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In a recent computational model, Farahani and Zhang [J. Acoust. Soc. Am. 136, EL369�EL375

(2014)] concluded that intraglottal vortices did not affect the closing mechanism of the folds. In

order to determine the validity of any model that addresses the issue of vortex significance, it is im-

portant that the results of the computational model are comparable to experimental results. The

results of Farahani and Zhang’s model are inconsistent with data published for experimental mod-

els, which may challenge the validity of their conclusions. VC 2015 Acoustical Society of America.

[http://dx.doi.org/10.1121/1.4932022]
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I. INTRODUCTION

During phonation the amount of volumetric airflow (Q)

that passes through the glottis changes during the opening

and closing phases of the folds vibration. The changes in

flow rate produce the source of acoustic energy,1–3 which is

then filtered by vocal tract resonance according to classical

source-filter theory.4 Although the flow rate is constantly

changing, the greatest rate of change happens during the lat-

ter part of closing, which yields a flow rate waveform that is

skewed towards the closing phase. The maximum flow decli-

nation rate (MFDR) has been shown to highly correlate with

acoustic intensity, which is the objective physical variable

that roughly correlates with loudness.3,5–8

There are several mechanisms that can affect MFDR.

Recent experimental9–11 and computational12–14 models

have shown that intraglottal vortices may form during the

closing phase of vibration. These vortices are formed by the

divergent shape of the glottis and their size is related to

the degree of the divergence angle. In our canine experi-

ments, these vortices augment the negative pressure (i.e.,

pressure that is less than atmospheric) that is formed near the

superior aspect of the folds.10 We have hypothesized that the

negative pressure then acts as an (additional) aerodynamic

force that increases the closing speed of the vocal folds,

resulting in increased MFDR.9,10 In our work, we have seen

that an increase in the strength of the intraglottal vortices is

correlated with an increase in skewing of the flow rate15 and

area16 waveforms to the right. We also observed that the

intraglottal vortices do not form in cases with no divergence

during closing (at relatively low subglottal pressures),9 or

they were reduced in cases with minimal divergence and

scarring of the tissue.17 These findings are consisted with our

hypothesis.

In their letter, Farahani and Zhang18 proposed a computa-

tional model that aimed to study the significance of the intra-

glottal vortices. The model used an equation that simulated

the (negative) pressure produced by intraglottal vortices to

then study their effect on the dynamics of the glottal wall and

Q. The equation for the pressure was partially based on the

experimental data of Oren et al.,10 which showed that the low-

est value of the negative pressure acting on the glottal wall

was approximately 30% of the magnitude of the subglottal

pressure magnitude. The model used two cases for the elastic

conditions of the vocal fold’s tissue (soft and stiff) and exam-

ined the changes in Q at different subglottal pressures with

different pressure levels added by the vortices. Farahani and

Zhang found that the negative pressure from the vortices had

no affect on Q thus concluding that the vortices had negligible

affect on the closing mechanism of the folds.

II. LIMITATIONS OF THE MODEL

In the short discussion on the limitation of their model,

Farahani and Zhang identified the lack of complete glottal clo-

sure and the limited number of values used to model the tissue

elasticity. There are several other limitations of this particular

model that suggest the conclusions may not be valid. However,

we strongly agree that the significance of the intraglottal vorti-

ces has not been definitively shown and that the question of

significance is best answered using a computational model.

First, the most significant concern about Farahani and

Zhang’s model is the lack of agreement of their results with

published experimental data. The results shown for the flow

rate in their model do not match the waveform characteris-

tics that were observed experimentally in canine larynges

(Fig. 1). The maximum skewing of the flow rate predicted

by the model has a value of 1.1 for the speed quotient, which

is far less than values observed experimentally (1.5�2.5) in

canine models.15,19 The results of Farahani and Zhang’s

model show minor skewing of the waveform towards closinga)Electronic mail: orenl@ucmail.uc.edu

J. Acoust. Soc. Am. 138 (4), October 2015 VC 2015 Acoustical Society of America 24270001-4966/2015/138(4)/2427/3/$30.00

http://dx.doi.org/10.1121/1.4932022
mailto:orenl@ucmail.uc.edu
http://crossmark.crossref.org/dialog/?doi=10.1121/1.4932022&domain=pdf&date_stamp=2015-10-01


and in some cases skewing towards opening (cf. Figs. 3 and

4 in their letter18). As far as we know, skewing towards

opening was never observed experimentally in a canine lar-

ynx when the vocal folds are approximated symmetrically

about the midline with no prephonatory gap.

Second, the imprecise properties of the tissue used to

model the elasticity of the vocal folds are another significant

limitation for the model used by Farahani and Zhang.

Several studies have shown that the tissue stiffness (i.e.,

Young’s modulus) changes along the vertical height of the

fold.20,21 Other studies have also shown that the stiffness of

the tissue changes in a non-linear fashion as a function of tis-

sue strain, which is determined by the subglottal pressure

and the mechanical properties of the tissue layers.22,23

Therefore, using a two-layer vocal fold model, which uses

the same Young’s modulus value(s) to characterize the elas-

ticity of the tissue, is inadequate.

Third, the magnitudes of the elasticity values used in

their model represents an exaggerated stiffness value of the

tissue. The imprecision of the tissue properties comes from

the mismatch between the Young’s modulus values that

Farahani and Zhang used and the values observed experi-

mentally21 in canine larynges. The levels of the subglottal

pressure are not high enough to produce the strain in the tis-

sue that corresponds to the Young’s modulus values that are

used in the model. The exaggerated stiffness values that are

used to model the tissue are likely to affect how the displace-

ment of the folds occurs in the model in response to the

deriving pressures from the subglottal and the vortices. The

magnitudes of the elasticity values used in the model might

be justifiable based on human data,23 but in order to correctly

assess the effect of the vortices, the elasticity values should

match what is measured in the same model (i.e., canine).

Finally, the use of Bernoulli’s equation to predict the air

pressure on the surface of the vocal folds is flawed because

the assumptions, namely steady and inviscid flow, are in-

valid. The pressure predicted by Bernoulli’s equation is

related to the ratio of glottal area and will approach a singu-

lar value (i.e., infinite) when the opening area approaches

zero (i.e., glottal closure). Farahani and Zhang did not simu-

late complete glottal closure thereby avoiding this problem;

however, our experiments simulating “normal vibration”

always showed complete glottal closure.

Other critical details have been omitted making it diffi-

cult to assess the significance of the intraglottal vortices. For

example, it is unclear why the effect of the vortices was also

applied during the opening phase, and if the direction of the

aerodynamic force applied to the glottal wall was changed

between opening and closing. The lapse that develops is evi-

dent in the results that show the glottal flow waveforms that

develop from the same subglottal pressure with different lev-

els of pressure produced by the vortices (cf. Fig. 3 in their

letter18). During the opening phase the glottis assumes a con-

vergent shape and the glottal flow separates from the glottal

wall at the level of the glottal exit. Since intraglottal vortices

do not form during the opening phase the only aerodynamic

force that is applied to the glottal wall during opening is

related to the subglottal pressure; inertance is not a factor

since no vocal tract is used. It is unclear why the model of

Farahani and Zhang predicts changes in the flow rate during

opening for the same subglottal pressure. It is reasonable to

assume that the erroneous flow characteristics during open-

ing will propagate in the model and affect the flow character-

istics during closing.

III. CONCLUSION

In order to determine the validity of any model that

addresses the issue of vortex significance, it is important that

the results of the computational model would be compared

FIG. 1. Reproduced waveforms of the (a) glottal flow rate from Farahani

and Zhang (Ref. 18) (cf. Fig. 3). The image shows minimal skewing

(SQ¼ 1.1) in the stiff case with the highest magnitudes of subglottal pres-

sure and the pressure from the vortices. (b) Example of flow rate measure-

ment at the glottal exit in a canine larynx (Ref. 15) showing distinct skewing

of the flow rate waveform. (c) Example of the flow rate measurement about

1 cm above the folds (Ref. 19) (cf. Fig. 8) also showing skewing.
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with actual experimental results. The results predicted by

Farahani and Zhang’s model18 are inconsistent with data

published for other experimental and computational models,

specifically regarding the waveform of Q and values for tis-

sue elasticity. Given the inconsistency with experimental

results and lack of agreement with published data, readers

should be cautious regarding the authors’ conclusion that the

contribution from the intraglottal vortices is negligible. The

significance of the intraglottal vortices is still debatable and

further work is needed to substantiate their role.
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