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Disclaimer

~« The views expressed in this presentation are those of the authors and do not
necessarily reflect the official policy or position of the Department of the Navy,
Department of Defense, nor the U.S. Government. Authors include employees of
the U.S. Government. This work was prepared as part of their official duties. Title
17 U.S.C. §105 provides that ‘Copyright protection under this title is not available
for any work of the United States Government.’ Title 17 U.S.C. §101 defines a U.S.
Government work as a work prepared by a military service member or employee of
the U.S. Government as part of that person’s official duties. The study protocol was
approved by the Naval Submarine Medical Research Laboratory Institutional
Review Board in compliance with all applicable federal regulations governing the
protection of human subjects (NSMRL.2025.0004). This work was supported by
and/or funded by work unit number F1203 (Naval Innovative Science and
Engineering Funding).
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Eustachian tube dysfunction (ETD)
increases the risk of MEB, among other
conditions*5
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* Manual Medicine Chapter 15-106,
Medical Examinations:

« Eardrum movement during Valsalva s

* No upper respiratory infection/allergies,
no ear disease or sinus disease

« Successful 60’ hyperbaric chamber
screening

s
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Middle Ear
Barotrauma:

The TEED
Scale®

Photos retrieved from Blake et al. (2015)
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Study Objective

» Determine accuracy and sensitivity of ETD measures
* Predict the risk of MEB in PSET students

ETDQ-7

Underwater
Pain in ears? clogged
sensation?

Crackling/po

Muffled
hearing?

Pressure in
ears?

Pre-occurring
cold/sinusitis?

Ringing in
ears?

pping sounds
in ears?
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Methods

Baseline Data Collection
Surface

Medical Passed Informed ETDQ .
survival
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Dynamic tympanometry
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o Inflation/deflation /

Student not eligible
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At discretion
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Dynamic Tympanometry

Valsalva

Toynbee

ml ETF - non perforated Right
3

|

-600 -300 300 daPa

P 3: 0 daPa

P 2: -15 daPa

P 1:-16 daPa

ml
3

ETF - non perforated Left

i
-

-300 300 daPa

P 3:-18 daPa

P 2: 38 daPa

P 1: -15 daPa

ml ETF - non perforated Right
3

-600 -300 300 daPa

P1:7daPa P 2:-24daPa

P 3:9daPa

ml

ETF - non perforated Left

¥
M
Iy
‘f F
* A
3 M
N\
N

-600

-300 300 daPa

P1:0daPa P 2:-22 daPa

P 3: -18 daPa

U.S. Navy Photos

READINESS THROUGH RESEARCH & DEVELOPMENT




MEB
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@) Analysis Approach: Predictive Model

Models considered: Model creation:
 Logistic Regression » Looked for predictors
« Support Vector Machine (SVM) with:  + Defined univariate datasets
* Linear kernel « Performed a 70-30 train test split
- Radial basis function (RBF) - Maintained proportion of WNL to MEB
kernel samples in each set
- K-Nearest Neighbors (KNN) * Optimized hyperparameters

* Trained model & evaluated performance
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Initial Trends (n=78 ears, a=.05)

Independent Variable Data type Test performed ::asttistic :ECflf:fcst sDi:ﬁa)
TM movement observed Categorical (0, 1) Chi-Square Test x2=0.384 .536 0.057

Self reported “ears clearing” Categorical (0, .5, 1) Chi-Square Test X2=7470 .0239 0.237
Average Valsalva Continuous (-52.5 — 316 daPa) Mann-Whitney U U =696 535 -0.082
Average Toynbee Continuous (-199 — 97 daPa) Mann-Whitney U U=623.5 178 -0.178
Average inflation (+300 dPa) Continuous (-45 — 11 daPa) Mann-Whitney U U = 665 3952 -0.123
Average deflation (-300 dPa) Continuous (-5.5 — 75 daPa) Mann-Whitney U U =845 .384 0.115
ETDQ-7 score baseline Continuous (0-7) Mann-Whitney U U =500.5 .00682 -0.340
ETDQ-7 score under pressure  Continuous (0-7) Mann-Whitney U U=438.5 .000986 -0.422
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Results - Model Performance

 Preliminary results show self-report and the ETDQ as possible
predictors of MEB (data collection ongoing)

Predictor Model Type |Accuracy|Sensitivity Geometric Mean
Self reported “ears clearing” * 0.750 0.545 0.640
ETDQ baseline KNN (k=3) 0.708 0.818 0.761
ETDQ during SVM (linear) 0.792 0.818 0.805

*Same performance regardless of model type, possibly due to categorical nature of data
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Results - Model Performance
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In ETF - non perforated Left

Discussion/Conclusions
* Potential MEB predictors: e

— Self-report of “ears clearing” 0
-600 -300 300 daPa
— ETDQ scores
P1:158daPa P 2:-daPa P 3:193 daPa
— KNN model trained on baseline ETDQ scores oL — - -

« Comparison to dive manual requirements , \
— Adding ETDQ won't disrupt training

 Limitations
— Variability, attrition rates, logistics
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