 
recognized program of instruction and is approved by the Diving Medical Advisory
Committee and the European Diving Technology Committee (DMAC/EDTCmed) as a 
Level 1 - Medical Examiner of Divers course.

22–25 September 2022 • Omni Riverfront New Orleans

MEDICAL EXAMINER
OF DIVERS

www.courses-uhms.org/live-courses/medical-examiner-of-divers-2022.html?idU=2
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93rd AsMA Annual Scientific Meeting:
“Aerospace and the Next Generation“

Sheraton New Orleans Hotel, New Orleans, LA, USA                       
May 21 – 25, 2023

Call for Abstracts                                 Deadline: November 1, 2022
   No Exceptions!
The Aerospace Medical Association’s 2023 Annual Scientific
Meeting will be held in New Orleans, LA, USA. The theme for this
year’s Annual Scientific Meeting is “Aerospace and the Next
Generation.” With emerging technology and new entrants into
the aviation and space environment, it is now more important
than ever to encourage the next generation of young people to
consider entering career fields like aerospace medicine, engi-
neers, operators, pilots, mechanics, and air traffic controllers to
name a few.  To quote a staff member, “if a young person can’t
see it, they can’t be it.”  Many of our youth have no awareness of
the career opportunities in aerospace medicine.  We need to be
out in our schools and youth organizations telling our story.  In
addition, AsMA members will need to maintain a full awareness
and in many cases a working knowledge of the innovations so we
can better respond to needs of the aviation and space commu-
nity.  The future will require us to think differently as the airspace
system changes.
      The Annual Scientific Meeting is the premier international
forum to learn and discuss evolving trends and multidisciplinary
best practices in research, clinical applications, human perfor-
mance, and flight safety. The 93rd Annual Scientific Meeting wel-
comes abstracts in the many areas related to Aerospace
Medicine.  For a complete list see the box on p. 2 of this form.

ASMA ABSTRACT SUBMISSION PROCESS
LIMIT: 350 words/2500 characters including spaces; NO
Tables or Figures or References should be included in the ab-
stract.
All abstracts must be submitted via the  electronic submis-
sion system linked to the association's web site:
https://www.asma.org.

ATTENTION: You  MUST use personal email addresses when en-
tering your abstracts and those of your co-authors.

ABSTRACT TYPES AND CATEGORIES
The Annual Scientific Meeting highlights several types of presen-
tation formats.  Posters are on display for two full conference
days, each in its assigned space. Authors will be asked to present
their poster for a single designated 120-min period on one of
these days. PowerPoint presentations will be organized by topic
area and presented during 90-minute blocks of time, 6 periods of
15 minutes each. Individual PowerPoint presentations are lim-
ited to 15 minutes, including 3 to 5 minutes for questions and
discussion. Panels also have 90 minutes.: ideally 5 presentations
of 15 minutes each, followed by a 15-minute discussion period.
      There are four TYPES of submissions:
      1. Poster: Standalone Digital Poster presentation that will be
integrated into a session, grouped by topic. The presntation must
be submitted as a PowerPoint with up to 10 slides. Video and
audio clips can be embedded. They will be displayed digially.
      2. PowerPoint: Standalone 15-minute slide presentation with
questions/discussion that will be integrated into a session,
grouped by topic.
      3. Individual Invited Panel: Invited Presentation that will link
to support a Panel Overview containing five (non-case study) or

six (case study) abstracts presented as a cohesive whole.
      4. Individual Invited Workshop: Invited Presentation that
will link to and support a Workshop Overview.

CATEGORIES
There are two categories based on the topic to be presented.
Templates and examples (examples available on the submission
site) are provided for each type and will be available at the ab-
stract submission website. Authors will be required to enter ab-
stract text under the headings as described below.
      1. Original Research: Material that is original in nature and
has not been previously presented. Original analysis of a hypoth-
esis involving data collection and analysis.  Headings include
Introduction, Methods, Results and Discussion.
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P R E S I D E N T ' S  PA G E

Pace of Innovation
Susan Northrup, M.D., M.P.H., FAsMA

General Aviation is Back! By the time this is printed, I will have 
attended the Experimental Aircraft Association’s AirVenture 
for the second year in a row. For years, I had heard how large 
the event was and it really is! There is always something to 
do or see.

One significant thing I’ve seen this week dovetails very well 
with my goal of supporting STEM education for all students – 
EAA and their sponsors have significantly reduced the price  
of admission to students up to 18 years of age! As in, FREE!  
Further, there are lots of exhibits with STEM events for every age 
group from KidVenture to the exhibits scattered about the 
grounds. This week one of their summer camp events was aimed 
at girls in high school called GirlVenture. I was fortunate enough 
to stumble across a group of these young women last year over 
in Warbirds and chatted with them for several minutes (they had 
to listen to my pep talk on staying in school, doing well, and 
setting goals). Watching the wonder and awe on young people’s 
faces as they learn about aviation and then watch the airshow is 
positively heartwarming. EAA had set up simulators for inter-
ested young people to experience controlling an aircraft and it 
was one of the busiest tents. And, it had air conditioning. I got 
lots of ideas for future STEM efforts while there. I personally 
encourage each of you to get involved with your local schools, 
youth groups, and flight schools. We have to replace ourselves 
someday and we need these young people to get enthused.

I was also fortunate to attend 
an AbleFlight event and watched 
four people be awarded wings. 
AbleFlight sponsors individuals 
with physical challenges in pur-
suing flight training. Working 
with flight programs and modi-
fied flight decks, people who 
would not otherwise have the 
opportunity have slipped the 
surly bounds of Earth. How can 
we as aerospace medicine professionals expand this to get more 
people in our field? Do we need to switch from rules-based deci-
sion making to performance-based? What will it take to be more 
inclusive? I think we need to be open to opportunities at 
every turn.

On a personal note, last year I was fortunate to actually fly 
into Oshkosh in our Harvard Mk4 (think T-6 or SNJ but built in 
Canada). We had hoped to make the trip in our newly restored 
Stearman so I could personally land here. Maybe next year. For 
those of you who are pilots, it was an amazing experience and 
well worth the trip.

I hope to see many of you in Paris for ICAM. Fly safe!

Reprint and Copyright © by the Aerospace Medical Association, Alexandria, VA. 
DOI: https://doi.org/10.3357/AMHP.9308PP.2022
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Cognitive Style and Flight Experience Influence on 
Confirmation Bias in Lost Procedures
Quan Xu; Mengyun Wang; Hongwei Wang; Bo Liu; Xuqun You; Ming Ji

	 BACKGROUND:	A ccident analysis and empirical research have shown that the decision-making process of pilots after becoming lost 
is adversely affected by confirmation bias; this constitutes a serious threat to aviation safety. However, the underlying 
mechanism of confirmation bias in the context of lost procedures are still unclear.

	 METHODS:	T his study used scenario-based map-reading tasks to conduct two experiments to explore the mechanism of 
confirmation bias in the lost procedures. In Experiment 1, 34 undergraduate students and 28 flying cadets were enrolled 
in a formal experiment to examine the effects of verbal-imagery cognitive style, experience level, and their interaction 
on confirmation bias. In Experiment 2, we further explored the influence of strategy as a core component of experience 
on confirmation bias with 26 flying cadets.

	 RESULTS:	T he study found that individuals were subject to confirmation bias in lost procedures. Visualizers (M = 0.78, SD = 0.75) 
were almost twice as likely to select the disconfirmatory features than verbalizers (M = 0.37, SD = 0.49). Visualizers 
exhibited a lower degree of confirmation bias than verbalizers, and experience helps verbalizers to reduce their degree 
of confirmation bias. The protective effect of experience mainly lies in individuals’ choice of strategy.

	 DISCUSSION:	 Future aviation safety campaigns could be aimed at adopting a candidate selection process that focuses more on 
psychological attributes by testing for cognitive style, and enriching individual experience through adequate training. 
Such measures would reduce confirmation bias.

	 KEYWORDS:	 confirmation bias, aviation safety, individual differences, cognitive style, experience.

Xu Q, Wang M, Wang H, Liu B, You X, Ji M. Cognitive style and flight experience influence on confirmation bias in lost procedures. Aerosp Med 
Hum Perform. 2022; 93(8):618–626.

Poor decision-making by the pilot is considered to be an 
important cause of aviation accidents or incidents.17,19 
Accident investigation has revealed that 56.5% of acci-

dents are related to pilot errors in decision-making.1 Confirma-
tion bias—a tendency to seek out and interpret information in 
ways that conform to preexisting beliefs, expectations, or a 
hypothesis22—has been found to adversely affect the pilot’s 
decision-making process.16,20,32 This is particularly the case in 
the decision-making process after becoming lost, when the 
pilot incorrectly judges the current location of the aircraft due 
to the influence of confirmation bias; this constitutes a serious 
threat to aviation safety.6 Although research to date has cre-
atively applied confirmation bias to the aviation field and has 
proven the adverse effect of confirmation bias on the pilot’s 
decision-making, there is a lack of in-depth research on the 
psychological mechanism influencing pilot confirmation bias. 
Considering the serious consequences that may be caused by 

confirmation bias, further exploration of the underlying 
mechanism behind confirmation bias in the aviation context is 
conducive to targeted prevention and intervention that could 
reduce pilots’ decision-making errors.

Confirmation bias is a reflection of the limitations of human 
cognitive processing,9 which has been proven to be widespread 
in all fields of real life, including politics,36 medicine,25 and 
sports.18 Researchers have explored the cognitive mechanism of 
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confirmation bias in depth and suggested that confirmation bias 
is mainly derived from the heuristics that people use when pro-
cessing tasks.9,31 Specifically, when individuals face complex 
problems in the decision-making process, in order to ease cogni-
tive load, they will not carefully consider or comprehensively 
search for all available information, but will instead rely on cog-
nitive shortcuts or heuristics to make decisions faster.5 However, 
the use of heuristics may lead to confirmation bias and affect the 
accuracy of decision-making.31,32 In everyday situations, the con-
sequences of decision errors caused by confirmation bias may be 
relatively minimal. However, in a high-stakes industry, especially 
the aviation industry, the cost of making wrong decisions may be 
serious casualties and property losses.32 The decision-making 
process of pilots after becoming lost is a typical example.

When pilots get lost, flight safety can be threatened in a 
number of ways, including air collisions, intrusion into 
restricted airspace, and controlled flight into terrain (CFIT). In 
order to avoid the risk of being lost, pilots are taught to use a 
fixed lost procedure to help them judge current location.6 First, 
change the current course, fly in a circle, and maintain a safe 
altitude. Second, according to the initial flight plan, time, speed, 
and the last known location, guess the current approximate 
location and mark a circle at the corresponding location on the 
map, which is called the “circle of uncertainty”. Finally, search 
for ground features from the cockpit and compare them with 
the “circle of uncertainty” marked on the map to check whether 
the plane is currently in this theorized location. Actually, the 
“circle of uncertainty” marked on the map is the hypothesis, 
and the ground features observed from the cockpit are the  
evidence used to test it. The pilot needs to use the evidence to 
constantly check whether the hypothesis is correct. Thus, this is 
a hypothesis testing process that is susceptible to confirmation 
bias.35 Gilbey and Hill first explored confirmation bias in the 
lost procedures through three scenario-based map-reading 
tasks.6 In each scenario task, subjects must choose one of three 
ground features that they consider the most useful to determine 
whether the “circle of uncertainty” marked on the map is cor-
rect, as pilots would do when lost. It was discovered that the 
subjects more frequently chose evidence that was consistent 
with their hypothesis than evidence that indicated that their 
hypothesis might be wrong, which indicated that they are sus-
ceptible to the effect of confirmation bias.

Cognitive style refers to individual habits of information 
processing, which are specifically manifested in the preference 
in perceiving, organizing, and remembering information.3,26 
The cognitive style integration model groups various cognitive 
styles into wholist-analytic and verbalizer-imager dimen-
sions.26,27 The model describes verbal-imagery cognitive style 
as a preference for processing information by either verbal (the 
verbal cognitive style) or imagery (the imagery cognitive style) 
processes when performing cognitive tasks.12 Many studies 
have shown that the verbal-imagery cognitive style has an 
important influence on map or picture information processing, 
spatial navigation, and information searching behavior. A study 
examined the impact of cognitive styles on learning with texts 
and pictures, and showed that visualizers spend more time 

inspecting pictures than verbalizers, and the performance of 
visualizers was better than that of verbalizers when learning 
materials that combine texts and pictures.11 Pazzaglia and Moè 
investigated the effects of different cognitive styles on learning 
performance with two types of maps,24 and found that cogni-
tive style significantly predicts learning performance on maps; 
visualizers have better learning performance on maps with rich 
visual features. Moreover, researchers have also found that  
verbal-imagery cognitive style affects individuals’ performance  
at spatial navigation3 and information searching behavior.7 
Visualizers tended to search in a general area and then narrow 
down the search, while verbalizers tended to search in a narrow 
area and then broaden the search. Also, visualizers spent less 
time than verbalizers on completing these tasks.

Actually, in the decision-making process after becoming 
lost, pilots need to continuously represent or process map infor-
mation and spatial ground feature information.6 Thus, this 
decision-making process has specific attributes involving the 
processing of map or picture information and spatial informa-
tion. Therefore, intuitively, verbal-imagery cognitive style may 
play an important role in this decision-making process. 
Specifically, due to the difference in information processing 
preference, visualizers prefer to process map or picture infor-
mation and spatial information more than verbalizers,11,12 
which may better match the characteristics of the decision- 
making task in lost procedures. The cognitive style integration 
model suggests that when the cognitive style matches the char-
acteristics of the decision-making task, the subjective difficulty 
of the task for the individual will be reduced, thus reducing the 
cognitive load in the process of task execution.26,27 Therefore, 
visualizers may perceive lower task difficulty and cognitive load 
than verbalizers when performing the decision-making task in 
lost procedures. According to the cognitive mechanism of con-
firmation bias, the reduction of cognitive load is beneficial to 
reduce the individual’s reliance on cognitive shortcuts or heu-
ristics in the decision-making process, thereby reducing the 
degree of confirmation bias. Based on these arguments, it was 
expected that visualizers would exhibit a lower degree of confir-
mation bias than verbalizers in lost procedures.

Furthermore, some studies have explored the influence of 
individual experience on confirmation bias, but no consensus 
has been reached. On the one hand, studies have pointed out 
that the superior knowledge possessed by experienced individ-
uals enables them to quickly and effectively evaluate hypotheses 
and make correct decisions, while inexperienced individuals 
tend to grant too much weight to current hypotheses.2,4 For 
example, compared with experienced criminal investigators, 
college students who lack experience in handling cases are 
more likely to accept the hypothesis provided by the examiner 
to make judgments, showing stronger confirmation bias.2 Thus, 
the more experienced an individual is, the less likely they are to 
be affected by confirmation bias. On the other hand, some 
studies have found that individual experience cannot reduce 
the degree of confirmation bias, especially when faced with 
tasks with different attributes. Some research on confirmation 
bias in complex tasks has shown that experience not only 
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cannot help individuals avoid confirmation bias, but even leads 
to a higher degree of confirmation bias.10,25 In a study on atti-
tude change, a strong sophistication effect was found: the more 
experienced an individual was, the easier it was for them to 
defend their own attitude or opinion, showing a strong confir-
mation bias.29

It can be seen that the effect of experience on confirmation 
bias may be moderated by other factors, such as task difficulty 
or individual differences. Therefore, it is necessary to further 
explore the internal mechanism of the influence of experience 
on confirmation bias and analyze the potential moderating  
factors that may exist in it. For example, does the effect of  
experience on confirmation bias vary according to the different  
cognitive styles of individuals? In addition, a large number of 
studies have found that the differences between pilots with  
different experience are mainly manifested in their choice of 
strategy; in other words, strategy can be regarded as one of the 
main components of experience.15,28 Strategy usually refers to a 
plan or approach of doing something to achieve a specific goal.21 
Many studies have shown that different strategies adopted by 
individuals to complete tasks affect the decision-making process 
and decision-making performance.23,28 For example, based on 
experiments in a simulator, Schriver et al. found that different 
strategies affect the decision accuracy of pilots in fault diagno-
sis.28 Similarly, when pilots get lost, the strategies they use to 
reason about their location may affect the decision-making 
process and decision accuracy, and appropriate strategies may 
help pilots reduce confirmation bias in the decision-making 
process.

To sum up, there is little research that deeply explores the 
underlying mechanism of confirmation bias in the aviation 
context. The aim of this study was to examine the impact of 
cognitive style, experience, and strategy on confirmation bias in 
lost procedures. Based on the theoretical perspective of the cog-
nitive style integration model and the cognitive mechanism of 
confirmation bias, we made the following hypotheses. Visualizers 
may exhibit a lower degree of confirmation bias than verbalizers 
in lost procedures (Hypothesis 1). Experience may negatively 
affect confirmation bias in lost procedures, and this effect 
may be moderated by cognitive style (Hypothesis 2). Different 
strategies in the decision-making process may affect confirma-
tion bias in lost procedures (Hypothesis 3).

EXPERIMENT 1

Methods
Subjects.  A total of 62 subjects took part in the experiment, 
including 34 undergraduate students (Mage = 20.32, SDage = 
2.50) from Shaanxi Normal University, and 28 flying cadets 
(Mage = 20.68, SDage = 0.67) from the Air Force Aviation Univer-
sity of China. All subjects were men, right-handed, and reported 
normal or corrected-to-normal visual acuity. The experiment 
was conducted between late February and early March 2019. 
Undergraduate students were randomly recruited on campus 
by distributing experimental recruitment information, and 

flight cadets were contacted and recruited with the help of a 
flight instructor. Additionally, the collection of flying cadet data 
was jointly completed by a flight instructor and a graduate stu-
dent majoring in aviation psychology. To protect confidentially, 
only the age information of the flying cadets was collected. 
According to the flight instructor, all flying cadets participating 
in this experiment had at least 50 h of flying experience. Based 
on the effect size reported in the previous study (d = 0.69),6 the 
power analysis using G*Power 3.1 showed that a sample size of 
19 individuals was sufficient to achieve the power of 0.8, with 
alpha set at 0.05, two-tailed.

Furthermore, the subjects were preselected from a larger 
sample which consisted of 124 subjects (74 undergraduate stu-
dents and 50 flying cadets) who had completed the Chinese 
version of the verbal-imagery subset of the Cognitive Style 
Analysis test (CSA-VI). According to the standard of the 
Chinese version of the CSA-VI,13 subjects with a verbal-imagery 
ratio higher than or equal to 1.00 (imagery profile) and less 
than or equal to 0.86 (verbal profile) were invited to participate 
in the formal experiment. Finally, a total of 30 verbal subjects 
(17 undergraduate students and 13 flying cadets) and 32 imag-
ery subjects (17 undergraduate students and 15 flying cadets) 
were screened out. The verbal subjects had an average verbal- 
imagery ratio of 0.75 (SD = 0.08), and the imagery subjects had 
an average verbal-imagery ratio of 1.10 (SD = 0.09). The study 
protocol was approved by the ethics committee of Shaanxi 
Normal University.

Materials
Cognitive style analysis.  The Chinese version of the Cognitive 
Style Analysis test was revised by Li and Che on the basis of the 
original CSA test.13,26 The verbal-imagery subset (CSA-VI) is 
composed of 6 practices and 48 formal trials; each trial is a 
statement, half of which are concept classification items, such as 
“bookcases and chairs belong to one category”, while the other 
half are imagery classification items, such as “bananas are the 
same color as tomatoes”. Each type of statement contains half 
correct and half incorrect items. As shown in Fig. 1, after each 
statement was presented on the task interface, subjects were 
required to judge whether the statement was correct or not by 
pressing one of two designated keys on the keyboard (if the 
answer is “No”, press “B”; otherwise, press “N”), and subjects’ 
response times (RTs) on each item were recorded.

CSA-VI takes the ratio of the RTs of concept classification 
items to the RTs of imagery classification items as an index for 
classification into verbal or imagery cognitive style. It was 

Fig. 1.  Task interface and sample stimuli of CSA-VI.
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assumed that visualizers respond more quickly to imagery clas-
sification items because they are more likely to form color rep-
resentations of objects (e.g., the color of bananas and tomatoes), 
whereas verbalizers respond more quickly to concept classifica-
tion items that require verbal association between word mean-
ings (e.g., bookcases and chairs).26,27 Therefore, the low 
verbal-imagery ratio belongs to the verbal cognitive style, while 
the high ratio belongs to the imagery cognitive style. In the 
Chinese version of the CSA-VI,13 a ratio lower than or equal to 
0.86 indicates a verbal profile, whereas a ratio higher than or 
equal to 1.00 indicates an imagery profile, and a ratio between 
0.86 and 1.00 indicates a mixed profile.

Scenario-based map-reading tasks.  The investigation of con-
firmation bias in lost procedures in this experiment is based 
on the experimental paradigm of Gilbey and Hill,6 in which  
scenario-based map-reading tasks were used as experimental 
material. The original English version of this material was pro-
vided by Professor Gilbey, and then we translated the English 
description of each scenario into Chinese and made a small 
amount of revision to make it more suitable for Chinese subjects. 
The experimental task consists of three scenarios: motorcycle, 
yacht, and light aircraft. The three scenarios were similar in 
nature, but the superficial descriptions between the scenarios 
were different. To complete the task in each scenario, subjects 
were asked to imagine that they had lost their way and had an 
urgent need to reorient themselves (similar to the situation in 
which pilots get lost in flight). In each scenario task, subjects 
were provided with a text description of the scenario and a map 
describing the area of the scenario, with a compass rose on each 
map. The textual description of the scenario provided sufficient 
information to simulate people in a lost situation and to guide 
subjects to form a hypothesis about the possible location. For 
example, subjects imagined themselves as a passenger on a lost 
yacht whose captain had fallen overboard (yacht scenario), or 
imagined themselves on a cross-country flight in a light aircraft 
whose pilot was unsure of his location (light aircraft scenario).

As a necessary condition of the experimental design, the 
hypothetical location (the circle marked location) in each sce-
nario map in this study was drawn in advance by the researcher. 
Each circle location was a false hypothesis: the circle marked 
location was not the actual location. In addition, subjects were 
told that they could see three ground features from their actual 
location (e.g., “the main road and rail run directly side-by-side 
below you”, listed after each scenario), and that they needed to 
choose the one most useful feature to determine whether they 
were really in the circle marked location on the map. In other 
words, the ground features were used to test the authenticity of 
the hypothetical map location.

Of the three ground features given in each scenario, two fea-
tures appeared both in the hypothetical location on the map 
and also in the actual location. These two features can be used 
as evidence to support the hypothetical location is correct, and 
choosing either of these features indicates that individuals are 
overly dependent on evidence consistent with their assump-
tions about where they believe they are (positive tests of the 

hypothetical location). Therefore, these two features were 
regarded as confirmatory choices (e.g., “you can see small air-
craft landing and taking off close behind the town” and “you 
can see a wide river mouth” in the yacht scenario). Meanwhile, 
the third feature did not appear in the hypothetical location on 
the map and only appeared in the actual location. This feature 
can be used as evidence to support the hypothetical location is 
wrong and the selection of this feature indicates that the indi-
vidual carried out a negative test on the hypothetical location. 
Thus, this feature was regarded as a disconfirming choice (e.g., 
“there appears to be a high bush-clad peak behind the town, 
directly to your north” in the yacht scenario). Furthermore, 
selecting the disconfirming choice could determine that the 
hypothetical location was wrong and so it was the most useful 
feature for subjects to use in deciding whether they were in the 
circled area. According to the experimental paradigm of Gilbey 
and Hill,6 if the rate of selecting the disconfirming choice is sig-
nificantly lower than would be expected by chance, it indicates 
that individuals are subject to confirmation bias.

Apparatus.  All tests and experimental tasks were performed on 
a computer, specifically a Dell Inspiron 5559 laptop (Intel Core 
i7-6500U) with a 15.6-inch screen and 1366 × 768 resolution.  
In addition, the presentation of scenario-based map-reading 
task materials, program running, and data collection in the for-
mal experiment of this study were all completed in iMotions  
6.2 software, which is a comprehensive desktop-based synchro-
nization research platform for psychology and human factors.

Procedures.  In order to screen out verbalizers and visualizers, 
all subjects first completed the CSA-VI on the computer and 
the verbal-imagery ratio of each subject was recorded. After 
each subject completed the CSA-VI, the experimenter immedi-
ately checked the test results to determine whether the subject 
met the criteria for participating in the formal experiment. 
According to the standard of the Chinese version of the 
CSA-VI,13 the experimenter invited subjects with a ratio higher 
than or equal to 1.00 (imagery profile) and less than or equal to 
0.86 (verbal profile) to participate in the formal experiment.

In the formal experiment, the subjects were first asked to 
spend 5 min learning the map symbols on the paper with detailed 
instructions and became familiar with the meanings of the dif-
ferent symbols. Next, the experimenter introduced the whole 
experimental process and precautions to the subjects. Once the 
subjects understood the experimental process and felt familiar 
with the map symbols, they clicked “Next” at the bottom of the 
task interface to complete the experimental tasks for each sce-
nario in turn. Each scenario task was presented in two interfaces. 
The first interface presented the text description of the scenario 
and the second interface presented the map and three features. 
When solving the task of each scenario, the subjects used the 
mouse to click the corresponding feature on the second interface 
of the scenario to complete the selection. According to the exper-
imental paradigm of Gilbey and Hill,6 subjects were given no 
time limit to solve each scenario task. Overall, all subjects were 
able to complete the task in about 15 min.
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Statistical analysis.  SPSS 22.0 was used to analyze all data in 
this study. The total number of disconfirming choices chosen 
by the subject across the three scenarios was used as the depen-
dent variable index. A single sample t-test (two-tailed, test value 
= 1) was conducted to examine whether individuals were sub-
ject to confirmation bias in lost procedures. Furthermore, a 2 
cognitive style (verbal and imagery) × 2 experience (inexperi-
enced and experienced) analysis of variance (ANOVA) was 
performed to examine the effects of verbal-imagery cognitive 
style and experience level and their interaction on confirmation 
bias in lost procedures. Also, simple effect analysis was per-
formed to inspect the nature of the interaction between cogni-
tive style and experience.

Results
The analysis of the performance of all subjects in three scenar-
io-based map-reading tasks showed that subjects made 0 (N = 31), 
1 (N = 27), 2 (N = 3), or 3 (N = 1) disconfirming choices. In other 
words, the disconfirmatory feature was chosen only 19.35% of the 
time and half of subjects made no disconfirming choice. The 
mean number of disconfirmatory features chosen by the subjects 
was 0.58 and the standard deviation was 0.67. Visualizers (M = 
0.78, SD = 0.75) were almost twice as likely to select the disconfir-
matory features than verbalizers (M = 0.37, SD = 0.49). For the 
sake of comparison, if they had answered randomly, the average 
number of disconfirming choices would be 1. Based on this, a sin-
gle sample t-test was conducted (two-tailed, test value = 1) on the 
total number of disconfirming choices. The result was significant 
[t(61) = −4.954, P < 0.001, d = 0.54, 95% confidence interval (CI) 
= −0.59, −0.25], indicating that the actual performance of subjects 
was worse than the performance expected from random answers. 
Thus, subjects were more likely to use confirmatory evidence than 
disconfirmatory evidence to test their location.

ANOVA conducted on the total number of disconfirming 
choices showed that the main effect of cognitive style was sig-
nificant [F(1, 58) = 5.646, P < 0.05, η2

p = 0.089]. The number 
of disconfirming choices of subjects with an imagery profile 
was significantly higher than that of subjects with a verbal 
profile. The main effect of experience was not significant  
[F(1, 58) = 2.375, P > 0.05, η2

p = 0.039]. The two-way interac-
tion between cognitive style and experience was also signifi-
cant [F(1, 58) = 4.474, P < 0.05, η2

p = 0.072].
As shown in Fig. 2, further simple effect analyses showed 

that, for the verbal cognitive style, there were significant differ-
ences in the number of disconfirming choices of subjects with 
different experiences [F(1, 58) = 6.432, P < 0.05, η2

p= 0.1]  
and the number of disconfirming choices of the flying cadets  
(M = 0.69, SD = 0.48) was significantly higher than that of the 
undergraduate students (M = 0.12, SD = 0.33). For the imagery 
cognitive style, there was no significant difference in the number 
of disconfirming choices of subjects with different experiences 
[F(1, 58) = 0.171, P = 0.68, η2

p = 0.003].

Discussion
The results of Experiment 1 indicated that the subjects were 
influenced by confirmation bias in lost procedures, which is 

consistent with the work of Gilbey and Hill.6 We also found that 
individuals with an imagery profile had a lower degree of con-
firmation bias than individuals with a verbal profile. This find-
ing echoes the related findings related to verbal-imagery 
cognitive style.3,11,24 Furthermore, the effect of experience on 
confirmation bias was significant in the verbal cognitive style 
group, but not in the imagery cognitive style group. These 
results suggest that the effect of experience on confirmation 
bias is moderated by cognitive style, and experience has a pro-
tective effect against confirmation bias in individuals with a 
verbal cognitive style.

Studies have shown that the differences between pilots 
with different levels of experience are mainly manifested in 
strategy.15,28 Therefore, in order to further explore what 
components of experience have an effect on confirmation bias, 
we examined the influence of strategy on confirmation bias in 
the following experiment.

EXPERIMENT 2

Methods
Subjects.  In this study, 26 male flying cadets from the Air Force 
Aviation University of China participated (Mage = 20.89, SDage = 
0.65). The experiment was conducted in mid-March 2019, and 
the subjects in this experiment did not participate in Experi-
ment 1. All subjects had at least 50 h of flying experience, were 
right-handed, and reported normal or corrected-to-normal 
visual acuity. They were all contacted and recruited with the 
help of a flight instructor.

Procedure.  A mixed method approach combining an experi-
mental method and a survey method was used to explore the 
influence of strategies on confirmation bias. In this experiment, 
subjects first completed three scenario-based map-reading tasks 
in turn. The procedure for completing these tasks was the same 
as Experiment 1. After subjects completed all experimental 
tasks, they were asked about their decision-making strategies in 

Fig. 2.  The total number of disconfirming choices as a function of cognitive 
style and experience (ns indicates P > 0.05, * indicates P < 0.05).
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completing the tasks. The same question was employed in all 
cases: “Why do you think the feature you selected was the most 
useful? Please briefly describe the reason or basis for your choice, 
which can be specifically explained in conjunction with one of 
the scenarios.” The question was conducted in the form of a 
paper-and-pencil survey, and screenshots of the task interface 
were printed on a separate sheet of paper to help subjects with 
accurate recall.

Statistical analysis.  A thematic analysis was used to sort and 
analyze all the survey materials from the subjects30 so as to 
determine the decision-making strategy used by each subject  
to test the hypothetical location. This was carried out in two 
stages. First, by reading all the text materials obtained from the 
survey, common themes were determined and different types of 
decision-making strategies were classified. Second, the content of 
each subject’s survey was carefully evaluated to find keywords 
related to the identified themes, and the survey content was 
classified accordingly. The first author led the analysis, and the 
second and third authors assisted and checked throughout the 
process. Furthermore, one-way ANOVA were performed using 
SPSS 22.0 to examine the effect of the strategy on confirmation 
bias in lost procedures. The dependent variable was the total 
number of disconfirming choices chosen by the subject across 
the three scenarios.

Results
Subjects made 0 (N = 14), 1 (N = 9), 2 (N = 1), or 3 (N = 2) dis-
confirming choices. As a whole, the disconfirmatory feature 
was chosen 21.79% of the time and more than half (53.85%) of 
subjects made no disconfirming choice. The mean number of 
disconfirmatory features chosen by the subjects was 0.65 and 
the standard deviation was 0.89. In general, this study identified 
three common decision-making strategies through thematic 
analysis, as follows:

Strategy 1: Select features according to the attributes of the target 
object. The subjects using this strategy (N = 9) mainly focused 
on the attributes of the target object (such as a mountain) 
mentioned in the feature options, such as the distance, the size 
of the target object, etc., and believed that the attributes of the 
target object were most helpful for them to determine their 
own location. For example, the subjects answered, “the high 
mountain is a big and obvious target, which can help me to 
judge the location easily”, and “I exclude clues that are far away 
from me, because the distance is too far to make accurate 
judgments”.

Strategy 2: Look for features that confirm the hypothetical 
location. The subjects using this strategy (N = 11) mainly 
focused on the features that can prove that the assumed 
location is the correct location. For example, the subjects 
answered, “the airport is exactly north, and I saw planes 
taking off and landing also exactly north”, and “I can see a 
railway at the current position, and there is a railway and 
its branch lines in the white circle”.

Strategy 3: Exclude features that appear repeatedly in multiple 
places on the map. The subjects using this strategy (N = 6) 

mainly used the elimination method to focus on multiple 
recurring features in the map. For example, the subjects 
answered, “there is more than one wide river mouth, and 
there is only one airport on the entire map, so it can be used 
as the most useful feature”, and “I first exclude features that 
also appear elsewhere on the map, and then make a choice”.

The mean and standard deviation of disconfirmatory features 
chosen by the subjects in the three different strategies are as  
follows: strategy 1, M = 0.56, SD = 0.53; strategy 2, M = 0.09,  
SD = 0.30; strategy 3, M = 1.83, SD = 0.98. One-way ANOVA test 
results showed that different strategies had a significant impact 
on the total number of disconfirming choices [F(2, 23) = 17.211, 
P < 0.001, η2

p = 0.599]. Further multiple post hoc comparison 
results showed that strategy 3 was significantly different from 
strategy 1 (MD = 1.278, P < 0.001, 95% CI = 0.64, 1.92) and  
strategy 2 (MD = 1.742, P < 0.001, 95% CI = 1.12, 2.36), while 
strategy 1 and strategy 2 were not significantly different  
(MD = 0.465, P = 0.092, 95% CI = −0.08, 1.01).

Discussion
In Experiment 2, we identified three strategies used by the sub-
jects in completing the scenario-based map-reading tasks. The 
results showed that different strategies had a significant impact 
on confirmation bias, which is somewhat similar to the findings 
of Schriver et al.28 They showed that better attentional strategy 
could help pilots’ decision-making. Specifically, we found that 
strategy 3 significantly reduced the degree of confirmation bias 
compared to strategy 1 and strategy 2. This may be due to the 
fact that this strategy helps individuals quickly and effectively 
eliminate the interference of irrelevant information and com-
plete the processing of key information.

OVERALL DISCUSSION
The primary purpose of this study was to explore the impact of 
cognitive style, experience, and strategy on confirmation bias in 
lost procedures. The results showed that the individuals in this 
study were subject to confirmation bias in lost procedures. 
Cognitive style was found to affect confirmation bias: visualiz-
ers had a lower degree of confirmation bias than verbalizers. 
Moreover, experience helps individuals with verbal cognitive 
style to reduce the degree of confirmation bias and the protec-
tive effect of experience mainly comes from the specific strate-
gies adopted by individuals. This study makes contributions to 
the current pilot confirmation bias and aviation safety research 
through exploring the underlying mechanism of confirmation 
bias in lost procedures. The results of this study may help to 
prevent and intervene in the confirmation bias of pilots so as to 
reduce the pilots’ decision-making errors.

This study simulated lost procedures and used three scenario- 
based map-reading tasks to explore this decision-making  
process after becoming lost. It was found that individuals were 
subject to confirmation bias in this decision-making process, in 
that they demonstrated a preference for using confirmatory 
evidence rather than disconfirmatory evidence to establish 
their location. However, the use of disconfirmatory evidence 
would help pilots quickly determine that their hypothetical 
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location is not the actual location after they get lost, which may 
prevent them from putting themselves in greater danger and 
reduce the likelihood of an accident. Our results are consistent 
with the work of Gilbey and Hill,6 again proving the negative 
impact of confirmation bias on aviation decision-making in the 
context of Chinese culture. Previous studies have shown that 
confirmation bias is widely present in all areas of human 
life.18,25,36 This study further demonstrates the universality of 
confirmation bias in human decision-making. Compared with 
decision-makers in other fields, pilots lack sufficient time and 
cognitive resources to search and process the required informa-
tion due to the high level of uncertainty and cognitive load in 
aviation situations,34 making pilots more susceptible to confir-
mation bias.31,32 The consequences of this kind of influence are 
more harmful and socially influential than the consequences of 
decisions in other areas. Thus, the results of this study tell us 
that confirmation bias in pilot decision-making is an important 
factor affecting flight safety, and this problem should be given 
substantial attention by managers and researchers.

Based on the specific attributes of the decision-making task 
after becoming lost, we focused on the influence of verbal- 
imagery cognitive style on confirmation bias, and found that 
visualizers exhibited a lower degree of confirmation bias than 
verbalizers, thus supporting Hypothesis 1. A plausible explana-
tion for this finding would be that compared to individuals with 
a verbal profile, individuals with an imagery profile show sig-
nificant advantages in map or picture information processing 
and spatial navigation.3,11,24 The decision task in lost proce-
dures involves the processing of map information and spatial 
information, so the task is easier for individuals with an imag-
ery profile. Their advantage in information processing on this 
task may save more cognitive resources and reduce cognitive 
load. According to the cognitive mechanism of confirmation 
bias, when cognitive resources are sufficient and cognitive load 
is low, individuals can process more information comprehen-
sively and reduce the use of cognitive heuristics, which may 
reduce the degree of confirmation bias.5,31,32 Therefore, this 
finding extends the research on individual differences in con-
firmation bias and suggests that, although confirmation bias is 
a common phenomenon in human decision-making processes, 
it influences different individuals to different degrees.

Although our study did not find a significant main effect of 
experience on confirmation bias, we did find that the interac-
tion between experience and cognitive style had a significant 
effect on confirmation bias. Specifically, the effect of experience 
on confirmation bias was significantly different in the verbal 
cognitive style group, but not in the imagery cognitive style 
group. These results suggest that experience has a protective 
effect on the confirmation bias of individuals with a verbal  
cognitive style. Thus, Hypothesis 2 was partially supported.  
A possible reason for these findings is that, on the one hand, 
experienced individuals have superior knowledge or strategies 
that enable them to evaluate hypotheses quickly and effectively 
and to make correct choices and decisions.2,4 Consequently, 
although individuals with verbal cognitive style have an inher-
ent processing disadvantage in this decision-making task, this 

processing disadvantage may be significantly compensated by 
rich experience. On the other hand, although individuals with 
imagery cognitive style have inherent processing advantages in 
this decision-making task, it is difficult to completely eliminate 
confirmation bias through experience.29 This means that the 
protective effect of experience is not fully and significantly 
reflected in individuals with imagery cognitive style.

In order to further explore why experience has a protective 
effect against confirmation bias in individuals with a verbal cog-
nitive style, we further explored the effect of strategy as a core 
component of experience in Experiment 2. The results showed 
that there were three main strategies the subjects used to com-
plete the scenario-based map-reading tasks. Strategy 3 (exclude 
features that appear repeatedly in multiple places on the map) 
significantly reduced the degree of confirmation bias compared 
to strategy 1 and strategy 2. Therefore, these results supported 
Hypothesis 3 and further explained the findings of Experiment 1.

The adverse effects of confirmation bias on decision-making 
in flight have been confirmed in empirical research6,32 and 
accident investigation reports.20 Therefore, the question of 
how to reduce or eliminate confirmation bias from pilots’  
decision-making is of great significance to aviation safety, and a 
major practical problem to be solved in aviation safety manage-
ment. Researchers have tried to reduce the confirmation bias in 
pilots’ weather decisions using a debiasing technique called 
“considering the alternative”, but the results showed that the 
debiasing technique was not an effective intervention against 
confirmation bias.33 Most studies using debiasing techniques to 
reduce cognitive bias have garnered similar results.14

Given that this is the case, research on the influence mecha-
nism of pilot confirmation bias may be another potentially effec-
tive way to explore how to reduce confirmation bias. If one can 
deeply understand the generation mechanism and potential 
influencing factors of confirmation bias, then one may be able to 
provide effective technical support for pilots’ targeted psycholog-
ical selection and training from the perspective of practical inter-
vention, so as to reduce confirmation bias. This study is based on 
this purpose and background, and its results provide some poten-
tial measures and suggestions for intervention against confirma-
tion bias in the decision-making process after becoming lost.

First, stable psychological variables can be used as an evalu-
ation index for pilot psychological selection to reduce the 
impact of confirmation bias. The results of this study indicate 
that the verbal-imagery cognitive style has a significant impact 
on confirmation bias, and the cognitive style, as a reflection of 
innate personality differences in information processing, is  
stable.26 Thus, one might use verbal-imagery cognitive style as an 
evaluation index for the psychological selection of pilots and 
reduce the influence of confirmation bias by selecting individu-
als with an imagery cognitive style. Second, one might use pilot 
training to reduce the influence of confirmation bias, targeting 
malleable psychological variables. The results of this study 
show that experience may help individuals with verbal cogni-
tive style to reduce their degree of confirmation bias in the 
decision-making process after becoming lost, and the protective 
effect of experience mainly comes from the strategies adopted 
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by individuals. This indicated that we can reduce the impact of 
confirmation bias through adequate training of pilots, espe-
cially through strategy training to improve task-related experi-
ence. However, we need to combine the characteristics of pilots’ 
different cognitive styles in training, and focus on increasing 
the training of pilots with verbal cognitive style, so as to improve 
training efficiency.

Despite the encouraging findings of this study, several lim-
itations should be noted when interpreting its results and con-
templating future research. First, in this study, scenario-based 
map-reading tasks were used as the experimental material. 
Although these tasks to a large extent simulated the deci-
sion-making process in lost procedures, they were still different 
from the decision-making process in an actual flight situation, 
which may affect the ecological validity of the conclusion to 
some extent. In an actual flight situation, pilots need to deter-
mine their location while controlling the aircraft,6 which would 
further increase cognitive load and lead pilots to rely more on 
heuristics.31 Therefore, in future research, a portable eye tracker 
can be matched with a flight simulator with a high simulation 
degree for further research, so as to make conclusions with 
more ecological validity. Second, this study only explored the 
mechanism of confirmation bias in one kind of flight situation, 
that is, the lost situation, and this is somewhat one-sided. Future 
research can further explore the influence mechanism of con-
firmation bias in other flight situations, such as weather-related 
decision-making situations,32 and establish a corresponding 
theoretical model, so as to provide more comprehensive theo-
retical guidance for the prevention of confirmation bias in 
flight. Finally, in this study, only undergraduate students and 
flying cadets were selected to distinguish between experienced 
and inexperienced subjects. In the future, more experienced 
pilots should be selected and compared with inexperienced or 
low-experienced subjects to further verify our research results.

ACKNOWLEDGMENTS

The authors thank Andrew Gilbey and Stephen Hill for their previous excellent 
research, and the anonymous reviewers for their comments and efforts to 
improve the paper.

This study was supported by the Fundamental Research Funds for the 
Central Universities of China (2020TS013) and the Youth Innovation Team of 
Shaanxi Universities (202084).

Financial Disclosure Statement: The authors have no competing interests to 
declare.

Authors and Affiliations: Quan Xu, Ph.D. candidate, Mengyun Wang, 
Ph.D. candidate, Bo Liu, Ph.D. candidate, Xuqun You, Ph.D., and Ming Ji, 
Ph.D., Shaanxi Normal University, Yanta District, Xi’an, Shaanxi, China; and 
Hongwei Wang, Aviation University of Air Force, Chaoyang District, 
Changchun, Jilin, China.

REFERENCES

	 1.	 Aircraft Owner and Pilots Association (AOPA). 23rd Joseph T. Nall 
report: general aviation accidents in 2011. Frederick (MD): AOPA Air 
Safety Foundation; 2014.

	 2.	 Ask K, Granhag PA. Motivational bias in criminal investigators’ judge-
ments of witness reliability. J Appl Soc Psychol. 2007; 37(3):561–591.

	 3.	 Bocchi A, Giancola M, Piccardi L, Palmiero M, Nori R, D’Amico S. How 
would you describe a familiar route or put in order the landmarks along 
it? It depends on your cognitive style. Exp Brain Res. 2018; 236(12): 
3121–3129. 

	 4.	 Chassy P, Gobet F. A hypothesis about the biological basis of expert 
intuition. Rev Gen Psychol. 2011; 15(3):198–212.

	 5.	 Gigerenzer G, Gaissmaier W. Heuristic decision making. Annu Rev 
Psychol. 2011; 62(1):451–482. 

	 6.	 Gilbey A, Hill S. Confirmation bias in general aviation lost procedures. 
Appl Cogn Psychol. 2012; 26(5):785–795.

	 7.	 Hariri N, Asadi M, Mansourian Y. The impact of users’ verbal/imagery 
cognitive styles on their Web search behavior. Aslib J Inf Manag. 2014; 
66(4):401–423.

	 8.	 Kahneman D. Thinking fast and slow. New York (NY): Farrar, Stratus & 
Giroux; 2011.

	 9.	 Kahneman D, Tversky A. Variants of uncertainty. Cognition. 1982; 
11(2):143–157. 

	10.	 Kerstholt J, Eikelboom A, Dijkman T, Stoel R, Hermsen R, van Leuven B. 
Does suggestive information cause a confirmation bias in bullet compar-
isons. Forensic Sci Int. 2010; 198(1–3):138–142. 

	11.	 Koć-Januchta M, Höffler T, Thoma GB, Prechtl H, Leutner D. Visualizers 
versus verbalizers: effects of cognitive style on learning with texts and pic-
tures–an eye-tracking study. Comput Human Behav. 2017; 68:170–179.

	12.	 Kozhevnikov M. Cognitive styles in the context of modern psychology: 
toward an integrated framework of cognitive style. Psychol Bull. 2007; 
133(3):464–481. 

	13.	 Li L, Che W. 认知风格分析测验(CSA)修订及大学生样本的划界尝试 
[The revision of the Cognitive Style Test and attempt to delimit of cognitive 
style on college students]. Psychological Exploration. 2006; 26(4):88–93.

	14.	 Lilienfeld SO, Ammirati R, Landfield K. Giving debiasing away: can 
psychological research on correcting cognitive errors promote human 
welfare? Perspect Psychol Sci. 2009; 4(4):390–398. 

	15.	 Lounis C, Peysakhovich V, Causse M. Visual scanning strategies in the 
cockpit are modulated by pilots’ expertise: a flight simulator study. PLoS 
One. 2021; 16(2):e0247061. 

	16.	 Madhavan P, Lacson FC. Psychological factors affecting pilots’ decisions 
to navigate in deteriorating weather. N Am J Psychol. 2006; 8(1):47–62.

	17.	 Michalski DJ, Bearman C. Factors affecting the decision making of pilots 
who fly in Outback Australia. Saf Sci. 2014; 68:288–293.

	18.	 Moskowitz GB, Carter D. Confirmation bias and the stereotype of the 
black athlete. Psychol Sport Exerc. 2018; 36:139–146.

	19.	 Murray SR. Deliberate decision making by aircraft pilots: a simple 
reminder to avoid decision making under panic. Int J Aviat Psychol. 1997; 
7(1):83–100.

	20.	 National Transport Safety Board (NTSB). Attempted takeoff from wrong 
runway, Comair flight 5191, August 27, 2006. Accident Report NTSB/
AAR-07/05. Washington (DC): NTSB; 2008.

	21.	 Newell A, Simon HA. Human problem solving. Englewood Cliffs (NJ): 
Prentice-Hall; 1972.

	22.	 Nickerson RS. Confirmation bias: a ubiquitous phenomenon in many 
guises. Rev Gen Psychol. 1998; 2(2):175–220.

	23.	 Paquette L, Kida T. The effect of decision strategy and task complexity 
on decision performance. Organ Behav Hum Decis Process. 1988; 
41(1):128–142.

	24.	 Pazzaglia F, Moè A. Cognitive styles and mental rotation ability in map 
learning. Cogn Process. 2013; 14(4):391–399. 

	25.	 Pines JM. Profiles in patient safety: confirmation bias in emergency med-
icine. Acad Emerg Med. 2006; 13(1):90–94. 

	26.	 Riding RJ, Cheema I. Cognitive styles: an overview and integration. Educ 
Psychol. 1991; 11(3–4):193–215.

	27.	 Riding RJ, Rayner SG. Cognitive styles and learning strategies. London: 
David Fulton; 1998.

	28.	 Schriver AT, Morrow DG, Wickens CD, Talleur DA. Expertise differences 
in attentional strategies related to pilot decision making. Hum Factors. 
2008; 50(6):864–878. 

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-05



LOST PROCEDURES & CONFIRMATION BIAS—Xu et al.

626    AEROSPACE MEDICINE AND HUMAN PERFORMANCE  Vol. 93, No. 8  August 2022

	29.	 Taber CS, Lodge M. Motivated skepticism in the evaluation of political 
beliefs. Am J Pol Sci. 2006; 50(3):755–769.

	30.	 Terry G, Hayfield N, Clarke V, Braun V. Thematic analysis. In: Willig C, 
Stainton-Rogers, editors. The Sage handbook of qualitative research in 
psychology. London: Sage; 2017:17–37. 

	31.	 Tversky A, Kahneman D. Judgment under uncertainty: heuristics and 
biases. Science. 1974; 185(4157):1124–1131. 

	32.	 Walmsley S, Gilbey A. Cognitive biases in visual pilots’ weather‐related 
decision making. Appl Cogn Psychol. 2016; 30(4):532–543.

	33.	 Walmsley S, Gilbey A. Debiasing visual pilots’ weather-related decision 
making. Appl Ergon. 2017; 65:200–208. 

	34.	 Wang H, Xu Q, Yang C, You X, Ji M. Anticipated negative emotions effect 
on incident involvement among civil pilots. Aerosp Med Hum Perform. 
2019; 90(9):774–781. 

	35.	 Wason PC. Reasoning about a rule. Q J Exp Psychol. 1968; 20(3):273–281. 
	36.	 Young MJ, Tiedens LZ, Jung H, Tsai MH. Mad enough to see the other 

side: anger and the search for disconfirming information. Cogn Emot. 
2011; 25(1):10–21. 

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-05



AEROSPACE MEDICINE AND HUMAN PERFORMANCE  Vol. 93, No. 8  August 2022    627

	 R e s e a r c h  Ar  t i c l e

Medical Certification of Pilots Through the  
Insulin-Treated Diabetes Mellitus Protocol at the FAA
Lynn K. Stanwyck; James R. DeVoll; Joyce Pastore; Zykevise Gamble; Anna Poe; Gabrielle V. Gui

	 INTRODUCTION:	I n 2019, the Federal Aviation Administration (FAA) announced a protocol to evaluate pilots with insulin treated diabetes 
mellitus (ITDM) for special issuance (SI) medical certification for first-/second-class pilots. The protocol’s aim is improved 
assessment of ITDM control/hypoglycemia risk and relies on continuous glucose monitoring (CGM) data. This study 
compares the characteristics of first-/second-class pilots with ITDM and certification outcome.

	 METHODS:	 Data was collected retrospectively from the FAA Document Imaging Workflow System (DIWS) for pilots considered 
for a first-/second-class SI under the ITDM program between November 2019 and October 2021. Inclusion 
criteria required submission of information required for certification decision (SI vs. denial). We extracted data on 
demographics and CGM parameters including mean glucose, standard deviation, coefficient of variance, time in 
range (%), time > 250 mg · dl−1 (%), and time < 70–80 mg · dl−1 (%). We compared these parameters between pilots 
issued an SI vs. denial with Mann-Whitney U-tests and Fisher exact tests using R.

	 RESULTS:	 Of 200 pilots with ITDM identified, 77 met inclusion criteria. Of those, 55 received SIs and 22 were denied. Pilots issued SI 
were statistically significantly older (46 vs. 27 yr), had a lower hemoglobin A1c (6.50% vs. 7.10%), lower average glucose 
(139 mg · dl−1 vs. 156 mg · dl−1), and spent less time with low glucose levels (0.95% vs. 2.0%).

	 DISCUSSION:	T he FAA program has successfully medically certificated pilots with ITDM for first-/second-class. Pilots granted an ITDM 
SI reflect significantly better diabetes control, including less potential for hypoglycemia. As this program continues, it 
will potentially allow previously disqualified pilots to fly safely.

	 KEYWORDS:	 insulin-treated diabetes, continuous glucose monitoring, first class pilot medical certification, second class pilot medical 
certification.
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Insulin treated diabetes mellitus (ITDM) is a challenge to the 
Federal Aviation Administration (FAA) and other civil 
aviation authorities worldwide charged with medically eval-

uating pilots for performance of safety sensitive flight duties. 
ITDM is particularly challenging due to variability in 
pathogenesis, clinical presentation, treatment, side effects, and 
short- and long-term complications. Of particular concern is 
the potential for hypoglycemia which may go unrecognized 
and result in sudden and subtle incapacitation. The aerospace 
environment also poses challenges to pilots with diabetes. For 
example, sudden aircraft cabin depressurization may poten-
tially cause insulin pumps to malfunction and release an insulin 
bolus.10 Altitude and hypobaric hypoxia cause changes in blood 
glucose levels.21 The aerospace environment has also been 
shown to worsen diabetic cystoid macular edema6 and space-
flight has been associated with insulin resistance.23

For any medical condition, the FAA’s main certification goal 
is to prevent sudden or subtle incapacitation of the pilot in 
flight that jeopardizes flight safety and endangers the lives of 
not only the pilots and passengers, but also those on the ground 
should an aircraft crash. Diabetes presents several mechanisms 
potentially concerning for incapacitation, including hypoglyce-
mia, hyperglycemia, and macrovascular and microvascular 

From the Office of Aerospace Medicine, Federal Aviation Administration, Washington, 
DC, United States.
This manuscript was received for review in April 2022. It was accepted for publication 
in June 2022.
Address correspondence to: James R. DeVoll, M.D., M.P.H., FAsMA, Office of 
Aerospace Medicine, Federal Aviation Administration, 800 Independence Ave. SW, 
Rm. 8W-398, Washington, DC 20591, USA; james.devoll@faa.gov.
Reprint and copyright © by the Aerospace Medical Association, Alexandria, VA.
DOI: https://doi.org/10.3357/AMHP.6107.2022

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-05

https://doi.org/10.3357/AMHP.6107.2022


DIABETIC PILOT CERTIFICATION—Stanwyck et al.

628    AEROSPACE MEDICINE AND HUMAN PERFORMANCE  Vol. 93, No. 8  August 2022

complications. Specifically, hypoglycemia is the complication of 
greatest concern since it may cause impaired decision-making, 
disorientation, poor performance at cognitive skills, confusion, 
and loss of consciousness. Additionally, hypoglycemic unaware-
ness has been observed in up to 40% of patients with type 1 
diabetes and this unawareness increases the risk of severe hypo-
glycemia sixfold for these patients.15 Consequences of severe 
hypoglycemia may include seizure, coma, cardiac dysrhyth-
mias, and death.15

The goal of medical providers outside of aviation is to main-
tain effective glycemic control to mitigate irreversible diabetic 
complications, but tighter glycemic control increases the risk of 
hypoglycemic events.20 Alternatively, hyperglycemia may cause 
short term adverse effects, including vision and refractive 
changes, poor cognition, and diabetic ketoacidosis, as well as 
long term hazards to aviation safety secondary to end organ com-
plications.9 Macrovascular and microvascular changes often 
occur in the heart, eye, kidneys, and peripheral nerves. Of partic-
ular concern in pilots is diabetic retinopathy, which, if unrecog-
nized, may result in loss of vision critical to pilot duties. Diabetic 
neuropathy may subtly affect a pilot’s ability to manipulate the 
controls. While chronic kidney disease is quite unlikely to result 
in an unforeseen incapacitating event, diabetes is significantly 
associated with myocardial infarction and other vascular events 
(e.g., stroke). ITDM also presents logistical challenges for pilots, 
including maintaining a diet while traveling, in-flight glucose 
monitoring, and postcrash survival considerations.

Other civil aviation authorities have attempted to address 
aeromedical concerns of ITDM. Canada was the first country to 
establish an ITDM protocol for first class pilots in 2002, followed 
by the United Kingdom in 2012.21 These two countries relied on 
multicrew restrictions and/or notification of their copilot of their 
diabetes. A policy of ITDM for commercial pilots in the United 
States has been significantly more challenging.

In the United States, ITDM is a “specifically disqualifying” 
condition under Title 14 of the Code of Federal Regulations 
part 67 (14 CFR 67). However, pilots with specifically disquali-
fying conditions may be considered for authorization of a spe-
cial issuance (SI) medical certificate. Prior to 1996, the FAA did 
not grant SI certifications to pilots with ITDM mainly due to 
concern for risk of hypoglycemia. In 1996, the FAA began 
granting special issuance medical certification for third-class 
(general aviation) duties for pilots with ITDM using a protocol 
for monitoring serum blood sugar levels.21 This protocol 
requires finger stick blood glucose testing 30 min before take-
off, during flight, and before landing. The protocol recom-
mended pilots maintain glucose levels above 120 mg · dL−1 
during flight to avoid hypoglycemic events in the air. Notably, 
this recommended blood glucose target during flight is higher 
than the recommended routine medical management as a mit-
igation to minimize the risk for hypoglycemia.

Though the FAA experience with third-class medical cer-
tification has not proven overtly unsafe, developing a policy 
for ITDM for first- or second-class commercial pilot duties 
was challenging. Concerns included: 14 CFR 67 mandates 
that less risk is acceptable for commercial pilot duties; 

hypoglycemia risk increases with tight glucose control; 
inability to assess glycemic variability; and hypoglycemia 
unawareness and associated autonomic failure. In addition, 
U.S. case law in 1980 (Delta Airline v. United States) 
prohibited the FAA from setting operational limitations on 
first-class medical certificates. However, after several years of 
consideration, in November 2019 the FAA announced a new 
protocol to evaluate pilots with ITDM for SI medical certifi-
cation for first-/second-class pilot duties. The protocol’s aim 
was to introduce an improved method for assessment of 
ITDM control (especially glycemic variability) and the atten-
dant risks for hypoglycemia. The criteria for the protocol 
include clinical stability for at least 6 mo on the current treat-
ment regimen and relies in part on pilot continuous glucose 
monitoring (CGM) data, both in the air and while on the 
ground. The goal of requiring CGM was in part to align dia-
betes management both in and out of the flight deck as well 
as to use longitudinal data demonstrating low risk of sudden 
or subtle incapacitation. Pilots were required to demonstrate 
good glucose control, including minimal incidence of low 
glucose levels, to qualify for an SI through this program.

CGM played a large part in risk mitigation for the new 
ITDM protocol. CGM automatically tracks glucose levels 
throughout the day and night with readings every 1 to 5 min,3 
and devices are designed to be worn continuously, including 
during showering, working, exercise, and sleeping. They work 
though a tiny sensor that is inserted through the skin, often in 
the abdomen or upper arm, and monitor interstitial glucose 
levels. These levels are correlated to blood glucose levels. CGM 
initially required calibration with finger stick levels, ideally at 
least daily, though the need for such calibration is greatly 
reduced or eliminated with current generation devices. The 
sensors can be worn for several days, often up to 10 d, depend-
ing on the sensor type. One CGM device is completely implant-
able and operates for up to 6 mo. The monitor may be part of a 
pump and/or may be connected to a smart device for monitor-
ing. CGM can also provide patients with smart features such as 
glucose rate of change, alarms for hypo-/hyperglycemic events, 
and trends indicating that such events may be imminent. 
Overall, CGMs have been shown to be effective in improving 
patient glucose and diabetes control.2,3 In 2022, the ADA has 
recommended CGM usage for all adults who take insulin.24

The goal of this study was to examine the outcomes of  
the new ITDM protocol at the FAA. Specifically, this study 
compares pilots who applied for an SI through the new ITDM 
protocol and those who were successfully issued an SI to those 
who were denied.

METHODS

Data Collection
Data was collected retrospectively from the FAA Document 
Imaging Workflow System (DIWS) for pilots considered for a 
first- or second-class SI under the ITDM program between 
November 2019 and October 2021. Inclusion criteria required 
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submission of information specified under the program 
(including CGM data) and a final certification decision of SI or 
final denial (FD). Some pilots applied for a medical certificate 
upgrade from third-class to first- or second-class; those who 
were not allowed to upgrade were categorized as an FD.

Once pilots are issued an SI for medical certification, they 
are required to periodically renew this SI. We collected the 
number of pilots who applied to renew their SI under the ITDM 
protocol. We also collected the number of pilots who appealed 
their initial denial.

For each pilot who met our inclusion criteria, we extracted 
de-identified data in four major categories: demographics, diabe-
tes parameters, CGM parameters, and diabetic complications. 
Demographic data included sex and age at application in years. 
Diabetes parameters included duration of diabetes in years and 
their most recent hemoglobin A1c (HbA1c). CGM parameters 
included mean glucose (mg · dl−1), glucose standard deviation 
(SD), glucose coefficient of variance (CV), time in range (TIR, %),  
time above range, defined as > 250 mg · dl−1 (%), time below 
range (TBR), defined as < 70–80 mg · dl−1 (%), and device wear 
(%). These parameters were chosen because good control of 
many of these metrics is shown to correlate with better diabetes 
control and lower risk of complications. For this study, diabetic 
complications included the presence or absence of diabetic reti-
nopathy, cardiac complications, neuropathy, and renal complica-
tions. Of note, the FAA defines TIR as between 80 mg · dl−1 and 
180 mg · dl−1; however, not all patients had their devices set to 
those thresholds, especially early in the protocol. Additionally, 
settings reflect the clinical recommendations of the pilot’s treat-
ing endocrinologist specific to the pilot. As a result, the TIR range 
was not exactly the same for all pilots. Additionally, most low glu-
cose thresholds were defined as < 70 mg · dl−1; however, some 
devices were set for < 80 mg · dl−1.

Data Analysis
We compared these parameters between pilots issued an SI ver-
sus those issued an FD. Age, CGM parameters, and diabetes 
parameters were analyzed as continuous variables. Continuous 
variables were analyzed with Mann-Whitney U-test to examine 
the difference in the median values and distributions for each 
parameter between pilots who were issued an SI versus those 
issued an FD. We chose Mann-Whitney U-test as our sample size  
was not large enough in each group to apply the central limit 
theorem and many of the variables were not normally distrib-
uted. Sex and diabetic complications were considered categori-
cal variables. These parameters were analyzed using a Fisher 
exact test as sample sizes were small in some groups (e.g., in 
patients with diabetic complications, Table I). All data analysis 
was done in R.

RESULTS

Of 200 pilots with ITDM identified in the Document Imaging 
Workflow System (DIWS), 77 met the inclusion criteria. Of 
these pilots, 55 received SIs and 22 were issued an FD. Demo-
graphic details and clinical findings for each pilot are in Table I. 
Of the 55 pilots who received an SI and were eligible for a con-
tinued authorization, 39 were successfully recertificated at the 
time of the conclusion of data collection. Of those who were 
denied, three applied for reconsideration, with two ultimately 
receiving an SI and the third being denied.

Results from the primary analysis are found in Table I. Pilots 
who received an SI were older (46 vs. 27 yr, P = 0.002), had a 
lower HbA1c (6.50% vs. 7.10%, P < 0.001), lower average glu-
cose (139 mg · dl−1 vs. 156 mg · dl−1, P < 0.001), a lower glucose 
standard deviation (38 mg · dl−1 vs. 53 mg · dl−1, P < 0.001), a 

Table I.  Pilot Characteristics by Final Decision.

PILOT CHARACTERISTICS
FINAL DENIAL 

(N = 22)
SPECIAL ISSUANCE 

(N = 55) P-VALUE
Demographic Data
  Sex (% Male) N (%) 20 (90.9%) 53 (96.4%) 0.574
  Age (yr) Median (IQR) 27.00 (21.2 to 47.5) 46.00 (36.0 to 54.5) 0.002
Diabetes Parameters
  Diabetes Duration (years) Median (IQR) 11.00 (5.0 to 17.0) 9.00 (5.0 to 20.0) 0.667
  HbA1c (%) Median (IQR) 7.10 (6.8 to 7.4) 6.50 (6.0 to 6.7) <0.001
Continuous glucose monitoring (CGM) parameters
  Average Glucose (mg · dl−1) Median (IQR) 156.00 (145.5 to 163.0) 139.00 (128.0 to 149.0) <0.001
  Glucose Standard Deviation (mg · dl−1) Median (IQR) 53.00 (45.8 to 61.5) 38.00 (29.5 to 43.5) <0.001
  Glucose Coefficient of Variance Median (IQR) 33.50 (30.2 to 36.6) 26.90 (21.9 to 30.2) <0.001
  Time Glucose < 70-80 mg · dl−1 (%) Median (IQR) 2.00 (1.0 to 4.0) 1.00 (0.3 to 2.1) 0.010
  Time Glucose > 250 mg · dl−1 (%) Median (IQR) 7.60 (2.5 to 11.5) 0.95 (0.0 to 2.0) <0.001
  CGM use time (%) Median (IQR) 91.00 (79.0 to 99.0) 98.00 (95.0 to 100.0) 0.002
  Time in Range (%) Median (IQR) 71.00 (61.2 to 80.9) 95.00 (82.0 to 97.0) <0.001
Diabetic Complications (Yes/No)
  Diabetic Retinopathy N (%) 2 (9.1%) 5 (9.1%) 1.000
  Cardiac Complications N (%) 0 (0%) 1 (1.8%) 1.000
  Neuropathy N (%) 0 (0%) 2 (3.6%) 1.000
  Renal Complications N (%) 2 (9.1%) 0 (0%) 0.079

HbA1c: hemoglobin A1c; IQR: interquartile range; CGM: continuous glucose monitoring.

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-05



DIABETIC PILOT CERTIFICATION—Stanwyck et al.

630    AEROSPACE MEDICINE AND HUMAN PERFORMANCE  Vol. 93, No. 8  August 2022

lower CV (26.9 vs. 33.5, P < 0.001), and higher CGM use time 
(98% vs. 91%, P = 0.002). Pilots issued an SI also spent less time 
with low glucose levels (1.0% vs. 2.0%, P = 0.010) and high 
glucose levels (0.95% vs. 7.60%, P < 0.001), and spent a higher 
percent of TIR (95.0% vs. 71.0%, P < 0.001). Sex (P = 0.574) and 
duration of diabetes (P = 0.712) did not reach statistical 
significance. There was also no statistical difference in diabetic 
complications between pilots with an SI and pilots who were 
denied (Table I).

DISCUSSION

In general, pilots who received an SI for ITDM had better dia-
betes control than those who were denied. This is especially 
true when examining CGM parameters and HbA1c. This is not 
surprising as the FAA criteria for certification of ITDM pilots 
includes cutoffs for these parameters to ensure that pilots have 
well-controlled diabetes with a low risk of complications. These 
cutoff values were based on both ADA recommendations as 
well as recommendations from FAA endocrine consults.

An HbA1c < 7% has been shown to reduce microvascular 
complications.11,12 Currently, the ADA recommendations 
include an HbA1c < 7% for many nonpregnant adults without a 
history of significant hypoglycemia (Grade A recommenda-
tion). HbA1C levels < 7% are potentially beneficial if they can 
be achieved safely without significant hypoglycemia or other 
adverse effects of treatment (Grade B recommendation).24 TIR 
has been shown to correlate well with HbA1c, with TIR > 70% 
corresponding to an HbA1c of approximately 7%.1 New data 
also suggests that increased TIR correlates with a decreased risk 
of complications.13,24 Tighter control of diabetes additionally 
reduces the risk of clinical complications.18 The ADA also rec-
ommends a parallel goal of TIR of > 70% with time below range 
< 4% and time < 54 mg · dl−1 < 1% for nonpregnant adults 
(Grade B recommendation).24 Time above 250 mg · dl−1 
demonstrates an increased risk of diabetic ketoacidosis and 
long-term complications,14 and the ADA suggests that time 
above target (glucose > 180) as well as TBR are both useful for 
re-evaluation of clinical treatment recommendations (Grade C 
recommendation).24 Studies also show that hyperglycemia is 
associated with changes in the central nervous system white 
matter over time.5,19

Another important CGM metric is the SD of glucose levels 
and the CV that reflects variability relative to the mean (SD/
mean). CV is less vulnerable to influence by hyperglycemic 

excursions than SD. In general, lower variability as represented 
by a CV of < 33%16 up to 36%17 has been considered good clin-
ical glycemic control and hypoglycemic events have been 
shown to be less prevalent in patients with a CV < 36%.7,8,17 
A high CV (> 36%) was correlated with multiple clinical 
variables correlating with poor diabetic control such as GFR  
< 45 ml · min−1, HbA1C > 9%, and a history of hypoglycemia.7

Our results show that SI pilots met the ADA’s clinical rec-
ommendations and the median interquartile range (IQR) val-
ues are consistent with clinical and ADA recommendations 
(Table II). This is not surprising, as ADA recommendations 
were used in creating the certification criteria. However, these 
results show that the FAA was able to successfully implement 
a protocol that identified pilots who would be at lower risk for 
sudden or subtle incapacitation. We also found that denied 
pilots met (TIR, TBR, CV) or almost met (HbA1c) most ADA 
criteria (Table II). However, the middle 50% of values (the 
IQR) for many of the parameters in the denied group often 
included values outside of the ADA recommendations, 
demonstrating that at least 25% of denied pilots did not meet 
ADA criteria for that parameter. Most pilots were denied 
based on only a few parameters (e.g., they had an acceptable 
HbA1c, but their TIR or sensor wear time did not meet crite-
ria), which may explain the increased variation of values in 
denied pilots.

There were no differences in end-organ complications 
between pilots issued an SI and those who were denied. This is 
somewhat surprising as there was a large difference in the 
median time above range [7.60% (IQR: 2.5–11.5%) vs. 0.95% 
(IQR: 0.0–2.0%)], which generally correlates with diabetic 
complications.18 This could be a result of pilots with more 
severe end-organ damage self-selecting out due to concern of 
denial or having been denied based on other comorbidities that 
would preclude certification.

The FAA does not consider age or sex in making certifica-
tion decisions and duration of diabetes was not one of the 
parameters used to select pilots eligible for the ITDM. As 
expected, sex was not significantly different between pilots 
who received an SI versus those who were denied. The percent 
of male pilots in this study’s population was similar to the per-
cent of male Class 1 and Class 2 pilots (92.4%). Duration of 
diabetes was also not significantly different between these 
populations.

Although age at the time of certification is not a factor in 
decision making by the FAA, there was a statistical difference 
between the groups. Those pilots who received an SI tended to 

Table II.  Median Values for Pilots Receiving a Final Denial and Special Issuance Compared to the 2022 ADA Recommendations.

PARAMETER ADA RECOMMENDATIONS
FINAL DENIAL PILOTS  

MEDIAN (IQR)
SPECIAL ISSUANCE PILOTS 

MEDIAN (IQR)
HbA1c (%) <7 7.10 (6.8 to 7.4) 6.50 (6.0 to 6.7)
Time in Range (%) >70 71.00 (61.2 to 80.9) 95.00 (82.0 to 97.0)
Time Glucose < 70–80 mg · dl−1 (%) <4 2.00 (1.0 to 4.0) 1.00 (0.3 to 2.1)
Glucose Coefficient of Variance* <36 33.50 (30.2 to 36.6) 26.90 (21.9 to 30.2)

ADA: American Diabetes Association; HbA1c: hemoglobin A1c; IQR: interquartile range.
*This metric is mentioned by the ADA; however, it is not part of their recommendations for treatment goal endpoints.
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be older than those who were denied. This was surprising to 
us as older patients might be expected to have a longer dura-
tion of illness and therefore greater likelihood for end organ 
complications. To this point, duration of diabetes was not sta-
tistically significant, which would be consistent with the lack 
of any significant difference in end-organ disease. All pilots in 
this study age 22 and under (N = 7) were denied, and the dis-
tribution of denied pilots was bimodal with a second peak 
near 50 yr old (Fig. 1). One explanation is that younger pilots 
have more trouble with diabetic control. One study showed 
that younger patients with type 2 diabetes had worse glycemic 
control;22 of note, the two age groups were < 60 and > 60 yr of 
age and this study was done on a type 2 diabetes population, 
whereas our population is mostly type 1 diabetics. Another 
study done in New Zealand found that in patients with 
type 1 diabetes, HbA1c was highest for the age range between 
15–29 yr.4 Additionally, diabetes is a progressive disease and 
glucose levels are known to increase with age.22 This means 
that older pilots may have fewer hypoglycemic events, the 
major complication of most concern to the FAA. Additionally, 
those diagnosed with type 2 diabetes at younger ages may 
have a severe disease, a higher degree of insulin resistance, 
and worse glycemic control.22

This study is limited by its small sample size and the fact that 
the data collected for initial certification did not provide 
sufficient in-flight monitoring data for analysis. In the future, 
analyzing such data from pilots for the periods in which they 
are flying may be of interest.

Of note, CGM data measures interstitial blood glucose and is 
an indirect measurement of blood glucose. This does not appear 
to be a significant concern as CGM parameters have been highly 
studied and are reliably correlated to diabetes control. In addi-
tion, CGM data is far richer and easily accessible with current 
technology than traditional finger stick methods. Another 
concern is that CGM measures interstitial glucose and has a 
5-to-10-min lag time when compared to blood glucose measure-
ments. This delay is not important when analyzing retrospective 

glucose data, but might be critical when CGM is used for real-
time decision making by pilots. This is partially mitigated by the 
generally low prevalence of hypoglycemic events in the certified 
pilots (as demonstrated by a low TBR) and by the CGMs’ ability 
to analyze trends and notify pilots of “impending” lows so that 
interventions can be taken before a low occurs.

The FAA created strict standards to mitigate against hypo-
glycemic events, meaning that some pilots were denied who 
may eventually be shown to have low risk for incapacitation. 
This conservative approach is employed to assure the safety of 
pilots, passengers, and the general public, and to maintain the 
safety of the National Airspace. As technology for diabetes con-
trol improves and clinical guidelines evolve, the ITDM program 
will continue to adapt. Also, many commercial pilots fly in sin-
gle pilot operations, and advances in automation has raised 
interest by scheduled air transport operators (major airlines) to 
consider transition to single pilot operations as well. The cur-
rent FAA protocol allows ITDM pilots to perform flight duties 
without the need for a copilot backup.

The data reviewed also highlight the difficulty the FAA 
faces in risk-based decision making for ITDM. Clinical pro-
viders know that the clinical presentation of patients with 
ITDM is very diverse. “Acceptable clinical control” differs by 
the needs and circumstances of the individual patient and 
may not match generally accepted treatment target ranges. 
Likewise, no two pilots presenting to the FAA are identical. 
The FAA’s challenge is to distill data comprised of combina-
tions of categorical and almost innumerable continuous val-
ues to make a go/no-go decision. Because neither ITDM nor 
clinical control are static, clinicians look for minimized vari-
ability within acceptable targets and overall consistent control 
consonant with reduced short- and long-term health risks. 
The FAA takes the same approach a step further to look at the 
risks during flight. Thus, the FAA go/no-go assessment is not 
based on any single datum or cutoff values, but an overall 
assessment of effective clinical control and minimized glyce-
mic variability. The results of this study are consistent with 

Fig. 1.  Distribution of age in years for pilots who received a final denial (FD) and a special issuance (SI).
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this, showing that there are significant differences between 
pilots found eligible for SI and those who are not.

CGM has allowed the FAA to create a program to medi-
cally certify pilots with ITDM. This study evaluated the ITDM 
protocol and demonstrates that the FAA has successfully 
medically certificated pilots with ITDM for first-/second-class 
using CGM devices. Pilots granted an ITDM SI reflect signifi-
cantly better diabetes control, including less time at glucose 
levels concerning for hypoglycemia. As this program contin-
ues and evolves, it will potentially allow many previously dis-
qualified pilots to fly safely.
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	 S h o r t  Co m m u n i c at i o n

In-Flight Medical Emergencies Management by  
Anesthetist-Intensivists and Emergency Physicians
Sylvain Diop; Ron Birnbaum; Fabrice Cook; Roman Mounier

	 BACKGROUND:	I n-flight medical emergencies (IME) are challenging situations: aircraft cabins are noisy and narrow, medical supplies 
are scarce, and high-altitude related physiological changes may worsen chronic respiratory or cardiac conditions. The 
aim of this study was to assess the extent to which anesthetist-intensivists and emergency physicians are aware of IME 
specificities.

	 METHODS:	A  questionnaire containing 21 items was distributed to French anesthetist-intensivists and emergency physicians 
between January and May 2020 using the mailing list of the French Society of Anesthesia and Intensive Care Medicine 
and the French Society of Emergency Medicine. The following topics were evaluated: high-altitude related physiological 
changes, medical and human resources available inside commercial aircraft, common medical incidents likely to happen 
on board, and previous personal experiences.

	 RESULTS:	T he questionnaire was completed by 1064 physicians. The items corresponding to alterations in the arterial 
oxygen saturation, respiratory rate, and heart rate at cruising altitude were answered correctly by less than half of 
the participants (respectively, 3%, 42%, and 44% of the participants). Most responders (83%) were interested in a 
complementary training on IME management.

	 DISCUSSION:	T he present study illustrates the poor knowledge in the medical community of the physiological changes induced by 
altitude and their consequences. In addition to offering specific theoretical courses to the medical community, placing 
sheets in commercial aircraft summarizing the optimal management of the main emergencies likely to happen on 
board might be an interesting tool.

	 KEYWORDS:	 in-flight medical emergency, aviation, cardiac arrest, training, extreme environments, high altitude physiology.

Diop S, Birnbaum R, Cook F, Mounier R. In-flight medical emergencies management by anesthetist-intensivists and emergency physicians.  
Aerosp Med Hum Perform. 2022; 93(8):633–636.

Commercial air flight is becoming the most popular 
means of human transportation worldwide. About four 
and a half billion people traveled by plane in 2019 

according to the International Civil Aviation Organization. As a 
result of the global aging of the population, in-flight medical 
emergencies (IME) are expected to increase as well.7 Previous 
studies reported the IME incidence is 1 per 10,000 to 40,000 
passengers traveling each year and, in 50–75% of the cases, a 
physician is present onboard.4,5,7

Managing an IME is challenging for any clinician, especially 
for those who have had no specific training in emergency 
medicine.4 Aircraft cabins are narrow, noisy, and low-resource 
environments. Patient examination may also be complicated by 
a language barrier.5 Available medical supplies are limited and 
depend on airline companies.7 Moreover, high altitude exposes 
passengers to hypobaric hypoxia, and thus a drop in arterial 

oxygen partial pressure (PaO2), potentially leading to the wors-
ening of pre-existing medical conditions such as chronic 
obstructive pulmonary disease (COPD) or chronic heart 
failure.1 It would, therefore, be helpful for any physician to 
understand the physiological changes induced by altitude, be 
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aware of the main IME encountered during a commercial flight, 
and also which medical and human resources are available on 
board to deal with those. Because of their specific training, 
anesthetist-intensivists and emergency physicians should be 
expected to appropriately manage such emergencies. The aim 
of the present study was to evaluate their current knowledge in 
the following aspects of IME: high-altitude related physiologi-
cal changes, medical and human resources available inside 
commercial aircraft, and knowledge of the most common med-
ical incidents likely to happen on board. Previous personal 
experiences were also investigated.

METHODS

Subjects
We conducted a French prospective observational study from 
January to May 2020 among French anesthetist-intensivists and 
emergency physicians (residents and attendings). The primary 
outcome was the descriptive analysis of the results from a 
21-item questionnaire. The answers were provided anonymously. 
No personal information was recorded. The study obtained 
a favorable decision from the French Society of Anesthesia 
and Critical Care Medicine [Société Française d’Anesthésie 
Réanimation  (SFAR)] ethics committee (registration number 
IRB 00,010,254-2020-003).

Survey
The following topics were evaluated: 1) air flight physiological 
changes; 2) medical and human resources available onboard; 3) 
practical considerations: common medical incidents likely to 
occur on board; and 4) personal experiences. An e-mail includ-
ing the rationale of the present study and a link to the survey 
was sent to the members of the French Society of Anesthesia 
and Critical Care Medicine (SFAR) and the French Society 
of Emergency Medicine [Société Française de Médecine 
d’Urgence (SFMU)]. The survey was edited by SFAR through 

the website SurveyMonkey© (www.surveymonkey.com). The 
study lasted 5 mo (from January 1st to May 31st, 2020). Every 
questionnaire fully completed during this period was included 
and analyzed. Those that were either incomplete or received too 
late were not considered.

Statistical Analysis
We provide a strict report of the answers to our questionnaire. 
Results are reported as absolute values and percentage. Statisti-
cal analysis was performed using Microsoft Excel© (Microsoft 
Office 2021©).

RESULTS

A total of 1064 physicians completed the survey: 882 (83%) 
anesthetists and 182 (17%) emergency physicians; 857 (81%) 
attendings and 207 (19%) residents (Table I). The items corre-
sponding to alterations in arterial oxygen saturation, respira-
tory rate, and heart rate at cruising altitude were answered 
correctly by less than half of the participants (respectively, 3%, 
42%, and 44% of the responders). Of the participants, 141 
(13%) and 184 (17%) were aware that the presence of an auto-
mated external defibrillator (AED) on board is not mandatory 
and that oxygen flow is limited.

Among the participants, 559 (53%) had an accurate knowl-
edge of the most common medical incidents likely to happen on 
board (Table II). There were 476 participants (44.7%) who had 
already attended during an IME. Among those, 245 (51%) were 
not confident during their intervention. Finally, 881 responders 
(83%) were interested in attending a specific training on IME 
management.

DISCUSSION

Our results emphasize several points. First, basic physiologi-
cal changes induced by altitude, such as hypoxia or alterations 

Table I.  Physiological Changes Induced by High Altitude and Medical/Human Resources Available on Board.

QUESTIONS CORRECT ANSWER

NUMBER OF 
CORRECT ANSWERS 

N (%)
With altitude, partial pressure of arterial oxygen Decreases 1012 (95%)
The pressure in the aircraft cabin at cruising altitude Is equivalent to the pressure at an altitude of 

6562–8202 ft (2000–2500 m)
583 (55%)

The volume of gas in a closed cavity Increases when atmospheric pressure decreases 806 (76%)
At cruising altitude, arterial oxygen saturation at rest Ranges between 88 to 92% 32 (3%)
At cruising altitude, minute ventilation at rest Is higher than at sea level 444 (42%)
At cruising altitude, heart rate at rest Is higher than at sea level 473 (44%)
Onboard, the hydration state Dehydration is higher than at sea level 904 (85%)
Medical/human resources available onboard
  Cabin crew is systematically trained to cardiopulmonary resuscitation Yes 1016 (95%)
  Legally, all airline companies have to be equipped with an automated  

external defibrillator
No 141 (13%)

  Administration of high flow oxygen (flow > 5 L · min−1) is possible onboard No 184 (17%)
  Aircraft captain authorization is necessary to open the medical kit Yes 660 (62%)
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in respiratory and heart rates, are ignored by many physicians. 
Secondly, there is a misconception regarding available medi-
cal resources on board. Finally, the majority of the responders 
are interested in a complementary course regarding this spe-
cific topic.

Commercial aircraft cabins cruise at an altitude comprised 
between approximately 32,808 to 45,932 ft (10,000 to 14,000 
m) above sea level. Compared to the values measured on the 
ground, the atmospheric pressure at such altitudes is dimin-
ished, resulting in a lower oxygen partial pressure. In order to 
mitigate the hypoxia resulting from exposure to this environ-
ment, airplane cabins are pressurized to reproduce the atmo-
spheric pressure recorded at an altitude of 6562–8202 ft 
(2000–2500 m). Although effective, this countermeasure fails 
to completely prevent the occurrence of a relative hypoxia and 
mean arterial oxygen saturation often ranges between 88% 
and 92%.1 While a healthy patient can easily tolerate such 
SpO2 levels, those suffering from chronic medical conditions 
may not.3 Relative hypoxia induces compensatory hyperven-
tilation, tachycardia, and an increased hypoxic pulmonary 
vasoconstriction; the increased cardiac output, resulting from 
the tachycardia, limits the diffusion of oxygen from the alveoli 
to the arteriolar blood and, therefore, worsens the hypoxemia. 
All these phenomena are potentially harmful for COPD 
patients or those suffering from chronic heart failure.1,3

According to the Boyle-Marriot law, a decrease in the atmo-
spheric pressure induces an increase in the volume of gases 
present in closed cavities, such as the sinuses, intestines, and 
lungs. It may be responsible for specific benign symptoms such 
as abdominal, ear, or sinus pain.

The most frequently reported emergency is syncope, which 
is relatively easy to diagnose and manage.5,7 Fortunately rare 
(0.3% of all IME), in-flight cardiac arrest remains one of the 
most dreaded events by physicians. A previous work reports a 
total survival rate of 14% among 40 patients experiencing 
in-flight cardiac arrest.2 Among those presenting with a shock-
able ventricular fibrillation or ventricular tachycardia, survival 
increased to 50%. In contrast, none survived with asystole as 
the initial rhythm.2 Few recommendations regarding in-flight 
cardiac arrest management have been published and some 
specificities must be considered: high altitude exposure leads to 

a decreased stroke volume, therefore, intravenous fluid expan-
sion should be promptly considered; and high altitude rapidly 
increases blood epinephrine level, thus, epinephrine injection 
may be less efficient.3,4,6

The decision to divert a flight is under the sole responsibility 
of the aircraft commander. It implies additional risks for both 
crew and passengers, due to an unplanned landing in poten-
tially degraded conditions (overweighted plane and/or poor 
weather conditions).4 Moreover, a previous study reported that 
in the event of an in-flight cardiac arrest with a nonshockable 
rhythm, the mortality rate was 100%. Diverting a plane for 
those cardiac arrests might not be appropriate.2 It seems more 
reasonable to recommend plane diversion in the event of a car-
diac arrest with a shockable rhythm or once the patient resumes 
a spontaneous cardiac rhythm.4,6

Obviously, every situation is unique and should be analyzed 
as such. On-ground medical assistance is constantly available 
and may help to make such a decision. An AED is standard and 
essential equipment to improve survival in case of a cardiac 
arrest with a shockable rhythm.2,6 Yet it is not mandatory to 
have one aboard all commercial aircraft. The U.S. Federal 
Aviation Administration requires that all planes traveling to or 
from the United States carry an AED on board, while the 
European Union Aviation Safety Agency (EASA) does not.4 
EASA recommends carrying an AED according to risk assess-
ment procedures, at the discretion of the operator in charge 
(number of passengers, flight duration). Fortunately, most of 
the airlines provide an AED on board.

Respiratory symptoms are the second cause of IME. Hypoxia 
may exacerbate chronic cardiorespiratory conditions such as 
asthma, COPD, or chronic heart failure.1 Preflight medical con-
sultation is not mandatory before flight. However, patients with 
severe conditions and/or with home oxygen therapy might  
benefit from a medical examination before boarding an air-
plane.1 If necessary, companies may provide supplemental oxy-
gen on demand. Physicians must be aware that in a commercial 
aircraft, oxygen delivery systems are usually limited to a maxi-
mum flow of 4 L · min−1.1

Our study obviously suffers from certain limitations. Any 
physician, regardless of medical training, can be confronted 
with an IME; therefore, it could have been interesting to target 

Table II.  Practical Considerations and Previous Personal Experiences.

QUESTIONS
CORRECT 
ANSWER

NUMBER OF 
CORRECT ANSWERS 

N (%)
Preflight medical examination is mandatory for patients with chronic medical conditions No 953 (90%)
In the following list, which emergency is the most often encountered onboard Syncope 559 (53%)
A ground medical assistant is available 24 h per day Yes 753 (71%)
In the event of a cardiac arrest, the decision to divert a flight must be taken After ROSC* 262 (25%)
In case of an emergency the decision to divert a flight is taken by The aircraft captain 842 (79%)

YES NO
Previous personal experiences
  Have you ever assisted with an IME** (N = 1064)? 476 (45%) 588 (55%)
  Did you feel confident during your intervention (N = 476)? 245 (51%) 235 (49%)
  Do you think that a complementary training about IME** management would be useful (N = 1064)? 881 (83%) 181 (17%)

*Return to spontaneous circulation; **in-flight medical emergency.
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the whole medical community. We focused on anesthetist-
intensivists and emergency physicians because, among all, they 
are the most trained to adequately face a medical emergency. 
Even in this highly trained population, we underline the lack of 
knowledge regarding high altitude physiological changes and 
the available resources on board.

Our survey highlights that about half of the participants 
experienced an IME and, among those, half were not confident 
during their intervention. Moreover, the majority of the partic-
ipants considered that a complementary training would be ben-
eficial in order to improve IME management.

In conclusion, IME are expected to increase over the years 
and remain challenging situations for physicians. A comple-
mentary training, at least theoretical, seems necessary to 
improve IME management. For example, didactic online train-
ing courses could be offered. Another interesting tool could be 
to provide simple and clear sheets aboard airplanes summariz-
ing the main physiological changes induced by altitude and the 
optimal management of the most common emergencies.
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A Preliminary Analysis of the Costs and Benefits of 
Physical Therapy and Strength Training for Fighter 
Pilots
Christian G. Erneston; R. David Fass; Jonathan D. Ritschel; Amy M. Cox

	 BACKGROUND:	O ccupational hazards facing high performance aircraft pilots (“fighter” pilots) can cause injury, time lost from flying, and 
voluntary or involuntary career termination. The high cost of training and retaining fighter pilots has spurred interest in 
the cost effectiveness of preventative and rehabilitative health solutions.

	 METHODS:	 We investigated the potential cost effectiveness of a 5-yr, $24.9M U.S. preventative health program using equivalent 
annual worth (EAW) analysis. The program benefits were assessed with a combination of actual and estimated medical 
cost data and projected pilot retention improvement rates. Sensitivity analysis of variables such as discount rate, medical 
cost avoidance, and pilot retention improvement rate was conducted.

	 RESULTS:	A nnualized costs of approximately $5M U.S. were used as the basis of comparison for annualized benefits. A medical 
cost database was searched to find expected annual direct medical (outpatient) costs related to injury of roughly $531K 
U.S. for the pilots covered by the program. Using Centers for Disease Control recommendations, approximately $4.7M 
U.S. was estimated to be the annual work loss cost. The program would presumably reduce a significant portion of 
these annual costs, but not all. Assuming various proportions of reduced costs by the program, the EAW was found to 
be consistently negative. However, when pilot retention improvement is included, EAW is positive using conservative 
assumptions.

	 DISCUSSION:	 While outpatient and work loss costs will unlikely be completely covered by preventative health programs in this 
context, a minor improvement in pilot retention (about 1–3 additional retentions per year) produces a net positive 
annual benefit.

	 KEYWORDS:	 fighter aircrew, preventive health program, rehabilitative health solutions, cost benefit analysis, economic analysis.

Erneston CG, Fass RD, Ritschel JD, Cox AM. A preliminary analysis of the costs and benefits of physical therapy and strength training for  
fighter pilots. Aerosp Med Hum Perform. 2022; 93(8):637–642.

Occupational hazards facing high performance military 
aircraft pilots (“fighter” pilots) can cause injuries, time 
lost from flying, and, in extreme cases, voluntary or 

involuntary career termination.5,9,10 Because of the high cost 
associated with fully training fighter pilots (estimates range 
from $3M to $11M, depending upon airframe),11,15 military 
organizations such as the North Atlantic Treaty Organization 
(NATO)12 and the U.S. Air Force (USAF) are highly interested 
in mitigating those hazards. Days lost from flying can cause 
mission readiness issues and costly training delays. Addition-
ally, when pilots leave the cockpit for health reasons earlier than 
a “natural” progression rate (e.g., promotion, retirement), a 
replacement must be recruited and trained.

Risks of acute and chronic cervical spine injury are of partic-
ular interest and concern. Studies have shown that the offensive 
and defensive maneuvering required of fighter pilots increases 
the risks associated with neck and spine injuries.7,8 Maintaining 
situational awareness in this environment by turning the head 
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during high stress maneuvers requires withstanding pressure  
many times the normal force of gravity (“g” force). The use of 
night vision goggles and helmet mounted cueing systems (e.g., 
the Joint Helmet Mounted Cueing System) has been found to 
exacerbate neck pain.10 A recent meta-analysis found the preva-
lence of neck pain in the fighter pilot community (∼50%) to be 
about 10 times the prevalence in the greater population (∼5%).13

The high cost of recruiting, training, and retaining these pilots 
has spurred interest in the cost effectiveness of preventative and 
rehabilitative health solutions.11,14 Exercise interventions are 
widely accepted as the primary rehabilitative treatment modality 
for chronic musculoskeletal pain in general.3 Additionally, stud-
ies have provided preliminary evidence that rigorous strength 
training may reduce cervical injury rate and severity in fighter 
and helicopter pilots.1,2 In other words, there is evidence that pre-
ventative or “prehabilitative” exercise programs can reduce pilot 
injuries. However, the cost effectiveness of such programs has not 
been rigorously analyzed. This study is a preliminary attempt to 
address this gap in the literature by examining the cost effective-
ness of a new program launched by the USAF.

In 2017, the USAF held a Dedicated Aircrew Retention 
Team Summit (sponsored by the Aircrew Crisis Task Force). 
The summit identified 44 recommendations to aid the Air 
Force with retention challenges.15 Many of those recommenda-
tions have already been implemented, including “preventative 
medical care for back and neck injuries.” Implementation of the 
5-yr, $24.9M Optimizing the Human Weapon System (OHWS) 
program started with four bases and was then expanded in 
2020 across three commands: Air Combat Command, Pacific 
Air Forces, and U.S. Air Forces in Europe.6 The OHWS pro-
gram is designed to meet the unique physical needs of Air Force 
fighter pilots through a comprehensive “prehabilitative” physi-
cal training program that employs focused strength and condi-
tioning, physical therapy, and athletic training.6

METHODS

Data Sources and Modeling Framework
The Medical Cost Avoidance Model (MCAM), developed by 
the U.S. Army’s Institute of Public Health, provides a useful 
model for capturing medical costs for U.S. military personnel. 
Specifically, the medical costs are summed to produce total 
medical cost ( )Ct  using this simple equation (variables summa-
rized in Table I):14

= + + + +C C C C C Ct c h l f d

MCAM is specifically tailored to capture return on investment 
for prevention programs based on medical costs associated 
with specific International Classification of Disease, 9th 
Revision codes. Direct access to MCAM data was unavailable at 
the time of the study; however, the primary database it uses to 
obtain medical and treatment costs [the Force Risk Reduction 
Tool (FR2)] was available.

Much of the data for this research were obtained from the 
Military Injury Medical Treatments and Casualties dashboard 

provided by the FR2 tool, managed by the Office of the Under 
Secretary of Defense for Personnel and Readiness. The tool 
provides comprehensive roll-ups of military injury treatment 
claims data from military and nonmilitary facilities, including 
costs incurred by the military medical system to treat injuries in 
military personnel. The Force Risk Reduction tool is a 
wide-ranging database with over 400,000 records, numerous 
dashboards, and extensive filtering capabilities.

Inclusion/Exclusion Criteria
First, we filtered FR2’s Military Injury Medical Treatments and 
Casualties dashboard for branch of service, installation, and mil-
itary treatment facility. A total of 21 bases participated in the 
OHWS program, and FR2 data were available for 20. Each avail-
able installation was filtered by component and occupation. The 
component filter was set to “active duty” to exclude the reserve 
component. Additionally, the occupation filter was set to “fixed 
wing fighter/bomber pilot.” Using these filters ensured to the 
greatest extent possible only the fighter pilots eligible for the 
OHWS program comprised the data retrieved from the tool. 
Bomber pilots were excluded from the data by default; the 20 
bases for which data were collected were fighter bases (i.e., those 
bases did not have a bomber pilot population).

For the purposes of this research, both ergonomic injuries 
(e.g., caused by repeated motion, vibration, noise, etc.) and 
nonergonomic injuries (e.g., orthopedic) were included in the 
data. Anatomical locations of injuries we included in the data 
were upper extremities, lower extremities, neck, hip, spinal 
cord, pelvis and lower back, and the vertebral column. The list 
of included injury diagnoses is shown in Table II. It was not 
possible to distinguish between occupational injury (cockpit 
related) and off-duty injury (e.g., sports injury). The OWHS 
program is also not limited to the treatment of occupational 
injury, therefore the use of the filtered FR2 data set was appro-
priate for this research. However, due to the nature of the data, 
no isolated analysis was possible for occupational injuries.

Ultimately, the filtered data consisted of outpatient informa-
tion (equivalent to Cc in the MCAM). It did not contain inpa-
tient treatment costs, CH, which presumably were not extensive 
for typical musculoskeletal injuries, so we excluded this vari-
able in our calculations. Lost time cost, Cl, fatality cost, Cf, and 
disability cost, Cd, were also not included. Although fatality cost 

Table I.  The MCAM Medical Cost Components, Definitions, and 
Descriptions.

COST  
COMPONENT DEFINITION DESCRIPTION
Cc Clinic cost Outpatient Treatment

Ch Hospital cost Inpatient Treatment

Cl Lost time 
cost

Time away from work due to clinic visits, 
hospital stays, assignment to quarters, 
convalescent leave, and the limited 
ability to perform

Cf
Fatality cost Insurance and gratuity pay

Cd Disability 
cost

VA compensation disability
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is high when it occurs, we assumed it was a rare occurrence and 
excluded it. For this research, we made the very conservative 
assumption that the OHWS program would not reduce disabil-
ity cost (e.g., Veteran’s Affairs disability) and excluded it as a 
variable. However, we believe an expected reduction in disabil-
ity cost is a reasonable hypothesis for future researchers to 
explore. Because lost time costs were not included in FR2, we 
estimated them using Centers for Disease Control and 
Prevention (CDC) Cost of Injury Reports statistics.4 Injury 
work reports were obtained from the CDC that attribute aver-
age work loss costs on a per-injury basis based on anatomical 
location and type of injury.

Equivalent Annual Worth Analysis
We investigated the potential cost effectiveness of the OHWS 
preventative health program using equivalent annual worth 
(EAW). The most straightforward part of the analysis is the cost 
of the program, approximately $2.4M in setup costs and annual 
operating costs of $4.5M for 5 yr. In general, the potential medi-
cal costs that can be avoided due to the services provided to 
fighter pilots under the OWHS program will represent positive 
cash flows in the analysis (“benefits”). These benefits would 
come in the form of direct reductions in medical care costs and 
associated indirect reductions in work loss costs. Another poten-
tially quite large contribution to cost avoidance would be any 
reduction of voluntary or involuntary career termination caused 

by the program. While it is difficult to obtain precise estimates 
for any of these cost avoidance variables, conducting sensitivity 
analysis with a wide range of assumptions, from optimistic to 
extremely conservative, allows for meaningful interpretation of 
the results. For instance, if the expected annual worth of the 
OHWS program is positive under extremely conservative 
assumptions, it likely has a positive return on investment.

Other aspects of EAW analysis include the choice of the dis-
count rate and the treatment of inflation. Generally, interest 
rates used in government cost benefit analysis calculations 
come from the Office of Management and Budget Circular 
A-94. Although interest rates in recent years have been quite 
low, we chose 0–8% as a reasonable range for the discount rate 
for this study. All data used in the EAW analysis was either 
inflated to Base Year 2020 dollars or, in the case of the outyears 
of the contract, deescalated to Base Year 2020 dollars. Inflation 
indices used for this purpose were obtained from the Office of 
the Secretary of Defense raw inflation rates.

An EAW is obtained by calculating the net present value 
(NPV) and then annualizing that value with an annuity factor. 
Specifically, we calculated our EAW values using the following 
formulas:
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RESULTS

Benefits
We analyzed 2489 total injury cases over a 3-yr period prior to 
the start of the OHWS program (2016–2018) at the 20 partici-
pating bases for which data were available. Among these cases, 
the most common injuries were low back pain, with 767 cases, 

Table II.  Primary Injury Diagnoses: FR2 Data.

INJURY DIAGNOSIS
ANATOMICAL 

LOCATION
Pain in hip Hip
Sprain of hip
Strain of muscle
Pain in knee Lower extremities
Pain in ankle
Strain of muscle
Sprain of joint
Plantar fascial fibromatosis
Cervicalgia Neck
Strain of muscle
Torticollis
Sprain of joints and ligaments of neck
Low back pain Pelvis and lower back
Sprain of lumbar spine
Sacroiliitis
Pain in thoracic spine Spinal cord
Radiculopathy
Pain in shoulder Upper extremities
Pain in elbow
Pain in hand and fingers
Pain in wrist
Strain of muscle
Sprain of joint
Impingement syndrome
Cervical disc disorder Vertebral column
Intervertebral disc displacement
Cervical disc displacement
Spinal stenosis
Intervertebral disc disorder
Sprain of joints and ligaments of spine
Thoracic disc disorder
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and neck pain, with 384 cases. The “Benefits” section of 
Table III summarizes total outpatient and work loss costs asso-
ciated with these injury cases. The outpatient costs were 
obtained from the FR2 database. Work loss cost estimates were 
derived from CDC per-injury cost figures based on the ana-
tomical location of each injury.4 For the 2489 injury cases that 
we observed, the total outpatient and work loss costs were 
∼$5.2M annually. For our EAW analysis, this figure represents 
the status quo value for health care costs without the OHWS 
program. It also represents the maximum outpatient and work 
loss cost savings (“benefits”) the OHWS program could achieve, 
assuming the OHWS program completely supplanted all mus-
culoskeletal injury related health care visits.

An additional benefit we considered was the potential cost 
savings derived from an improvement in pilot retention attrib-
utable to the OHWS program. Although this benefit is not part 
of the MCAM model, the cost of training new fighter pilots is so 
high, this should not be ignored. According to a RAND study, 
the total cost of training basic qualified fighter pilots over 5 yr 
ranged from $5.6M to $10.9M (FY2018 dollars), depending on 
airframe.11 We calculated the average cost of training one 
fighter pilot to be about $8.22M over 5 yr (FY2020 dollars), 
shown in annualized terms in the “Benefits” section of Table III.

Costs
The “Cost” side of our EAW analysis is the annualized mone-
tary costs needed to fund the OHWS program—primarily the 
contract costs, but also the anticipated work loss cost. For work 
loss costs, we considered two extreme possibilities (very pessi-
mistic, very optimistic). At one extreme, we considered that 
work loss costs could be essentially the same (a “wash” cost) as 
they were prior to the new program (Table III). At the other 
extreme, we considered the possibility that the OHWS program 
may eliminate outpatient and work loss costs entirely (Table IV). 
Neither of these extremes is likely to occur, but they do 

encompass the entire range of possibilities. Sensitivity analysis 
labels in Table III (Best Case, Optimistic, Moderate, Pessimistic, 
Worst Case) correspond to different assumptions about the 
proportion of outpatient costs replaced by the OHWS program 
(100%, 90%, 50%, 10%, 0%). The corresponding sensitivity 
analysis labels in Table IV correspond to different assumptions 
about the proportion of outpatient and work loss costs sup-
planted and potentially reduced by the OHWS program. These 
values were chosen to provide a wide range of potential EAWs 
for the OHWS program (from extremely optimistic to extremely 
pessimistic).

Equivalent Annual Worth
EAW is defined as the expected annual benefit minus the 
expected annual cost. We considered discount rates between 
0% and 8%, in 2% increments, encompassing all plausible sce-
narios. Under the “wash” cost assumption for work loss costs, 
and without considering pilot retention changes, the EAW was 
consistently negative (between −$4.5M and −$5.1M per year). 
When work loss costs were assumed to be partially to com-
pletely eliminated by the OHWS program, the OHWS program 
achieved a positive EAW for the “Best Case” (between $100K 
and $237K per year), but was negative for all other levels 
(between −$300K and −$5.1M per year).

Breakeven Analysis
The “Breakeven” sections of Tables III and IV provide the 
improvement in pilot retention required for the EAW to equal 
$0. For instance, when work loss costs are a wash and a 50% 
reduction in outpatient costs (the “Moderate” case) is consid-
ered at a 2% discount rate, a 2.67 improvement in pilot reten-
tion achieves breakeven for the program (see Table III). The 
equivalent scenario in Table IV (2% EAW, Moderate) requires a 
1.35 improvement in pilot retention to achieve breakeven. 
Under the most conservative assumptions, the highest 

Table III.  Equivalent Annual Worth Summary Table (OHWS Replaces Up to 100% of Outpatient Costs; 0% of Work Loss Costs).

SUMMARY EAW 0% EAW 2% EAW 4% EAW 6% EAW 8%
Benefits (B)
  Outpatient $530,838 $530,665 $530,506 $530,360 $530,228
  Work Loss (WL) is considered a wash cost
  1 Pilot Training Year $1,644,000 $1,778,821 $1,958,698 $2,194,246 $2,500,156
Costs (C)
  OHWS Contract $ 4,980,263 $ 5,009,310 $ 5,039,099 $ 5,069,606 $ 5,100,807
Net (B − C)
  Best Case 100% $(4,449,425) $(4,478,645) $(4,508,593) $(4,539,245) $(4,570,579)
  Optimistic 90% $(4,502,509) $(4,531,712) $(4,561,644) $(4,592,281) $(4,623,602)
  Moderate 50% $(4,714,844) $(4,743,978) $(4,773,846) $(4,804,425) $(4,835,693)
  Pessimistic 10% $(4,927,180) $(4,956,244) $(4,986,048) $(5,016,569) $(5,047,784)
  Worst Case 0% $(4,980,263) $(5,009,311) $(5,039,099) $(5,069,606) $(5,100,807)
Breakeven*
  Best Case 2.71 2.52 2.30 2.07 1.83
  Optimistic 2.74 2.55 2.33 2.09 1.85
  Moderate 2.87 2.67 2.44 2.19 1.93
  Pessimistic 3.00 2.79 2.55 2.29 2.02
  Worst Case 3.03 2.82 2.57 2.31 2.04

OHWS: Optimizing the Human Weapon System; EAW: equivalent annual worth.
*Represents the improvement in pilot retention (# pilots) required for EAW to equal $0.
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breakeven ratio was 3.03. In other words, if the program indi-
rectly or directly causes three additional pilots to continue fly-
ing for the USAF (than would have otherwise), OHWS pays 
for itself.

DISCUSSION

The implications of this preliminary study are promising for 
preventative medicine programs such as OHWS. Of course, 
there are many other variables that impact pilot retention, such 
as airline hiring practices, deployment fatigue, etc., but if pre-
ventative medicine programs have even a minor impact, they 
could be sound investments.11,15,16 Certainly, the long-term 
health of fighter pilots is valuable regardless of its cost effective-
ness, but finding efficient ways to achieve this goal is worth pur-
suing for policymakers.

While we have attempted to capture estimates of direct 
effects from the OHWS program (reductions in visits, less work 
loss time), it is interesting to consider possible indirect effects. 
Would having convenient access to health care (located in the 
squadrons) improve morale? Would pilots get the message 
from leadership (and by extension, the USAF) that their wellbe-
ing matters? Could this have an impact on variables such as 
“intentions to stay in the USAF” or “organizational commit-
ment”? This psychological information could perhaps be cap-
tured with surveys and interviews, and we recommend future 
research in this area.

There were many limitations to this study. First, data were 
available for only 20 of the 21 OHWS-participating bases. 
Therefore, it is likely that our comparison costs were underesti-
mated. Second, pilot separation data that includes reasons for sep-
aration (e.g., to work for an airline, because of extended 
deployments, or because of chronic neck pain) were unavailable.16 
If this information were available, this study could have made 

reasonable estimates of likely effects from the OHWS program 
instead of attempting to encompass the entire range of possibili-
ties. Reasons for separation gathered from exit interviews or other 
means would be invaluable information for researchers and poli-
cymakers. It is possible that this information is tracked by the 
USAF, but unsystematically and in disparate locations. We recom-
mend the data be systematically gathered, cleared of any identify-
ing, health-related information, and processed to avoid any 
potential security concerns. Then it should be made available to 
researchers and policymakers. An additional limitation is that we 
did not include any estimates for disability costs, fatality costs, or 
inpatient costs. Disability costs, in particular, may be extensive 
and preventative medicine programs such as OHWS may very 
well reduce them. According to a Government Accountability 
Office report, the average Veterans Administration disability 
compensation for Department of Defense personnel was about 
$13K per year as of 2013.17 Considering that pilots are officers, it 
is likely the disability compensation is higher for them. Future 
researchers should attempt to quantify preventative health pro-
gram effects on disability.

The results of the current study indicate that from an EAW 
standpoint, preventative health programs such as OHWS have 
the potential to pay for themselves. Every circumstance is 
unique, but the MCAM framework appears to be a useful 
starting point for researchers, program managers, and deci-
sion makers to model the potential cost savings of a pro-
gram.14 In addition, factors outside the model may play an 
outsized role in capturing true benefits (as pilot retention 
improvement did in this study). While a positive EAW is a 
worthwhile objective, we caution against its use as a milestone 
or decision hurdle that must be achieved for program approval. 
Preventative health programs may have intangible benefits 
that are difficult to quantify in monetary terms. The intrinsic 
worth of such programs may be far more important than cost 
considerations.

Table IV.  Equivalent Annual Worth Summary Table (OHWS Replaces Up to 100% of Outpatient and Work Loss Costs).

SUMMARY EAW 0% EAW 2% EAW 4% EAW 6% EAW 8%
Benefits (B)
  Outpatient $530,838 $530,665 $530,506 $530,360 $530,228
  Work Loss (WL) $4,686,474 $4,685,180 $4,683,894 $4,682,617 $4,681,349
  Total $5,217,312 $5,215,845 $5,214,401 $5,212,978 $5,211,577
  1 Pilot Training Year $1,644,000 $1,778,821 $1,958,698 $2,194,246 $2,500,156
Costs (C)
  OHWS Contract $4,980,263 $5,009,310 $5,039,099 $5,069,606 $5,100,807
Net (B − C)
  Best Case 100% $237,048 $206,535 $175,302 $143,372 $110,770
  Optimistic 90% $(284,683) $(315,050) $(346,139) $(377,926) $(410,388)
  Moderate 50% $(2,371,607) $(2,401,388) $(2,431,899) $(2,463,117) $(2,495,018)
  Pessimistic 10% $(4,458,532) $(4,487,726) $(4,517,659) $(4,548,308) $(4,579,649)
  Worst Case 0% $(4,980,263) $(5,009,311) $(5,039,099) $(5,069,606) $(5,100,807)
Breakeven*
  Best Case – – – – –
  Optimistic 0.17 0.18 0.18 0.17 0.16
  Moderate 1.44 1.35 1.24 1.12 1.00
  Pessimistic 2.71 2.52 2.31 2.07 1.83
  Worst Case 3.03 2.82 2.57 2.31 2.04

OHWS: Optimizing the Human Weapon System; EAW: equivalent annual worth.
*Represents the required improvement in pilot retention (# pilots) required for EAW to equal $0.
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	 T e c h n i c a l  N ot e

Challenges in Quantifying Heel-Lift During  
Spacesuit Gait
Abhishektha Boppana; Steven T. Priddy; Leia Stirling; Allison P. Anderson

	 INTRODUCTION:	H eel-lift is a subjectively reported fit issue in planetary spacesuit boot prototypes that has not yet been quantified. 
Inertial measurement units (IMUs) could quantify heel-lift but are susceptible to integration drift. This work evaluates the 
use of IMUs and drift-correction algorithms, such as zero-velocity (ZVUs) and zero-position updates (ZPUs), to quantify 
heel-lift during spacesuited gait.

	 METHODS:	 Data was originally collected by Fineman et al. in 2018 to assess lower body relative coordination in the spacesuit. IMUs 
were mounted on the spacesuit lower legs (SLLs) and spacesuit operator’s shank as three operators walked on a level 
walkway in three spacesuit padding conditions. Discrete wavelet transforms were used to identify foot-flat phase and 
heel-off for each step. Differences in heel-off timepoints were calculated in each step as a potential indicator of heel-lift, 
with spacesuit-delayed heel-off suggesting heel-lift. Average drift rates were estimated prior to and after applying ZVUs 
and ZPUs.

	 RESULTS:	H eel-off timepoint differences showed instances of spacesuit-delayed heel-off and instances of operator-delayed heel-
off. Drift rates after applying ZVUs and ZPUs suggested an upper time bound of 0.03 s past heel-off to measure heel-lift 
magnitude with an accuracy of 1 cm.

	 DISCUSSION:	 Results suggest that IMUs may not be appropriate for quantifying the presence and magnitude of heel lift. Operator-
delayed heel-off suggests that the SLL may be expanding prior to heel-off, creating a false vertical acceleration signal 
interpreted by this study to be spacesuit heel-off. Quantifying heel-off will therefore require improvements in IMU 
mounting to mitigate the effects of SLL, or alternative sensor technologies.

	 KEYWORDS:	 spacesuit, gait, biomechanics, inertial measurement, extravehicular activity.

Boppana A, Priddy ST, Stirling L, Anderson AP. Challenges in quantifying heel-lift during spacesuit gait. Aerosp Med Hum Perform. 2022; 
93(8):643–648.

Future planetary spaceflight missions will require spacesuits 
which not only provide life support and environmental 
protection for crewmembers, but allow for mobility to per-

form extravehicular activity (EVA) tasks. However, spacesuit 
operators frequently report difficulty in working with the space-
suit during EVAs and on-ground training sessions, leading to 
occupational injuries risking mission success.4 Poor opera-
tor-spacesuit interaction is a symptom of improper fit, hypothe-
sized as one of the leading causes of spacesuit injuries.4 Improper 
fit can be a factor of misalignment between the operator’s and 
spacesuit’s joints (indexing), and excessive internal gaps between 
the operator and spacesuit (sizing).6,12 Poor indexing can lead to 
overuse of operator joints, risking musculoskeletal injury. Both 
poor indexing and poor sizing can lead to excessive internal 
contact between the operator and spacesuit, risking contact 

injuries such as bruising and abrasions.4 As future spacesuit 
designs aim to reduce injury risk, they should target fit issues by 
understanding operator-spacesuit interactions.

Operator-spacesuit interactions have been shown to be 
dynamic and are best evaluated objectively with regards to the 
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task the operator is expected to perform in the spacesuit.6,12 
Future planetary surface exploration EVAs will rely on crew-
member ambulation, requiring that crewmembers are able to 
walk comfortably in their spacesuits. Therefore, designing 
spacesuits to accommodate lower body and foot motion while 
properly fitting an anthropometrically diverse range of crew-
members is crucial in reducing injury risk during suited 
ambulation.

Ground-based testing of the Mark III Advanced Space Suit 
Technology Demonstrator EVA Suit (MK III) has resulted in 
subjective reports of heel-lift, where the operator’s heel rises 
inside the boot before the boot’s heel lifts off the ground at heel-
off.6 Heel-lift can be represented as a lag between the operator’s 
and spacesuit’s heel-off times, and is an indicator of improper 
fit; the statically-determined indexing between the operator’s 
and spacesuit’s ankle joints does not allow for dynamic align-
ment during heel-off. Since the foot freely moves within the 
boot during heel-lift, this could lead to injury through excessive 
contact or ankle joint overuse when taking a step. Foot contact 
injuries and discomfort were reported during simulated plane-
tary walkback testing with prototype boot designs.4 Designing 
a planetary spacesuit boot to mitigate heel-lift requires a quan-
titative understanding of its presence and magnitude. However, 
heel-lift has only been subjectively reported by spacesuit 
operators and has yet to be quantified through in-suit motion 
measurement techniques.

Various sensor technologies have been used to estimate 
relative motion between the spacesuit and operator, including 
pressure sensors,4 strain sensors,13 and inertial measurement 
units (IMUs).2,6 IMUs measure acceleration, angular velocity, 
and magnetic field; estimating orientation from these values. 
IMU Spacesuit applications include Fineman et al.’s6 analysis 
of in-suit lower-body angular velocities of subjects walking 
with the MK III spacesuit, and Bertrand et al.’s2 estimation of 
in-suit upper-body joint angles during isolated joint motions. 
IMUs can detect heel-off points during gait,7,11 and therefore 
may be able to identify heel-lift instances where spacesuit 
heel-off lags operator heel-off. However, IMUs can be subject 
to error in their orientation estimates due to the magnetic 
field inside the spacesuit environment, and integration drift 
when calculating linear displacement and velocity quantities 
from acceleration measurements. Digital filtering methods, 
zero-velocity (ZVUs), and zero-position updates (ZPUs) have 
been used in the biomechanics field to correct for integration 
drift at every step,5,11 but these methods have not been 
evaluated in their ability to be robust against spacesuit-
environment induced error.

Therefore, this work aimed to evaluate the ability of IMUs, 
ZVUs, and ZPUs to quantify the frequency and magnitude of 
heel-lift in the spacesuit. Heel-off times were detected using 
spacesuit lower leg and operator shank IMU data during suited 
walking trails. Delayed spacesuit heel-off times compared to 
operator heel-off times were identified as potential occurrences 
of heel-lift. Then, ZVUs and ZPUs were evaluated for their 
ability to reduce integration drift and reliability quantify the 
heel-lift magnitude.

METHODS

Data Collection
Experimental data collected by Fineman et al.6 was reanalyzed 
for this study. Subject naming was kept consistent with Fineman 
et al.6 for cross-reference of results, with subjects numbered 2-4 
as Subject 1 did not complete all trials. IMUs were placed on 
corresponding locations on the lower body of the spacesuit and 
operator (Fig. 1). Padding levels varied across configurations,6 
but were not expected to affect boot fit. It is assumed that the 
IMUs’ x-axis was aligned with the long-axis of the shank and 
SLL; this axis was considered the vertical task axis. Three sub-
jects walked in the MK III spacesuit along a 10-m walkway in 
each of four conditions: unsuited, MK III with no padding 
(configuration 0), MK III with one padding layer (configura-
tion 1), and MK III with two padding layers (configuration 2). 
All subjects wore the same size MK III lower body assembly, but 
Subject 3 wore a BOA-laced boot with fit adjustment at the 
tongue and heel, while other subjects wore a standard strap-
laced boot with only tongue fit adjustment. This work only ana-
lyzed a total of 216 suited trials, each with data from the left and 
right sides of the operator and spacesuit, yielding 432 datasets 
to analyze. Data from Subject 2’s left leg during configuration 2 
was not included due to data loss from the IMU.

Data Analysis
The IMUs’ vertical acceleration along the shank and SLL’s long 
axis, and the IMUs’ pitch angle data were analyzed. It was 
assumed that the shank and SLL have a rigid connection to 
their respective ankle joints. Therefore, the difference between 
the shank’s and SLL’s vertical position taken after the operator’s 
heel-off time is the magnitude of heel-lift. Data analysis focused 
on isolating each individual step from the dataset, detecting 
heel-off points for the operator and spacesuit, and then imple-
menting drift correction techniques to measure the vertical 
position of the shank and SLL.

Fig. 1.  Location of IMUs (squares, placed on both the spacesuit and 
operator) and padding (gray). The sacrum IMU is placed on the back of the 
operator and spacesuit, where the upper-most black band is located, and 
is therefore out of view in this diagram. The table on the right outlines the 
IMUs’ corresponding locations between the operator and spacesuit.

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-05



IMUs TO QUANTIFY HEEL-LIFT—Boppana et al.

AEROSPACE MEDICINE AND HUMAN PERFORMANCE  Vol. 93, No. 8  August 2022    645

Individual steps in each trial were identified to begin analy-
sis. The shank and SLL IMUs’ pitch angles were smoothed using 
a 10-sample window moving average filter. Individual steps 
for each trial were then identified by detecting peaks in each 
IMU’s pitch angle, corresponding to the max posterior flexion/
extension of the shank/SLL during swing phase. Each step was 
defined as the time between each step’s max extension to the 
following step’s max extension. The first and last peaks of the 

trial were removed from further analysis to ensure only com-
plete steps were analyzed.

Foot-flat phase, where the foot is flat between toe-strike and 
heel-off, was identified to discriminate heel-off events. This 
phase is characterized by near-zero anterior-posterior accelera-
tion; since the foot is flat on the ground, there is very little verti-
cal movement of the shank.11 Raw shank and SLL IMUs’ vertical 
acceleration data was preprocessed for foot-flat detection by 

Fig. 2.  (Top): DWT IMU vertical acceleration data for shank and SLL. Shaded regions represent the detected foot-flat phases of zero-acceleration regions for each 
step. (Middle) Zoomed-in view of the foot-flat phase for two steps, with annotated spacesuit and operator heel-off points. When the shank IMU registers a verti-
cal acceleration in foot-flat phase prior to the SLL IMU (middle-left), this could suggest heel-lift (bottom-left). When the SLL IMU registers a vertical acceleration in 
foot-flat phase prior to the shank IMU, this would ordinarily suggest that the SLL experiences heel-off prior to the operator (middle-right). However, there may be 
pressure forces which allow the SLL to extend, registering a vertical acceleration for the SLL-mounted IMU and falsely suggesting that the spacesuit is experienc-
ing heel-off (bottom-right).
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de-trending to remove bias by removing the best straight-fit line 
from the data vector. A 30-sample window moving average fil-
ter, equivalent to 0.23 s, was then used to remove noise, within 
the range used for walking-speed estimation.3

Discrete wavelet transforms (DWT) were used to detect gait 
events from acceleration signals.9 A 3-level DWT was applied to 
the preprocessed shank and SLL anterior-posterior acceleration 
signals. A Symlets 2 wavelet was then used as the mother wave-
let for the transform, due to its high performance in detecting 
initial-contact and final-contact points during stance phase.9 
After transforming to wavelet space, a threshold was applied 
where values below 2% of the maximum wavelet coefficient 
were set to zero. The wavelet coefficients were then recon-
structed back into a signal and used to detect foot-flat phase.

Foot-flat phase was detected by looking for the zero regions 
in the shank and SLL’s acceleration’s derivative.10 A threshold of 
0.01 m · s−1 was set to account for small amounts of noise in the 
DWT signal.3 Acceleration points within this threshold were 
identified as zero-acceleration points. Zero-acceleration points 
less than 3 samples long were removed, since foot-flat phase is 
expected to be much longer. Fig. 2 shows an example of isolat-
ing foot-flat phase from DWT transformed signals. The differ-
ence in shank and SLL heel-off times was used to detect 
instances of heel-lift; a positive value corresponds to operator 
heel-off prior to spacesuit heel-off, suggesting heel-lift. Heel-off 
lag times < -0.2 s and > 0.2 s were manually inspected, and if 
detection times were visually noted to be misaligned with the 
zero-acceleration period, these steps were removed from analy-
sis. A total of 32 of the 1381 steps met the criteria for removal.

The vertical acceleration signals from the IMUs are subject 
to integration drift when converted into positional estimates 
using double integration. The raw vertical acceleration signals 
were preprocessed by a 10 Hz low-pass filter to remove high-
frequency noise.1 ZVU and ZPUs were used to reduce integra-
tion drift and improve the accuracy of the positional estimate of 
the shank and SLL. It is assumed that the shank and SLL’s verti-
cal velocities were zero just prior to heel-off, when the operator 
and spacesuit are in stance phase. Using this assumption, a lin-
ear correction is applied retroactively for each step between 
heel-off times. At the identified heel-off times, the vertical 
velocity was set to zero, and the vertical velocity during the step 
prior to heel-off was subtracted by the velocity reported at heel-
off weighted based on the distance from the heel-off timepoint. 
The following step’s vertical velocity was then corrected to the 
heel-off velocity. This process is summarized in Eq. 1:
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where at timestep ti , vx i,′  is the corrected velocity, vx i,  is the 
original velocity, vHOc

 is the velocity at heel-off, tHOp
 is the pre-

vious step’s heel-off timepoint, and tHOc
 is the current step’s 

heel-off timepoint. Integrating the corrected velocity signal to 

obtain the IMU’s position can similarly be subject to integration 
drift. It was assumed during stance phase that both the opera-
tor’s foot and the spacesuit boot are flat on the ground and 
therefore the shank and SLL are not moving vertically. ZPUs 
can use this to correct for drift by zeroing the position estimate 
for both the SLL and shank at heel-off. The shank and SLL were 
assumed to be rigidly connected to their respective ankle joints. 
Heel-lift magnitude can be then defined as the vertical displace-
ment difference between the shank and the SLL at the SLL’s 
heel-off timepoint.

Drift is not completely eliminated with the outlined meth-
ods. An upper bound was calculated to inform the time limit 
past the heel-off correction point where heel-lift magnitude 
can be quantified with confidence that the magnitude is not 
largely due to drift. While drift is not a linear process, an 
assumption was made that calculating the drift magnitude 
between two known timepoints, and dividing by the elapsed 
time, would be a reasonable approximation to quantify drift 
accumulation. During stance phase, it was expected that both 
the SLL and shank would have the same vertical position at 
toe-strike and heel-off. During swing phase, it was expected 
that both IMUs would return to the same vertical position 
after each step. Drift magnitude was calculated for each 
detected step by subtracting the post-ZVU/ZPU position val-
ues at the beginning and end of stance phase and swing phase 
from each other, and then dividing by time of each phase to 
average drift rate. This rate represents the amount the IMU’s  
positional estimate has drifted over each phase following  
correction from ZVU/ZPUs, when it is expected to return to 
zero. Analyzing the distribution drift rates across all trials 
allowed for the upper time-bound to be defined where drift 
magnitude is minimal and can ensure accuracy in the calcu-
lated position values.

RESULTS

Fig. 3 shows the distribution of heel-off lag measurements 
across conditions, subjects, and sides. Subject 2 experienced 
spacesuit-delayed heel-off in 97 [20 left (13%), 77 right (33%)] 
out of 382 (151 left, 231 right) total steps. Subject 3 experienced 
spacesuit-delayed heel-off in 305 [155 left (76%), 150 right 
(73%)] out of 410 (204 left, 206 right) total steps. Subject 4 

Fig. 3.  Heel-off lag distributions between all subjects and configurations, 
with discrete heel-off lag measurements being represented as black dots. 
Positive lag values are indicative of spacesuit-delayed heel-off, while nega-
tive lag values are indicative of operator-delayed heel-off.
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experienced spacesuit-delayed heel-off in 45 [21 left (9%), 24 
right (10%)] steps, and operator-delayed heel-off in 226 [87 left 
(37%), 139 right (57%)] steps out of 481 (237 left, 244 right) 
total steps.

Mean drift rates after correction for both the SLL and shank 
IMUs are presented in Table I. An upper confidence bound of 
0.03 s (1/32 cm · s−1) was found to take a heel-lift measurement 
with an accuracy of 1 cm, based on the mean shank IMU swing 
phase. Average step duration across all trials was 1.6 ±  0.2 s; 
therefore, drift accumulated over 1 cm on average within 2% of 
the step duration.

Heel-lift magnitude was not calculated due to the opera-
tor-delayed heel-off lag noted in Subject 4, and high drift rates 
following correction resulting in a low upper time-bound for 
calculating heel-lift magnitude after heel-off.

DISCUSSION

This study aimed to evaluate the use of IMUs with ZVUs and 
ZPUs to quantify heel-lift in spacesuit gait. Methods were 
demonstrated to determine heel-off points on the shank and 
SLL IMU; where a lag in the spacesuit’s heel-off point compared 
to the operator’s heel-off point would suggest heel-lift. All sub-
jects experienced varying amounts of spacesuit-delayed heel-
off across conditions, regardless of padding levels. Subject 2 had 
more counts of spacesuit-delayed heel-off on their right com-
pared to their left side (33% vs. 13%); this could be due to looser 
boot or spacesuit leg fit on their right side. Heel-lift was subjec-
tively reported only by subject 2.6 Only subject 4 experienced 
operator-delayed heel-off. Examples of both operator-delayed 
and spacesuit-delayed heel-off are shown in Fig. 2.

Operator-delayed heel-off is theoretically impossible; when 
the spacesuit’s boot rises during the spacesuit’s heel-off time-
point, it will push on the operator’s heel, registering a simultane-
ous operator heel-off timepoint. The SLL’s soft goods can expand 
and contract in length due to internal pressure forces or interac-
tions from the knee or femur.8 Longitudinal restraint straps are 
employed in spacesuit design to balance tension and pressuriza-
tion forces at joints, but are not usually integrated along non-
bending components such as the SLL.8 Therefore, the initial 
assumption that the SLL is rigidly connected to the boot is bro-
ken. False-positive vertical accelerations due to segment length-
ening are not a concern for the shank-mounted IMU, as the 
shank and ankle are rigidly connected and the IMUs are assumed 
to be rigidly strapped to their segments. While soft-tissue arti-
facts may be present, they are likely of a much smaller magnitude.

The SLL may be expanding in length for Subject 4 at heel-
off, causing the IMU mounted on the SLL to register a positive 
acceleration prior to the operator. Subject 4 wore the same size 
suit lower assembly as other subjects but had taller crotch and 
knee heights. As such, there would be more room in the lower 
leg assembly for the soft goods to expand, providing a possible 
explanation for why only Subject 4 experienced operator-
delayed heel-off.

A tighter boot fit, where the heel stays indexed in the boot, 
allows the operator to overcome expansion forces that push 
the SLL down, resulting in the SLL extending upwards and 
registering as operator-delayed heel-off. In contrast, loose 
boot fit will not allow the operator to overcome these forces, 
and will push the boot down, keeping it on the ground and 
registering as spacesuit-delayed heel-off. Fineman et al.6 sum-
marized that Subject 4 had synchronous motion of the shank 
and SLL between heel-off and toe-off; Subjects 2 and 3 had 
motion driven by the suit, suggesting heel-lift. Data from this 
study similarly suggests that Subjects 2 and 3 experienced 
more instances of spacesuit-delayed heel-off than Subject 4. 
Therefore, Subject 4 may have had a tighter boot fit as indi-
cated by operator-delayed heel-off, and operator-delayed 
heel-off may serve as an indicator for tighter boot fit. Spacesuit 
boots are graded for a range of sizes (ex. US 8-10), which may 
not fit as precisely as terrestrial shoes and could contribute to 
poor boot fit.

Findings from this study suggest that current IMU 
technology and drift correction techniques alone may not be 
appropriate for quantifying the presence and magnitude of 
heel-lift in the spacesuit environment. Drift evaluation showed 
that the SLL-mounted IMUs had higher drift rates than the 
shank-mounted IMU. Potential sources of increased drift could 
be effects from the SLL segment’s soft-goods expansion and 
contraction,6,8 resulting in different frequency components 
compared to the shank’s movement. While ZVUs and ZPUs did 
substantially reduce drift in stance and swing phase, drift was 
still present in this study. Heel-lift magnitude measurements 
could not be taken with confidence that magnitude differences 
would be due to heel-lift. Future work may explore the extent of 
soft-goods expansion on spacesuit kinematics analysis, which 
may affect positional estimates from optical motion capture. 
IMUs have been shown to measure spacesuit angular kinemat-
ics with a root-mean-squared error of 4.8–5.8°2 and were used 
to characterize relative angular coordination within the suit,6 
but have not been evaluated for accuracy in spacesuit positional 
estimates as conducted in this study. Suit components should 
only expand longitudinally and should, therefore, not affect 
angular estimates.8 Other sensing modalities or improvements 
to IMU mounting may be more appropriate in quantifying the 
vertical displacement that defines heel-lift.

Characterization of in-suit motion is desired to develop 
comfortable and safe planetary EVA spacesuits. This study 
highlighted the challenges of using IMUs to measure in-suit 
motion, concluding that IMUs may not be appropriate for 
measuring in-suit displacement at the magnitude expected 
during heel-lift. The primary assumption that the SLL was 

Table I.  Drift Rate Estimations (Mean ± SD) Of Raw, Filtered, and Post-ZVU/
ZPU Positional Estimates for IMUs Mounted on the Spacesuit Lower Leg 
Assembly and Shank.

PHASE IMU RAW ZVU/ZPU
Stance Shank 43 ± 63 cm · s−1 5 ± 6 cm · s−1

SLL 241 ± 130 cm · s−1 16 ± 11 cm · s−1

Swing Shank 67 ± 59 cm · s−1 32 ± 16 cm · s−1

SLL 265 ± 103 cm · s−1 66 ± 40 cm · s−1
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rigidly connected to the ankle joint was not supported; the 
observed operator-delayed heel-off suggests that the SLL is 
vertically extending during gait. Fineman et al.6 hypothesized 
that lower-body relative coordination may be affected by boot 
fit issues. Future work can characterize SLL extension 
throughout the gait cycle, further understanding the forces 
acting on the SLL due to fit. Sensor technologies can also be 
evaluated to study heel-lift, such as resistive or capacitive force 
sensors mounted under the heel to directly measure heel con-
tact, or strain sensors mounted between the human and suit 
to measure displacement. Such methods can be used to evalu-
ate spacesuit components susceptible to injury, such as the 
gloves or upper torso.4 IMUs can be mounted directly to the 
boot to isolate ankle kinematics from SLL lengthening and 
accurately detect heel-off points using the presented methods 
and assumptions. Force plates can directly identify spacesuit 
heel-off points, therefore not requiring suit-mounted IMUs. 
Developing and evaluating various in-suit motion measure-
ment techniques will help improve spacesuit design and fit, 
reducing the risk of injury and ensuring mission success for 
future planetary EVAs.
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	 INTRODUCTION:	 It has been proposed that pilots face a perceived barrier to seeking medical care due to what a change in health 
status might mean to their status as a pilot. While this is often common knowledge to pilots and some physicians, 
this phenomenon has limited research or characterization in the medical literature. In this commentary, we propose a 
definition for the barrier pilots face in seeking healthcare in hopes of focusing future research efforts.
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A recent summit with representatives from across aviation 
met to discuss an important question: why are certain 
pilots not getting the mental healthcare they apparently 

need? The death of an undergraduate aviation student in what 
was thought to be an aircraft-assisted suicide10 precipitated the 
gathering, though similar tragedies have made their way into 
the news over the years.8 While this sort of incident is relatively 
rare, it speaks to a broader problem. A subgroup of pilots suffer 
from symptoms related to mental health conditions7 and a pro-
portion may go untreated.

Mental health conditions are generally treatable and people 
can get better. As physicians caring for patients, it is hard not to 
ask the obvious question: Why are pilots suffering from a treat-
able condition? Pilots and some physicians may have a reflexive 
answer to that question: certain pilots are worried about seeking 
medical care because of what a change in health status might 
mean to their status as a pilot (when reported during a regula-
tory medical exam as required by 14 CFR 61.53).3 Specifically, if 
a pilot reports a new medical symptom or condition, they may 
temporarily or permanently lose their medical certificate. 
Beyond the potential professional or social repercussions, such 
an event could lead to an expensive and time-consuming med-
ical evaluation with costs that often fall on the pilot. While this 
certainly may be the case for mental health conditions, it likely 
extends to other medical issues too.5

While some suggest that pilot healthcare-seeking anxiety is 
common knowledge, it has limited reference in the medical lit-
erature. A brief review of some of the available data includes a 
2019 cross-sectional study of 613 U.S. military, commercial, 
and general aviation pilots which reported that 78.6% disclosed 
a history of ever feeling worried about seeking medical care and 

60.2% reported forgoing or delaying care due to concerns 
related to their status as a pilot.5 A follow-on subanalysis 
showed that female pilots were more likely than female non-
pilots to delay medical care if they developed new symptoms of 
chest pain.4 These findings are not unique to civilian pilots.  
A 2019 study of 173 active duty U.S. Air Force pilots showed 
that only 38% felt comfortable sharing a potentially disqualify-
ing medical concern to their flight surgeon.6 These findings 
seem to be accounted for by established frameworks of health-
care usage.1 The Andersen Behavioral Model of Health Services 
Use has undergone multiple iterations since its initial publica-
tion in in the 1960s with an aim to: 1) understand why people 
use healthcare services; and 2) aid in the development of poli-
cies that permit equitable access to healthcare.2,9 In applying 
this expanded model to pilots, multiple psychosocial factors in 
the framework (defined as factors that influence decision mak-
ing of planned or intended health behavior) could provide par-
tial explanations for these findings.9 These factors include the 
attitudes of pilots (i.e., the perceived likelihood of regaining an 
aeromedical certificate once lost), social norms (i.e., the perceived 
change in identification in the face of aeromedical certificate loss), 
and perceived control (i.e., the subjective loss of autonomy while 
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awaiting a waiver or special issuance, subsequent anxiety about 
the process, or lack of knowledge about the special issuance 
process, etc).

Balancing aviator autonomy against an aviator’s risk to others 
has long been at the heart of the historical duty of a flight sur-
geon. But while safety certainly must be the foundation, we 
argue that further research should be done to understand ways 
to lower the barrier pilots face when seeking care in hopes of 
encouraging early intervention when needed. While there are 
likely no easy solutions, aerospace medicine physicians have the 
opportunity to be leaders in this important issue, including 
advocating for: 1) rigorous epidemiological research to charac-
terize such a barrier; and 2) prospective research on potential 
interventions that might permit care-seeking while maintaining 
safety. Such an effort could have implications in preventative 
medicine for aviators (i.e., opportunities for early and potentially 
less expensive intervention to manage a new diagnosis), safety 
(i.e., the identification of otherwise undisclosed medical symp-
toms or conditions), and pilot quality of life (i.e., from a pilot’s 
perspective, lowering the perceived risk of seeking medical care).

Research on this topic will likely take place in different set-
tings, so a single definition becomes necessary. The need for 
such a definition became clear at a recent pilot mental health 
summit where researchers and industry leaders from around 
the United States gathered to discuss an effort moving forward. 
To our knowledge, there is no existing definition for the barrier 
pilots face when seeking medical care, so we propose one here.

Pilot healthcare barriers are factors that impede healthcare- 
seeking behavior by individuals who hold a pilot certificate. 
These barriers include perceptions about potentially negative 
consequences of new health information on future ability to per-
form piloting duties.
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T H I S M O N T H I N A E R O S PAC E M E D I C I N E H I S TO RY

AUGUST 1997
Human research subjects (74th Medical Group and Armstrong 
Laboratory, Wright-Patterson AFB, OH): “The U.S. Air Force has 
enjoyed the luxury of having dedicated human volunteer subjects 
for sustained and impact acceleration research for over 50 yr. 
However, with today’s world economy and budgetary cutbacks, 
this may no longer be a viable option. The onslaught of advanced 
medical technology, combined with an increasing performance 
envelope for aircraft and their ejection systems, have created an 
environment where the validity of research data and the ethics of 
human-use research are being challenged. Now is an opportune 
time to reevaluate the way human-use aeromedical research is 
conducted. The validity of using nonpilots in lieu of pilots in 
aeromedical research is discussed in light of the following: a) the 
increased emphasis on performance metrics within sustained 
acceleration; b) the matching of human subjects (nonpilots) to 
pilots in the appropriate attributes to ensure validity of data; 
c) degree of medical screening required given the ethics of 
human-use research and concerns of pilots; and d) the challenge 
of evaluating the ‘value added’ of new technology for medical 
screening. It is concluded that volunteer panels should be 
maintained with nonpilots matched with pilots physically and 
psychologically such that operational performance characteristics 
are similar.”3

AUGUST 1972
Fasting and hypoxia (Defense and Civil Institute of Environmental 
Medicine, Downsview, Ontario, Canada): “Blood pressure response 
to moderate hypoxia was compared in a fasting and a control 
(non-fasting) state in 10 seated subjects. End-tidal gas tensions 
were monitored continuously in the tests. In the control state the 
mean BP (MAP) was 98% (P < 0.2) of its resting value after  
45 minutes of exposure to a simulated altitude of 17,000’. When 
exposed to the same stress after fasting for 18 hours, the MAP fell 
to 87% (P < 0.01) of its resting value. The mean end-tidal PO2 was 
significantly lower in the fasting state…

“We conclude that acute fasting significantly increases the 
orthostatic, hypotensive response to moderate hypoxia. This syn-
ergistic effect was sufficient to induce a syncopal attack in one 
normal individual during stress by moderate hypoxia while fasting, 
and this subject’s recovery was delayed for more than 20 minutes 
after return to breathing room air.”1

Medical aspects of airport design (Office of Aviation Medicine, 
Federal Aviation Administration, Washington, DC): “The flight sur-
geon and other aviation medicine specialists are being involved to 
an increasing extent in the design and operation of major aircraft 
terminals. Accordingly, a series of biologically supported design 
features are suggested for incorporation in terminal design. 
Especially involved are considerations of physically handicapped 
persons, chronically ill persons, small children, the elderly and 
infirm and the emotionally disturbed. Specific principles are incor-
porated in the design guide for accommodating the above groups.”2

AUGUST 1947
Illusions in flight (University of Hawaii and Naval School of Aviation 
Medicine, Pensacola, FL): “The illusions reported in the study 

[reviewing 67 pilots with 77 instances] are of five general types 
which, in practice, are not always separable; namely, visual, 
non-visual, conflicting sensory cues, dissociational or recogni-
tional, and emotional. Visual illusions include confusion of lights, 
splitting of lights (diplopia), autokinesis, depth perception, relative 
motion, and perspective illusions. There is also evidence that visual 
hallucinations occasionally occur. Non-visual illusions include 
failure to perceive rotation itself, or the after-effects of rotation, 
or both, false sensations, after-effects of rotation, and correct 
perception with wrong reference point. There may also occa-
sionally be non-visual hallucinations. Illusions resulting from 
conflicting sensory cues may occur in the visual field, in the 
non-visual field, or in combinations of the two. Dissociational or 
recognitional illusions include phenomena of jamais vu, déjà vu, 
loss of sense of direction, and loss of the sense of time. General 
emotional disturbance is non-specific and results in generalized 
disorientation, including perceptual, rather than in specific illu-
sions occurring in flight affords insight into the environment of 
the aviator, and the adjustment of the aviator to that environment. 
Adjustment to the flight environment has two aspects, erroneous 
response to environmental cues (such as illusions), and the 
psychological, or emotional and cognitive state of the aviator.”4

My bubbles! (Ohio State University, Columbus, OH): “Animals 
subjected to explosive decompression and subsequent exposure 
to reduced barometric pressures were examined for evidence of 
intravascular gas bubbles. Of thirteen guinea pigs which died 
during such exposure, seven showed intravascular gas bubbles  
after recompression and autopsy. No bubbles were found in animals 
surviving the exposure. It is believed that the bubbles observed 
may have been the result rather than the cause of the fatalities. 
Intravascular bubble formation is considered to be a negligible 
hazard in explosive decompression.”5[Editor’s note: Oh, how our 
knowledge has changed.]
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[254] MULTIPLE SCLEROSIS IN CIVIL AVIATORS: CASE SERIES
Johana Giraldo1, Giancarlos Conde2, Alexandra Mejia1, Maria Angelita
Salamanca3, Patricia Barrientos3
1National University of Colombia, Bogotá, Colombia; 2Universidad de
Cartagena, Universidad Rafael Nuñez, Cartagena, Colombia; 3Aerocivil - Civil
Aviation Authority, Bogotá, Colombia
[257] CARDIOVASCULAR RISK ESTIMATION IN CIVIL AIRCREW: AN OBJEC-
TIVE ANALYSIS
Devdeep Ghosh1, SS Rao2
1Institute of Aerospace Medicine, Bangalore, India; 2AFCME, New Delhi, India
[287] A STUDY ON THE EFFECT OF SURYANAMASKAR ON ORTHOSTATIC
TOLERANCE AND NEUROVESTIBULAR FUNCTIONING UPON EXPOSURE TO
SIMULATED MICROGRAVITY CONDITION
Gaurab Ghosh, Rahul Pipraiya, Biswajit Sinha
Institute of Aerospace Medicine, Indian Air Force, Bangalore, India
[290] OPERATIONAL NVG FLYING: TIME TO VISUAL ADAPTATION UNDER
VARIOUS ILLUMINATION CONDITIONS POST DE-GOGGLING
Binu Sekhar Miraj, Vijay V. Joshi, Neeraj Kumar Tripathy
Institute of Aerospace Medicine, Bangalore, Karnataka, India
[295] RISK MANAGEMENT OF INSULIN TREATED DIABETICS IN CANADA
Rani Tolton1, Edward Brook2
1Transport Canada, Vancouver, British Columbia, Canada; 2Transport Canada,
Ottawa, Ontario, Canada
[298] STUDY ON THE HEALTH STATUS AND OUTCOME OF AGING PILOTS
OF A JAPANESE MAJOR AIR CARRIER DURING THE 5 YEARS FROM 60
YEARS OF AGE
Kazunori Takazoe, Hideho Gomi
Japan Aeromedical Research Center, Tokyo, Japan
[306] BLADES OF GLORY: HEMS PAST, PRESENT, AND FUTURE
Woodrow Sams
Mayo Clinic, Rochester, MN, United States
[325] MEDICAL DIRECTION AT A COMMERCIAL SPACE COMPANY
Anil Menon
SpaceX, Houston, TX, United States
[331] HYPOXIA SIGNATURE: A USEFUL TOOL FOR HYPOXIA RECOGNITION
AMONG AIRCREW
Shivani Kasture, Nataraja MS, Sudhanshu Mohapatra, Biswajit Sinha
Institute of Aerospace Medicine, Bengaluru, India
[333] HYPOBARIC HYPOXIA MIMICS CARDIAC ISCHEMIA IN THE HISTO-
LOGICAL EXAMINATION OF AN AIRCRAFT ACCIDENT VICTIM
Michael Schwerer
Air Force Centre of Aerospace Medicine, Fuerstenfeldbruck/Cologne, Germany
[386] DoDMERB e-MEDICINE BUSINESS MODELING PROCESS FOR OFFICER
APPLICANT MEDICAL QUALIFICATION DETERMINATION
Michael Rappa, Glenn Dowling, Kenneth Kuhn, William Mann, Lawrence Mullen
Defense Health Agency, Colorado Springs, CO, USA
[399] SEARCHING FOR RESILIENCE: SELF-ASSESSED COGNITIVE AND PSY-
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CHOMOTOR FACTORS RELATED TO THE PERFORMANCE OF DAMAGE
CONTROL SURGERY IN WEIGHTLESSNESS
Andrew Kirkpatrick1, Jessica Mckee1, Heather Wright Beatty2
1University of Calgary, Calgary, Alberta, Canada; 2NRC-CNRC, Ottawa, Canada
[401] RELIABILITY AND VALIDITY OF NASA’S HUMAN FACTORS AND BE-
HAVIORAL PERFORMANCE EXPLORATION MEASURES (HFBP-EM) IN ISO-
LATED, CONFINED, AND EXTREME TEAMS
Carolyn Cunningham1, Nathan Smith2, Emma Barrett2, Pete Roma3, Robert
Wuebker4
1University of Warwick, Coventry, United Kingdom; 2University of Manchester,
Manchester, United Kingdom; 3Leidos/Naval Health Research Center, San
Diego, USA; 4University of Utah, Salt Lake City, UT, USA 
[409] BREATHING RHYTHM COMPLEXITY AS AN INDICATOR TO RESPIRA-
TORY COMPROMISE FOR FUTURE FLIGHT DECK SYSTEMS
Jeremy Prieto1, Rheagan Horne1, Chad Stephens2, Kellie Kennedy2, Nicholas
Napoli1
1University of Florida, Gainesville, FL, USA; 2NASA Langley Research Center,
Hampton, Virginia, USA
[422] PANDEMIC RATIO TRACKING: PREDICTING PANDEMIC TRAJECTO-
RIES
Walter Dalitsch
Naval Medical Research Unit - Dayton, Wright-Patterson AFB, OH, USA 
[444] WORLD WAR I BRITISH FLYING ACE EXTRAORDINAIRE, MAJOR ED-
WARD “MICK” MANNOCK, VC, DSO, MC: DID HE REALLY HAVE ONLY ONE
GOOD EYE?
Adrien Ivan1, Douglas Ivan2, Thomas Tredici3
1Vernon College, Wichita Falls, TX, USA; 2ADI Consultants, San Antono, TX, USA;
3(Posthumously) University of Texas Health Sciences, San Antonio, TX, USA 
[446] DESIGNING RESTRAINT SYSTEM FOR SIMULATING LATERAL ACCEL-
ERATION
Parul Goel, Anupam Garwal2
1indian Air Force, New Delhi, India; 2indian Air Force, Allahabad, India
[448] MEDICAL LESSONS FROM THE UNDERWATER NEPTUNE MISSION
Shawna Pandya1, Dr. Joseph Dituri2, Paul Bakken3, Doug Campbell4, Kyle
Foster5
1University of Alberta, Edmonton, Alberta, Canada; 2International Board of
Undersea Medicine, Tampa, FL, USA; 3Bakken Offworld Research Products,
Eagan, MN, USA; 4Saskatchewan Health Authority, Saskatoon, Saskatchewan,
Canada; 5George Mason University, Fairfax, VA, USA 
[449] SELECTION OF AIR TRAFFIC CONTROLLER TRAINEES
Krisztina Szabo, Mate Petrekanits, Botond Szucs
Pharmaflight International Science and Service Center, Debrecen, Hungary
[461] DISCLOSURE RATES OF SARS-COVID19 INFECTION DURING
AEROMEDICAL SCREENING AND VACCINATION HESITANCY IN A SAMPLE
OF US AVIATORS
William Hoffman
Brooke Army Medical Center, Ft Sam Houston, TX, USA 

ERRATA:
[S-62} PANEL: THE NUTS AND BOLTS OF BEING A CHIEF MEDICAL OFFI-
CER FOR PRIVATE SPACE COMPANIES will be presented on Thursday, May
26 at 10:00 a.m.
[456] Will be presented by Yoshiaki Inuzuwa. There was a misspelling of his
name in the printed program.

[210] CARDIOVASCULAR, AUTONOMIC, AND CEPHALAD DOSE-RE-
SPONSE TO GRADED LOWER BODY NEGATIVE PRESSURE
Richard S. Whittle1, Hrudayavani S. Vellore1, Eric A. Hall

1
, Fèlix Real

Fraxedas1, Katherine H. Findlay2, Nathan Keller1, Lindsay M. Stapleton1,
Bonnie J. Dunbar1, Ana Diaz-Artiles1
1Texas A&M University, College Station, TX, United States; 2Independent
Researcher, College Station, TX, United States
       The lower body negative pressure (LBNP) chamber we have been using had
a software calibration factor bug, such that the actual applied pressure was only
half of the indicated pressure. The measured values for the dependent variables
are still correct, however the independent variable (LBNP pressure) is out by a
factor of 2. The affected pressures are bolded  and underlined below.
INTRODUCTION: (Same as print.) METHODS: Twelve male subjects (age
26.9±2.9 years, height 179.0±8.3 cm, weight 84.7±18.7 kg) were placed in an
LBNP chamber in both supine and 15° head down tilt postures. A graded
LBNP profile was applied from 0 mmHg to –25 mmHg in 5 mmHg incre-
ments. Measures of systemic cardiovascular parameters and autonomic in-
dices were taken along with intraocular pressure, ultrasonography of the left
and right common carotid arteries and internal jugular veins, and jugular ve-
nous pressure. RESULTS: The application of –25 mmHg of LBNP caused a
drop in systolic blood pressure from 133.2±14.9 mmHg to 121±15.7 mmHg

(p = 0.003), whilst diastolic pressure was maintained. Similarly, cardiac out-
put and stroke volume decreased linearly, from 5.3±1.1 l/min to 4.2±0.7
l/min (p < 0.001) and 76.5±17.9 ml to 58.4±10.1 ml (p < 0.001), respectively.
Autonomic indices showed no significant change in vagal activity, but a
slight increase in sympathetic nervous activity. Jugular venous pressure and
intraocular pressure were reduced with the application of LBNP, however
the differential rate slowed at pressures below –10 mmHg. DISCUSSION:
(Same as print.) 

Additions:
Wednesday, 05/25/2022 10:30 AM in Tuscany 5/6
[S-46]: POSTERS: HUMAN PERFORMANCE: PAN TOPIC LOOK
[477] CAN OPEN ABDOMINAL SURGERY FIT IN THE VOLUME OF THE
ORION CAPSULE: A PILOT STUDY
Tovy Kamine1, Margaret Siu1, Arthur Formanek2, Gladys Fernandez1, Dana
Levin3
1Baystate Health, Springfield, MA, USA; 2Brigham and Women's Hospital,
Boston, MA, USA; 3Columbia University, New York, NY, USA
(Original Research)
INTRODUCTION: This pilot study investigated the minimum volume
needed to safely perform an open abdominal procedure to understand if
current and planned spacecraft have sufficient volume to handle surgical
emergencies should they occur. METHODS: The axes of a simulated operat-
ing room were marked and cameras placed to capture movements. An ex-
pert surgeon, chief surgical resident, junior surgical resident, and a non-sur-
geon physician each performed a Focused Assessment with Sonography for
Trauma and an open appendectomy on a simulated patient. A second par-
ticipant intubated and monitored the simulated patient. Time and volume
data were collected and compared using unpaired t-tests. RESULTS: Mean
volume needed to complete all tasks was 3.83 m^3±0.47 for standing and
3.68m^3±0.49 for kneeling, p=0.72. There were differences in the x, y, and z
dimensions between the two groups, X: 90.1cm±5.0 v. 121.1cm±6.8, p=0.04;
Y: 210.5cm±22.7 v. 237.5cm±3.8, p=0.08; Z: 174.4cm±5.0 v. 127.7cm±13.4 p
< 0.01. Differences between Seniors (attending and PGY5) and Juniors (PGY2
and non-surgery physician) were not significant (3.78m^3±0.41 and
3.74m^3±0.53, respectively, p=0.90). DISCUSSION: The habitable volume of
capsules ranges from 8.95m^3 (NASA’s Orion) to 916m^3 (International
Space Station). Future vehicles range from NASA’s Gateway Lunar Station at
125m^3 to SpaceX’s Starship at 825m^3. Mean volume to perform kneeling
appendectomy was 3.68m^3. Even the smallest of these spacecraft, the
Orion Capsule, may accommodate simple open abdominal procedures.
However, this study included only 4 participants and does not account for
environmental aspects of spaceflight such as microgravity.
Learning Objectives: 
1.The audience will learn about the minimal spatial volume necessary to per-
form open abdominal operations.
2. The audience will learn how the volumetric constraints of the Orion cap-
sule affect the ability to perform open abdominal operations. 
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The Abstract Submission site opens on September 1.
The Deadline for Abstracts is November 1.

See the Call for Papers in the front of the journal and
on the  AsMA website under Meetings.
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Susan Northrup Installed as AsMA President;
Joseph Dervay as Presdient-Elect

Susan E. Northrup, M.D., M.P.H., FAsMA, was installed as President of
AsMA during the Annual Business Meeting, held May 24, 2022 at the
Peppermill Resort and Casino in Reno, NV.  In 2021 Dr. Northrup was
appointed as the first female FAA Federal Air Surgeon. She joined the
FAA in April 2007 as the Southern Regional Flight Surgeon. She is now re-

sponsible for all aerospace medi cine ef-
forts within the FAA including airman
medical certification, air traffic control
health program, AME designee manage-
ment, internal and external substance
abuse testing, and aeromedical research.
She was awarded the FAA’s Flight
Surgeon of the Year Award in 2008 and
Outstanding Mana ger in 2018. In 2017,
she was selected as the Senior Regional
Flight Surgeon with operational responsi-
bilities for the entire nation. Prior to join-
ing the FAA, she was Regional Medical

Director for Air Crew and Passenger Health Services for Delta Air Lines
from 2001 to 2005, Medical Consultant for the National Pilots Association
2005 to 2007, and did other consulting from 2005–2007. Dr. Northrup
served in the U.S. Air Force on active duty from 1990 to 2001, and as a
Reservist from 2001 to 2010, retiring as a Colonel.
    Dr. Northrup obtained a Bachelor of Arts in Chemistry with Honors in
Liberal Arts from The Ohio State University in 1985 and stayed on to get
her Medical Degree in 1989. She was awarded a Masters in Public Health
from the University of Texas, Health Science Center Houston, School of
Public Health in 1994. She completed Residencies in Aerospace Medicine
and Occupational Medicine in 1995 and 1996, respectively, becoming
Board Certified in both disciplines. 
    A private pilot, she is an acknowledged expert in aviation medicine.
While serving in the Air Force, she was the U.S. Head of Delegation to
NATO’s aeromedical working group. More recently, she has served the
FAA as the FAA medical subject matter expert to ICAO’s COVID re-
sponse activities and the COVID IMT and the Office of Aerospace Liaison
to the Air Traffic Organization. 
    Dr. Northrup’s awards and honors include TAC Flight Surgeon of the
Year, the Air Force Meritorious Service Medal with two oak leaf clusters,
the Air Force Achievement Medal with a single oak leaf cluster, and the
Air Force Outstanding Unit Award with Valor and a single oak leaf clus-
ter. The Aerospace Medical Association presented her with the John A.
Tamisiea Award in 2015 and the Admiral John C. Adams Award in 2020.
A Fellow of AsMA, she is a member of the Red River Valley Fighter Pilots
Association, the Society of USAF Flight Surgeons, the International
Airline Medical Association, the Civil Aviation Medical Association, and
the American Society of Aerospace Medicine Specialists. She spent nine
years (2007–2016) as a trustee for the American Board of Preventive
Medicine in several capacities, including as the Vice Chair Aerospace
Medicine. She is also a Selector for the International Academy of Aviation
and Space Medi cine and was Chair of the Air Transportation Association
Medical Committee. She is on the Adjunct Faculty for the USAF School
of Aerospace Medicine.

**********
    Joseph P. Dervay, M.D., M.P.H.,MMS, FACEP, FAsMA, FUHMS,
was elected as President-Elect of AsMA during the Annual Business
Meeting, on May 24, 2022. He will be installed as President next year. Dr.
Dervay is currently a Flight Surgeon at the NASA Johnson Space Center,
having served there over 25 years.  Completing undergrad at Cornell
University, and a Doctor of Medicine at Syracuse - Upstate Medical
Center, he subsequently trained to become a Navy Flight Surgeon, serving
aboard the aircraft carrier USS John F. Kennedy.  
    Dr. Dervay completed an Emergency Medicine Residency at The

George Washington University, Space Medicine Fellowship and
Aerospace Medicine Residency at UTMB Galveston/NASA, and
Hyperbaric Medicine training at University of Texas Health Science
Center, Houston.  
    Dr. Dervay has served as Crew Surgeon for numerous Space Shuttle and
long-duration International Space Station missions, including support of
the 2020 NASA/SpaceX Demo-2 test flight as the first Commercial Crew
mission.  His roles have included work in Russia at the Star City -
Cosmonaut training center, and support of U.S. Astronauts during Soyuz
launch and landing activities in Kazakhstan. He Co-Chairs the
Multilateral Medical Operations Panel, comprised of medical representa-

tives from the Canadian, European,
Japanese, and Russian space agencies. He
completed research on Bubble Nucleation
at Altitude during his Master of Medical
Sciences degree and has been deeply in-
volved with development of NASA EVA
Prebreathe Protocols.

Retiring with the Navy rank of captain,
he completed 35-years of Active and
Reserve service with numerous Navy &
Marine Corps units worldwide.  

Dr. Dervay has been a member of
AsMA since 1985. Prior to selection as

President-Elect, he served 3 years as an AsMA Vice President. Over his
years of service to AsMA, he served four 3-year terms on AsMA council as
a Member-at-Large, and several years on the Executive Committee.  Dr.
Dervay has been a longstanding member of the Scientific Program
Committee and was Scientific Program Chair for the 2007 meeting in New
Orleans.  He has served as Chair of the Communications, Membership,
and Resolutions Committees.  He has been a member of numerous
Constituent and Affiliate organizations, including the Society of U.S.
Naval Flight Surgeons and International Association of Military Pilot-
Physicians. Dr. Dervay served as President of the Society of NASA
FlightsSurgeons and the Space Medicine Association.  An AsMA Fellow,
he was inducted into the International Academy of Aviation and Space
Medicine (IAASM).

Other elected officials are: Vice Presidents: Robert Orford, MD,
CM, MS, MPH (2-Yr Term), Warren Silberman, DO, MPH (2-Yr
Term), and Rebecca Blue, MD (1-Yr Term – to complete Dervay
Term); and Treasurer: Casey Pruett, BS, MS, MBA. Members-at-
Large are:  Ilaria Cinelli, PhD, W. Brent Klein, MD, MPH, Peter Lee,
MD, PhD, MPH, MS, Anthony Wagstaff, MBBCh, DAvMed.
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We’re Sorry!
Please accept our apology for the lateness of this

issue. Due to a ransomeware attack on our printing
company, we are experiencing significant delays in the
production of our journal. We hope to be back on track
soon. 

Read Current News Online!
Ever Upward! The AsMA Online Newsletter is posted monthly:
http://www.asma.org/news-events/newsletters. The newslet-
ters go back to 2015.
The News Archives going back to 2004 are also online on the
website:
https://www.asma.org/news-events/asma-news-archive

Visit Us on Social Media!
Twitter: https://twitter.com/aero_med
Facebook:
www.facebook.com/AerospaceMedicalAssociation
LinkedIn:
https://www.linkedin.com/company/2718542?trk=tyah&
trkInfo=tarId:1404740611720,tas:Aerospace Medical,idx:1-1-1
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Peppermill Resort and Casino in Reno, NV.  In 2021 Dr. Northrup was
appointed as the first female FAA Federal Air Surgeon. She joined the
FAA in April 2007 as the Southern Regional Flight Surgeon. She is now re-

sponsible for all aerospace medi cine ef-
forts within the FAA including airman
medical certification, air traffic control
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ment, internal and external substance
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She was awarded the FAA’s Flight
Surgeon of the Year Award in 2008 and
Outstanding Mana ger in 2018. In 2017,
she was selected as the Senior Regional
Flight Surgeon with operational responsi-
bilities for the entire nation. Prior to join-
ing the FAA, she was Regional Medical

Director for Air Crew and Passenger Health Services for Delta Air Lines
from 2001 to 2005, Medical Consultant for the National Pilots Association
2005 to 2007, and did other consulting from 2005–2007. Dr. Northrup
served in the U.S. Air Force on active duty from 1990 to 2001, and as a
Reservist from 2001 to 2010, retiring as a Colonel.
    Dr. Northrup obtained a Bachelor of Arts in Chemistry with Honors in
Liberal Arts from The Ohio State University in 1985 and stayed on to get
her Medical Degree in 1989. She was awarded a Masters in Public Health
from the University of Texas, Health Science Center Houston, School of
Public Health in 1994. She completed Residencies in Aerospace Medicine
and Occupational Medicine in 1995 and 1996, respectively, becoming
Board Certified in both disciplines. 
    A private pilot, she is an acknowledged expert in aviation medicine.
While serving in the Air Force, she was the U.S. Head of Delegation to
NATO’s aeromedical working group. More recently, she has served the
FAA as the FAA medical subject matter expert to ICAO’s COVID re-
sponse activities and the COVID IMT and the Office of Aerospace Liaison
to the Air Traffic Organization. 
    Dr. Northrup’s awards and honors include TAC Flight Surgeon of the
Year, the Air Force Meritorious Service Medal with two oak leaf clusters,
the Air Force Achievement Medal with a single oak leaf cluster, and the
Air Force Outstanding Unit Award with Valor and a single oak leaf clus-
ter. The Aerospace Medical Association presented her with the John A.
Tamisiea Award in 2015 and the Admiral John C. Adams Award in 2020.
A Fellow of AsMA, she is a member of the Red River Valley Fighter Pilots
Association, the Society of USAF Flight Surgeons, the International
Airline Medical Association, the Civil Aviation Medical Association, and
the American Society of Aerospace Medicine Specialists. She spent nine
years (2007–2016) as a trustee for the American Board of Preventive
Medicine in several capacities, including as the Vice Chair Aerospace
Medicine. She is also a Selector for the International Academy of Aviation
and Space Medi cine and was Chair of the Air Transportation Association
Medical Committee. She is on the Adjunct Faculty for the USAF School
of Aerospace Medicine.

**********
    Joseph P. Dervay, M.D., M.P.H.,MMS, FACEP, FAsMA, FUHMS,
was elected as President-Elect of AsMA during the Annual Business
Meeting, on May 24, 2022. He will be installed as President next year. Dr.
Dervay is currently a Flight Surgeon at the NASA Johnson Space Center,
having served there over 25 years.  Completing undergrad at Cornell
University, and a Doctor of Medicine at Syracuse - Upstate Medical
Center, he subsequently trained to become a Navy Flight Surgeon, serving
aboard the aircraft carrier USS John F. Kennedy.  
    Dr. Dervay completed an Emergency Medicine Residency at The

George Washington University, Space Medicine Fellowship and
Aerospace Medicine Residency at UTMB Galveston/NASA, and
Hyperbaric Medicine training at University of Texas Health Science
Center, Houston.  
    Dr. Dervay has served as Crew Surgeon for numerous Space Shuttle and
long-duration International Space Station missions, including support of
the 2020 NASA/SpaceX Demo-2 test flight as the first Commercial Crew
mission.  His roles have included work in Russia at the Star City -
Cosmonaut training center, and support of U.S. Astronauts during Soyuz
launch and landing activities in Kazakhstan. He Co-Chairs the
Multilateral Medical Operations Panel, comprised of medical representa-

tives from the Canadian, European,
Japanese, and Russian space agencies. He
completed research on Bubble Nucleation
at Altitude during his Master of Medical
Sciences degree and has been deeply in-
volved with development of NASA EVA
Prebreathe Protocols.

Retiring with the Navy rank of captain,
he completed 35-years of Active and
Reserve service with numerous Navy &
Marine Corps units worldwide.  

Dr. Dervay has been a member of
AsMA since 1985. Prior to selection as

President-Elect, he served 3 years as an AsMA Vice President. Over his
years of service to AsMA, he served four 3-year terms on AsMA council as
a Member-at-Large, and several years on the Executive Committee.  Dr.
Dervay has been a longstanding member of the Scientific Program
Committee and was Scientific Program Chair for the 2007 meeting in New
Orleans.  He has served as Chair of the Communications, Membership,
and Resolutions Committees.  He has been a member of numerous
Constituent and Affiliate organizations, including the Society of U.S.
Naval Flight Surgeons and International Association of Military Pilot-
Physicians. Dr. Dervay served as President of the Society of NASA
FlightsSurgeons and the Space Medicine Association.  An AsMA Fellow,
he was inducted into the International Academy of Aviation and Space
Medicine (IAASM).

Other elected officials are: Vice Presidents: Robert Orford, MD,
CM, MS, MPH (2-Yr Term), Warren Silberman, DO, MPH (2-Yr
Term), and Rebecca Blue, MD (1-Yr Term – to complete Dervay
Term); and Treasurer: Casey Pruett, BS, MS, MBA. Members-at-
Large are:  Ilaria Cinelli, PhD, W. Brent Klein, MD, MPH, Peter Lee,
MD, PhD, MPH, MS, Anthony Wagstaff, MBBCh, DAvMed.
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The 92nd Annual Scientific Meeting: The Week in Pictures
SUNDAY, MAY 22, 2022

The Scientific Program Committee,
chaired be Dr. Charles Reese (above), met
to provide orientation to the session
chairs.
The Welcome Reception, sponsored by
the Mayo Clinic, provided great food and
a chance to view the exhibits and visit
with friends. Among the exhibitors were
AsMA Corporate Members, KBR, UTMB,
and ETC (bottom row).
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(Photos Top row to Bottom row, Left to Right). 
UHMS President, Dr. Marc Robins, and AsMA President, Dr. James DeVoll, co-
opened the annual meeting. AsMA Past President, Dr. Joe Ortega presented
the slate of officers for AsMA.
The Stanley R. Mohler, M.D., Aerospace Medicine Endowed Scholarship was
presented to Lauren Church by Kim Broadwell respresenting the AsMA
Foundation and Jim DeVoll, AsMA President for 2021-2022. The Anita Mantri,
Ph.D., Memorial Travel Scholarship was presented to Victoria Tucci by Kim
Broadwell, representing the AsMA Foundation. The recipient of the AsMA
International Scholarship, Ahmed Baraka, could not be present.
The Curtis Langdon Group played at Opening Ceremonies.
Speed Mentoring Program pairs AsMA members who are established in their
careers with younger members and students interested in learning about ca-
reers in Aerospace Medicine. It is done like Speed Dating!
Gary Gray receives his pin as a Member of AsMA for 50 years. Other 50-yr
members who could not be present are: John Bishop, Ernst Hollman, Chandler
Phillips, and David Zanick.
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(Photos Top row to Bottom row, Left to Right). 
UHMS President, Dr. Marc Robins, and AsMA President, Dr. James DeVoll, co-
opened the annual meeting. AsMA Past President, Dr. Joe Ortega presented
the slate of officers for AsMA.
The Stanley R. Mohler, M.D., Aerospace Medicine Endowed Scholarship was
presented to Lauren Church by Kim Broadwell respresenting the AsMA
Foundation and Jim DeVoll, AsMA President for 2021-2022. The Anita Mantri,
Ph.D., Memorial Travel Scholarship was presented to Victoria Tucci by Kim
Broadwell, representing the AsMA Foundation. The recipient of the AsMA
International Scholarship, Ahmed Baraka, could not be present.
The Curtis Langdon Group played at Opening Ceremonies.
Speed Mentoring Program pairs AsMA members who are established in their
careers with younger members and students interested in learning about ca-
reers in Aerospace Medicine. It is done like Speed Dating!
Gary Gray receives his pin as a Member of AsMA for 50 years. Other 50-yr
members who could not be present are: John Bishop, Ernst Hollman, Chandler
Phillips, and David Zanick.

TUESDAY, May 24, WEDNESDAY, May 25, and THURSDAY, May 26, 2022
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At the International Reception--Eric Sprague and Bob Laurent,
representing the sponsors, ETC.

At the Corporate Forum Reception--Pam Day, Adam Sirek, Marian
Sides, Katy Samoil, and Ari Epstein.

Dick Trumbo 5k Run/Walk top 3 female and male winners with
UHMS President Marc Robins: Jared Price, Karen Ong, Sheryas
Iyer, Joanna d’Arcy, Abigail Vargo,  and Alex Wolbrink.

The RAM Bowl in action. Photo by Tom Workman.

Sean Daigre, representing Harvey Watt & Co., sponsor of the
President’s Reception, with AsMA President, Jim DeVoll.Jim DeVoll and his family at the President’s Reception.

(Left) Passing the gavel from outgoing AsMA President, Jim DeVoll, to incoming President Susan Northrup. (Center) Susan Northrup
presents the Past President’s gift, and Jim DeVoll’s  daughter, Marguerite, pins him with the Past President’s Pin (Right).
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AEROSPACE MEDICAL ASSOCIATION HONORS NIGHT AWARDS
Peppermill Resort & Casino, Reno, NV, May 26, 2022

LOUIS H. BAUER FOUNDER’S AWARD
Marian B. Sides, Ph.D., M.S.N.

(Clayton Cowl, Mayo Clinic)

BOOTHBY-EDWARDS AWARD
Ian Hosegood, MBBS, DAvMed 

(Kate Manderson accepts)
(Michael Berry for Harvey W. Watt & Co.)

JOHN ERNSTING AWARD
William P. Butler, M.D.

(George Anderson, Environmental Tectonics Corporation)

ADMIRAL JOHN C. ADAMS AWARD
Lina Maria Sanchez Rubio, M.D., Ph.D., Col.(Ret.) 

(Jonathan Elliott, Society of US Naval Flight Surgeons)

This year our Honors Night Ceremonies were shared between the
Aerospace Medical Association (AsMA) and the Undersea and
Hyperbaric Medical Society (UHMS). Both organization presented their
annual awards. The president of AsMA, James R. DeVoll, M.D., M.P.H.
and the president of UHMS, Marc Robins, D.O., presided over each or-
ganizations awards.

Dr. DeVoll presented 19 awards to outstanding members during the
Honors Night ceremonies at the 93rd Annual AsMA Scientific Meeting,
May 26, 2022, at the Peppermill Resort and Casino, Remo, NV.  Eric
Olins, M.D., Chair of the Awards Committee read the citations, assisted
by Dr. Dwight Holland. The names of the awards’ sponsors and repre-
sentatives, when present, are printed in parentheses.

All photos by Pamela C. Day. A photo gallery is available at:
https://aeromed.smugmug.com/Honors-Night-2022/.

James DeVoll, 2021-2022
AsMA  President
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WALTER AND SYLVIA GOLDENRATH AWARD
Deborah J. White, Ph.D., M.B.A., M.A.

(AsMA Foundation)

WON CHUEL KAY AWARD
David Powell, M.D., M.Sc.

(JounSoon Jang, Aerospace Medical Association of Korea)

JOE KERWIN AWARD
Serena Auñon-Chancelor, M.D.

(Casey Pruett accepts)
(Keith Kreutzberg, KBR)

KENT K. GILLINGHAM AWARD
Peter A. Hancock, D.Sc., Ph.D.

(Dwight Holland accepts)
(Erich Roedig, AMST)

ERIC LILJENCRANTZ AWARD,
Rebecca Blue, M.D., M.P.H.

(Jeff Sventek for Aerospace Medical, PLC)
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SIDNEY D. LEVERETT ENVIRONMENTAL SCIENCE AWARD,
Jeremy Beer, Ph.D.

(Bob Laurent, Environmental Tectonics Corp.)
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JOHN A. TAMISIEA  AWARD
Clayton Cowl, M.D., M.S.

(David Schall, Civil Aviation Medical Association)

THEODORE C. LYSTER AWARD
Nereyda Sevilla, M.P.H., Ph.D.

(Susan Fondy, Society of U.S. Army Flight Surgeons)

MARIE MARVINGT AWARD
Daniel Berry, D.O., Ph.D.

(Olivier Manen, Société Francophone de Médecine
Aérospatiale)

HARRY G. MOSELEY AWARD
Todd Dart, Ph.D.

(Christopher Backus, International Association of Military
Flight Surgeon Pilots)

JOHN PAUL STAPP AWARD
Lindley Bark, B.S.

(Alper Kus, Environmental Tectonics Corp.)

RAYMOND F. LONGACRE AWARD
Matthew Dumstorf, M.D., M.S.

(Tom Nesthus, Aerospace Human Factors Assoc.)
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THOMAS J. AND MARGARET D. TREDICI AWARD
Harriet Lester, M.D.

(Kim Broadwell, AsMA Foundation, and Douglas Ivan,
Tredici Endowment Fund) 

ARNOLD D. TUTTLE AWARD
Ross Pollock, B.Sc., M.Sc., Ph.D.

(Keith Kreutzberg, KBR) 

JULIAN E. WARD MEMORIAL AWARD
Bonnie Posselt, B.Sc., MBChB, DAvMed

(Christopher Backus, Society of USAF Flight Surgeons)

PRESIDENT’S CITATION: The Staff of the Aerospace Medical
Association received the honor. Left to right: Jeff Sventek, Sheryl
Kildall, AsMA President James DeVoll, Pamela Day, Rachel Trigg, and
Gisselle Vargas.

2020 JOE KERWIN AWARD
Jeffrey R. Davis, M.D.

(Joe Ortega, 2020 AsMA President, 
and Keith Kreutzberg and Genie Bopp, KBR)

2021 LOUIS H. BAUER FOUNDER’S AWARD
David Newman, M.D.

(Charles DeJohn, 2021 AsMA President. Sponsored by the
Mayo Clinic)
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Abridged Minutes of the Aerospace Medical
Association 92nd Annual Business Meeting

Tuesday, May 24, 2022, 
Peppermill Resort & Casino, Reno,  NV

(Full minutes can be accessed in the Members Section of
the AsMA website: www.asma.org. You must log in to access.)

Call to Order (James Devoll) A quorum of more than 100 members
in attendance was met and the meeting started at 12:00 pm PDT on
Tuesday, May 24, 2022.  
In Memoriam (DeVoll): The president asked attendees to pause to
remember those members who passed away this year.
Recognition of Past Presidents (DeVoll:) Dr. DeVoll invited the
Past Presidents of AsMA to rise and be recognized.
Report of the President (DeVoll): Welcome to everyone and thank
you for being here today. This in person meeting in Reno during our
usual May time frame has been a long time coming. A typical gover-
nance year would have only two Council meetings, but this year we
are having three: August in Denver, our usual mid-year meeting in
November, and now. This is a breath of fresh air to communicate
with people in person. We are returning to normalcy. 

AsMA has continued to support the work of CAPSCA as part of
ICAO and the efforts to improve aviation safety in the era of COVID
and beyond. Dr. Kris Belland serves as AsMA representative to
CAPSCA and continues to do an outstanding job. In January, AsMA
representatives (Drs. Salicrup, Schroeder, Wilkinson, and Blocker)
provided commentary on a proposed Electronic Bulletin regarding
the return to duty, fitness to fly, and/or control post COVID infec-
tion. This has been an important effort highlighting the contribu-
tions of AsMA to the international aviation industry. 

The Home Office staff has continued to be fantastic throughout
a hectic year of unique challenges, not to mention the additional
planning and coordination challenges of the joint meeting with the
Undersea & Hyperbaric Medical Society.  

In the February 2022 Newsletter, Pam Day laid out the approved
change in the Journal previously approved: the online version will be
the primary member benefit starting in July, with an added benefit
of greatly reduced cost for color images. 

ACGME: The movement to provide definition and separation
between the three preventive medicine specialties has certainly been
tortuous but we are continuing to see progress. Comments were due
to ACGME by Mar 30. [Ed. Note: This was approved in June.] 

ACOEM has proposed hosting two virtual roundtables (each 1.5
to 2 hours in length) and an online survey to explore the impact of
obesity in the aerospace and defense industry, provide awareness of
programs to fight obesity, and identify the feasibility of implement-
ing a comprehensive obesity benefit for employees in this industry. 
Among other meetings, we are planning a meeting with the Indian
Society of Aerospace Medicine this week. 

Future issues: A review and update of our dues structure.
Report of the Executive Director (Sventek): Mister President,

officers, and members of the Aerospace Medical Association, I am

happy to report that the Aerospace Medical Association is slowly re-
covering the negative impact of the COVID-19 pandemic.
Organizations around the world were negatively impacted by this
deadly virus; AsMA was equipped, organized, and operating re-
motely for several years. The AsMA HQ team business model in-
cluded working in the AsMA office building 3 days each week and
remotely 2 days per week. When government agencies recom-
mended a shelter in place prevention plan, Gisselle Vargas and I
built a schedule that required one AsMA employee in the office in
the morning, one morning per week. The AsMA employee would
arrive at normal opening time and work in the office until the mail
was delivered. The employee would sort the mail and distribute ap-
propriately. Once completed, the AsMA employee would then re-
turn home and work the remainder of the week safely from home.
We are continuing this work schedule until it is clear the virus is
completely under control.  It should be noted that all AsMA Staff
members are full vaccinated against the COVID-19 virus and all of
us have received the recommended booster shots as well.  I would
like to publicly thank the incredible AsMA Staff and our Journal in-
dependent contractors for their strong work during the pandemic.

The work of the Association also continued during the pandemic
through the efforts of the AsMA Council and AsMA volunteers. I
want to thank all who volunteered this past two plus years to help
move the Association forward. Thank you for your continued strong
support of the Aerospace Medical Association.

AsMA membership dropped during the pandemic but has re-
covered to around 2,000 active and paying members. As of this re-
port, AsMA membership totals 1,999.  We believe part of the reason
for the drop in membership was due to not being able to host an in-
person Annual Scientific Meeting in 2020 and a mostly U.S. at-
tended meeting in August 2021 in Denver, CO.  Many of our mem-
bers take the opportunity to renew their memberships during the
Annual Scientific Meeting and even though our AsMA Staff sent out
dues renewal notifications, many members may have waited to
renew, hoping an in-person Annual Scientific Meeting would hap-
pen. Thanks to all who renewed when notified by the AsMA Staff.
We will continue to work toward getting our membership back to
the 2,100 number we had prior to the COVID-19 pandemic.

To offer our membership Continuing Education opportunities,
AsMA continues to offer virtual continuing education via webinars.
AsMA, in collaboration the International Academy of Aviation and
Space Medicine (IAASM), hosted a total of three webinars in 2021.
Those webinars offered participants updates on the impact of
COVID 19 on aviation and space operations as well as plans for
preparing to manage the next pandemic. The three webinars offered
physicians up to 8.75 hours of CME credits. In 2022, AsMA collab-
orated with the Mission-Next Foundation in hosting a webinar fo-
cused on ‘Air Purification Strategies and Technolgies to Defeat
COVID Today and the Biothreats of Tomorrow.’ This webinar of-
fered 3.75 CME credits to physicians.  Finally, AsMA collaborated
once again with our IAASM colleagues in organizing “Aeromedical
Aspects of Civilian Evacuation: Preparation, Reaction and
Response.” This was another well-attended webinar and offered
physicians up to 2.75 CME credits.  AsMA will continue to evaluate
areas of interest that can be offered via webinar throughout the year
so those who cannot attend our Annual Scientific Meeting in person
can still benefit from the many Aerospace Medicine experts within
our membership.  

The 1st International Conference of Aerospace Medicine, sched-
uled for September 2020, was cancelled, and rescheduled for
September 2021. The four organizing associations for this joint in-
ternational conference includes the Aerospace Medical Association
(AsMA), IAASM, the European Society of Aerospace Medicine
(ESAM), and La Societe Francaise de Medecine Aerospatiale
(SOFRAMAS). These four organizations continued to work toward
a successful September 2021 event but realized that international
travel would likely be a problem through 2021 and possibly into
2022, so the ICAM was postponed again to September 2022. I en-
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courage you to mark your calendars for September 22 through 24,
2022 to attend the 1st International Conference of Aerospace
Medicine in Paris, France. Registration for this conference is now
open via the AsMA website as well as the ICAM 2022 website. 

As of this morning, total registration for this year’s joint
AsMA/UHMS meeting is 1487.  Of this total 1,195 (80.4%) are reg-
istered as AsMA attendees and 292 (19.6%) are registered as UHMS
as UHMS attendees.  This registration total is about the normal
number of the registrations we would receive for an AsMA Annual
Scientific Meeting during a year without COVID-19.  However, the
total registrations include a large number of UHMS attendees who
might not normally attend an AsMA Annual Scientific Meeting.
The 1,195 AsMA registrants represents about 80% of a normal
AsMA Annual Scientific Meeting attendance.  We are very pleased
to have our UHMS colleagues joining us this year Reno.  

Finally, I am required to report the Aerospace Medical
Association financial status for 2021.   Details are in the Treasurer’s
report, but the 2021 financial records received completed a full audit
by Gross, Mendolosohn & Associates, P.A. on April 4, 2022.
According to the Audit Report:

“In our opinion, the financial statements referred to above pre-
sent fairly, in all material respects, the financial position of Aerospace
Medicine Association as of December 31, 2021 and 2020 and the
changes in its net assets and its cash flow for the years then ended in
accordance with accounting principles generally accepted in the
United States of America. The financial statement disclosures are
neutral, consistent, and clear.  We encountered no significant diffi-
culties in dealing with management in performing and completing
our audit.”

Report of the AsMA Foundation Chair (Kim Broadwell): Dr.
Broadwell thanked members for donating $2,805 during the annual
meeting registration to the AsMA Foundation, with a grand total of
$105,000 in the last 15 years.  

AsMA members were saddened by the untimely passing of Dr.
John B. Charles in February 2021. To honor Dr. Charles’ leadership
and scientific contributions to Space Medicine, the Space Medicine
Association (SMA) established the JB Charles Research Scholarship
which will be awarded at the annual SMA luncheon. 

Dr. Mark Campbell has been a leader in the formation of the
Space Surgery Association (SSA), an AsMA affiliate organization.
The SSA is an international organization of surgeons and other
physicians, procedural medicine specialists, and engineers working
to develop capabilities to perform operative care in microgravity. In
December 2021, Dr Campbell and his wife Betsy signed an agree-
ment with the Foundation creating and funding the Mark and Betsy
Campbell Endowed Fund to support the SSA Future Researcher
Award. 

The AsMA Foundation continues to serve AsMA and its mem-
bers to provide CME and Genie Bopp, Foundation
Secretary/Treasurer, reports that the Foundation is solid financially
with assets on December 31, 2021 totaling $662,746, up from
$563,540 at the close of 2020. 
GOVERNANCE (Susan Northrup)   

Report on ASMA Bylaws Changes (Eilis Boudreau): A large
number of sections within the bylaws urgently need to be corrected.
Our bylaws need to be changed to accommodate virtual meetings or
hybrid meetings. Thanks to Dr. DeVoll and Dr. Baisden for their re-
view and input. These changes have been vetted through the
Executive Committee and the AsMA Council. Jim Devoll asked for
a motion to approve the AsMA Bylaws changes reflecting new ethics
guidance. A motion was made by the Bylaws Committee to make by-
laws changes to allow for virtual and hybrid meetings. Both motions
were seconded and passed.

The proposed bylaws changes will be published in the
Newsletter and are in the Reno AsMA meeting APP and presented
on screen during the business meeting.  Approved changes into the
AsMA Bylaws can be found at:
(https://www.asma.org/asma/media/AsMA/Governance/AsMA-

Bylaws.pdf) and the AsMA Policies and Procedures Manual:
(https://www.asma.org/asma/media/AsMA/Governance/AsMA-P-
P-Manual.pdf).

Nominating Committee Report (H. Ortega): The Slate of
Officers was assembled between Sept 2021  and Dec 2021. The
President Elect is Joseph Dervay; Vice Presidents - Rebecca Blue (1
yr to replace Joe Dervay), Robert Orford (2 yr) and Warren
Silberman (2 yr), Treasurer - Casey Pruett; Members at Large Ilaria
Cinelli, W. Brent Klein, Peter Lee. and Anthony Wagstaff.

AsMA Treasurer’s Report (Nereyda Sevilla): In 2021 we ended
the year $135K in the red.  The 2021 budget was approved with con-
cessions made for lower revenue and expenses as we get back to a
post-COVID world. Cancelling Denver 2021 would have incurred a
$500,000 penalty and loss of revenue, usually in the hundreds of
thousands of dollars per conference, ultimately costing AsMA ap-
proximately $1M.  Keeping the Denver conference was a break-even
success yielding a net revenue of $25K. The convention revenue was
$349K less than budgeted, with the expenses $118K over budget.
Since the convention provides the primary source of revenue, it is ex-
pected that the overall revenue is less than budget. The webinar of-
ferings provided another $19K in revenue new in 2021.  Due to
COVID, the Home Office was able to apply for and received two
Payroll Protection Program funding.  This are federal grants that do
not have to be repaid. AsMA received a total of two PPP payments
(the first $94K and the second $75K) totaling $169K of additional
revenue for 2021.  Efforts for an automatic payment plan for mem-
bership could help in a sustained avenue of revenue.  The journal did
well at $23K above budget with increases in royalties while the mem-
bership hit $143K above budget despite the lower individual and cor-
porate membership.  The increase in membership revenue is primar-
ily due to the PPP of $169K.  Journal expenses essential hit target but
we were under budget for AsMA Management expenses due to IT
and travel savings.  Overall, we had hoped to break even this year, but
ended $211K below budget.  The goal remains to have $1M in the
Investment Portfolio to be used for down years and unanticipated
expenses.  The $280K withdrawal in 2021 covered final Denver ex-
penses, Payroll, Hosting of Council Meeting, and Scientific Review. 

Recommendations: Reassess ASMA financial position after
Reno and perhaps replenishing the investment portfolio to regain
our $1M posture.  Use the lessons learned from 2020 and 2021 and
increase revenue with a potential virtual convention, meetings, and
workshops.  We will also continue to leverage the cost saving efforts
from the membership and journal committees. 
REPRESENTATION AND ADVOCACY (DeVoll/Jeff Sventek
for Barry Shender)

Update on Aerospace Medical Association Resolution 2020 – 01:
Resolution entitled “Vital Nature of Board-Certified Physicians in
Aerospace Medicine,” co-sponsored by Kris Belland, Joe ‘Bugs,”
Ortega with Warren Silberman, and Dan Berry, approved in 2021.
Approval by AsMA aligned perfectly with the American Osteopathic
Association (AOA), AOCEM, FAA House of Delegates meeting.
The resolution went to Commercial Space Companies and the
National Transportation Board (NTSB). President of the AMA, Dr.
Harmon, was extremely happy about the letter and will compose a
letter to be sent out to organizations under the AMA.  

Communications Committee Report: A proposal was presented
and accepted by the AsMA Council during the 2021 Annual Scientific
Meeting in Denver, for an enhanced communications strategy for our
Association. The proposal included improving AsMA web page user
experience, reinforcing AsMA’s STEM outreach and science commu-
nications, creating engaging content in a regular and consistent man-
ner for all our existing and potential audiences, and teaming up with
HQ staff and journal staff to produce and publish short videos, pod-
casts, visual abstracts, and Q&A sessions. 

Scientific Program abstract mentorship update:  Letters were
sent to residents and students to submit presentation and posters for
feedback on their posters and presentations. 

Continued on p. 664.
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Continued from p. 663.
EDUCATION & RESEARCH (Warren Silberman)
Education and Research Committee: Susan Fondy has done a
great job with well-organized Zoom meetings and notes.  She is
stepping down as chair.

Science and Technology Watch is being reinvigorated and will
be placing articles for the Blue Journal headed by Ryan Mayes. 
MEMBER SERVICES (Joe Dervay)

Awards Committee Report (Joe Dervay): Eric Olins has done
outstanding work in crafting changes to the rules for submitting
awards.  The approved changes to the award rules include not nom-
inating one individual for more than two awards per year. The com-
mittee will review the 21 current awards to determine if there are
awards that should be consolidated due to addressing the same gen-
eral criteria.  

Membership Committee Report (Joe Dervay): Dana
Windhorst is stepping down as chair. Auto Dues with ACH (auto-
mated clearing house) has been established.
INTERNATIONAL SERVICES (Robert Orford)  

Despite the travel restrictions that are still in place during the
pandemic we have a significant international presence here in Reno.

AsMA-ESAM-IAASM-SoFRAMAS International Conference in
Aerospace Medicine ICAM (Paris - Sep 2022) (Robert Orford):
The conference center will be at the City of Science and Industry, it
is large venue with easy access to the Metro.  AsMA will be manag-
ing all the registration for ICAM. Hotels near the venue, in the
Northeast part of the city, are more reasonable than the hotels
downtown. 

AsMA Allied Membership (Robert Orford): The program,
which we expect to be sustainable if we reach 50, currently has 21
members and will be reviewed by council at the end of the year.  

Unfinished Business – none
New Business – none 
Closing remarks (Jim DeVoll): Thank you for being here. It

shows enormous support.   Please contact me at JRDevoll@aol.com
with any suggestions on how to increase membership, outreach and
other new ideas.  

Motion made and seconded to adjourn meeting at 1:10 pm PDT.

Respectfully Submitted,
Jeffrey Sventek, MS, CAsP, Executive Director

J. Karen Klingenberger, MD, MPH, MS, Secretary

(Top left) 67th Louis H. Bauer Lecture--
Dr.  Michael A. Berry (center) delivered
the lecture. Representing the sponsor,
KBR, is Keith Kreutzberg (left), with
AsMA President, Jim DeVoll (right).

(Top right) Eric P. Kindwall Memorial
Lecture--Lindell Weaver, M.D., deliv-
ered the lecture, Monday, May 23.

(Center) 8th Eugen Reinartz Panel (left
to right)--Joe Dervay (moderator), Jon
Clark, Jay Dean,  Richard Moon, and
Mike Gernhardt,  were the panelists
discussing Pressure. 

(Bottom left) Christian J. Lambertsen
Memorial Lecture--UHMS President,
Marc Robins, introduces the lecturer,
Robert Sanders.

(Bottom right) 56th Harry G.
Armstrong Lecture--Melchor
Antunano, M.D, the lecturer, receives a
memento from Bob Laurent and
George Anderson of ETC, sponsors of
the lecture along with James DeVoll,
AsMA President.

All of the lectures can be viewed at:
https://www.asma.org/scientific-
meetings/asma-annual-scientific-
meeting/proceedings

ANNUAL LECTURES
Both AsMA and UHMS provided their annual lectures in plenary sessions throughout the week.
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MEETING PHOTO GALLERIES–For
more photos from the annual meet-
ing in Reno, please visit our Photo
Gallery page via the AsMA website:
https://aeromed.smugmug.com
All photos by Pamela C. Day.
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        These notes are provided for the convenience of authors consider-
ing preparation of a manuscript.  Definitive information appears in the
INSTRUCTIONS FOR AUTHORS as published on the journal's web
site. Submissions that do not substantially conform to those instruc-
tions will be returned without review. We conform to the International
Committee of Medical Journal Editors (ICMJE) Recommendations for
the Conduct, Reporting, Editing and Publication of Scholarly Work in
Medical Journals.
JOURNAL MISSION AND SCOPE

Aerospace Medicine and Human Performance is published monthly
by the Aerospace Medical Association. The journal publishes original
articles that are subject to formal peer review as well as teaching mate-
rials for health care professionals. The editor will not ordinarily review
for publication work that is under consideration or has been accepted
or published by another journal except as an abstract or a brief preprint. 
TYPES OF PAPERS
         The five types of articles specified below should be submitted
through the web site and will undergo peer review.  Other submissions
including Letters to the Editor, Book Reviews, and teaching materials
should be submitted by e-mail to the Editorial Office.  Letters to the
Editor are limited to 500 words of discussion and/or criticism of scien-
tific papers that have appeared in the journal within the past year. If
your manuscript does not fit the parameters layed out below, an excep-
tion may be granted. Please contact the Editoiral Office to discuss your
submission.

Research Articles present the results of experimental or descriptive
studies with suitable statistical analysis of results.  They should contain
an Introduction, Methods, Results and Discussion with a statement of
conclusions.  Such manuscripts should not exceed 6000 words with
approximately 25 references.  

Review Articles are scholarly reviews of the literature on important
subjects within the scope of the journal.  Authors considering prepara-
tion of a review should contact the Editor to ascertain the suitability of
the topic. Reviews generally may not exceed 6000 words with up to 150
references, but longer reviews of exceptional quality will be considered. 

Case Reports and Case Series describe interesting or unusual clin-
ical cases or aeromedical events. They should include a short
Introduction to provide perspective, the Presentation of the Case, and
Discussion that includes reference to pertinent literature and/or review
of similar cases.  Such manuscripts should not exceed 3000 words with
approximately 12 references.

  Short Communications and Technical Notes describe new tech-
niques or devices or interesting findings that are not suitable for statis-
tical analysis. They should contain the same sections as a Research
Article but should not exceed 3000 words with approximately 12 refer-
ences.

Commentaries are brief essays that set forth opinion or perspective
on relevant topics.  Such manuscripts may not exceed 1000 words with
approximately 10 references without tables or figures. 
         We also accept Historical Notes, and Aerospace Medicine Clinic
(formerly You’re the Flight Surgeon) articles.
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Each person designated as an author should have made substantial
intellectual contributions as specified in the Instructions for Authors.  
ETHICAL USE OF HUMAN SUBJECTS AND ANIMALS

The Aerospace Medical Association requires that authors adhere
to specific standards for protection of human subjects and humane care
and use of animals. The methods section of a manuscript must explicitly
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fied in the Instructions for Authors.  

LANGUAGE, MEASUREMENTS AND ABBREVIATIONS
The language of the journal is standard American English. Authors

who are not perfectly fluent in the language should have the manuscript
edited by a native speaker of English before submission. Measurements
of length, weight, volume and pressure should be reported in metric 
units and temperatures in degrees Celsius. Abbreviations and acronyms
should be used only if they improve the clarity of the document. 
PREPARATION OF TABLES AND FIGURES

Tables and figures should be used strictly to advance the argument
of the paper and to assess its support. Authors should plan their tables
and figures to fit either one journal column (8.5 cm), 1.5 columns (12.5
cm), or the full width of the printed page (18 cm). Tables should be
assigned consecutive Roman numerals in the order of their first citation
in the text. Tables should not ordinarily occupy more than 20% of the
space in a journal article.  Figures (graphs, photographs and drawings)
should be assigned consecutive Arabic numerals in the order of their
first citation in the text.  Line drawings of equipment are preferable to
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Documents to Download online for further instructions. 
REFERENCE STYLE
         The style for references is the National Library of Medicine (NLM)
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ment to pay Open Access Fee.
PUBLICATION PROCEDURES

Once the Editor has accepted a manuscript, the electronic source
files for text and figures (TIFF or EPS preferred) are forwarded to the
publisher, the Aerospace Medical Association, for conversion to print-
able format and final copy-editing.  Correspondence related to publica-
tion should be directed to the Managing Editor at the Association
Home Office: (703) 739-2240, X101; pday@asma.org.

When the paper is ready for publication, the printer places on its
web site a PDF file depicting the typeset manuscript. The Correspon-
ding Author will be notified by e-mail and is responsible for correcting
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Corporate Membership. As always, AsMA deeply appreciates your membership, sponsorship, and support.
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NEW LOOK!

This August issue of Aerospace
Medicine and Human Performance 

is the NEW, digitally printed journal.

Check out the full-color Association
News at the back of the journal!

To purchase a subscription, contact Sheryl Kildall: skildall@asma.org;
703-739-2240, x107

Call for Papers 

The Call for Papers for the 2023 Annual Scientific
Meeting is printed inside! 

The submission site will open on September 1. 
The deadline will be November 1, 2022.

www.asma.org
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For information on becoming a Corporate Member, please check out our website:
https://www.asma.org/for-corporations, or contact our Membership Department at 703-739-2240, x107.

Corporate and Sustaining Members 
of the Aerospace Medical Association

Now in Our 93rd Year!

Platinum
Mayo Clinic
Medaire, Inc.

Silver
InoMedic Health Applications, Inc. 
Institutes for Behavior Resources, Inc. 

Bronze
Environmental Tectonics 
       Corporation

Standard
Adams Advanced Aero Technology
Aerospace Medical, PLC
Aerospace Medicine Residency 
      Program, UTMB
Air Line Pilots Association
Aircraft Owners and Pilots 
      Association

Airdocs Aeromedical Support 
      Services
Aviation Medicine Advisory 
      Service
Centers for Disease Control and 
      Prevention/National Institute 
      for Occupational Safety and 
      Health
David Clark Company, Inc.
Education Enterprises, Inc.
Environics, Inc.
GO2 Altitude (Biomedtech 
      Australia)
Harvey W. Watt & Company
International Federation of Air 
      Line Pilots Association  
KBR 
Konan Medical USA
Martin-Baker Aircraft Company, Ltd.
Pilot Medical Solutions, Inc.
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