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Introduction

Prior work has shown promise for the noninvasive
estimation of subglottal air pressure (Ps) using a linear
model of the magnitude of neck-surface vibration during
modal and non-modal voice production in vocally healthy
speakers [1]. Subsequent work further developed this
methodology by incorporating additional measures of vocal
function from the neck-surface accelerometer (ACC) signal
to achieve improved prediction of Ps during phonation [2].
This study expands on those studies by integrating these
additional cepstral and glottal airflow measures to improve
the prediction of Ps in patients with voice disorders, with
the goal of tracking Ps in naturalistic, ambulatory settings.

Methods

Data were obtained from participants with voice disorders
representing a variety of glottal conditions, including
phonotraumatic vocal hyperfunction (PVH; associated with
nodules/polyps), non-phonotraumatic vocal hyperfunction
(NPVH; diagnosed as muscle tension dysphonia), and
unilateral vocal fold paralysis (UVFP). Each patient repeated
/p/-vowel syllables from loud-to-soft levels in multiple
vowel contexts (/pa/, /pi/, and /pu/) and pitch conditions
(comfortable, lower than comfortable, higher than
comfortable) in their typical voice. Ps estimates were
obtained via intraoral pressure (IOP) recordings during
occlusive  plosives using an intraoral catheter.
Simultaneously, oral airflow was captured using a
circumferentially vented pneumotachograph mask. Ps for
each vowel was estimated by taking the average of |IOP
peaks preceding and following the vowel.

Two subject-specific, linear regression models were
constructed to predict Ps using the ACC signal: Model 1
used the traditional ACC root-mean-square (RMS)
magnitude, and Model 2 included additional ACC-based
measures of vocal function. The additional measures in
Model 2 included fundamental frequency (fo), cepstral peak
prominence (CPP), and glottal airflow parameters from
subglottal impedance-based inverse filtering (IBIF) of the
ACC signal [3]. Five-fold cross-validation within each
patient’s data set assessed the robustness of Model 1 and
Model 2 performance using the root-mean-square error
(RMSE) metric for each of the two regression models.

jzlin@mgh.harvard.edu

Results and Discussion

Each fold of the five-fold cross-validation exhibited a
baseline prediction performance when Model 1 (ACC RMS
alone) was used to predict Ps within each patient group.
Improvements to Ps prediction performance (decreases in
RMSE) were found when Model 2 added CPP, fo, and the
following glottal airflow measures: open quotient, speed
quotient, normalized amplitude quotient, maximum flow
declination rate, harmonic richness factor, peak-to-peak
amplitude, and the difference between first and second
harmonic amplitudes. Of note, similar model performance
was achieved when the same glottal airflow-based IBIF
measures were derived from the ACC signal using
traditional airflow-based inverse filtering, thus showing
promise for ACC-only prediction of Psin clinical populations.

Patient  Model 1 Model 2 ARMSE ARMSE

group RMSE RMSE (cm H,0) (%)
- 231 178 053 2092
(1.06) (065  (050)  (10.87)
2.40 2.07 033 -1581
NPVHO102)  (no9)  (024)  (12.38)
2.36 2.07 029  -1182
WP 087)  (081)  (031)  (1359)

Table 1: Improvements in Ps prediction performance in terms of
mean (standard deviation) root-mean-square error (RMSE) within
each patient group, comparing the accelerometer RMS-only linear
regression model (Model 1) with a multiple linear regression model
(Model 2) that incorporated accelerometer-based measures of
CPP, fo, and glottal airflow measures derived using subglottal
impedance-based inverse filtering. Change in (A) RMSE also
reported in cm H,0 and as a percentage with Model 1 as reference.
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