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Aerodynamics of Speech using Aerophone II
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LEVEL of observation Rechniques

Perceptual Listener ratings

Acoustic Fundamental frequency,
amplitude, duration

Aerodynamic Subglortal air pressure,

laryngeal air flow,
lung volume level
Movement Fiberoptic laryngoscopy.
stroboscope laryngoscopy
Muscle and neural

innervation Electromyography

Kinds of phonatory study

CLASSIFICATION

On the basis of method

A. Aerodynamic study during sustained vowel or
not(Static)

B. Aerodynamic study during speech(Dynamic)
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PARAMETERS

1. Air Flow{ml) ; ex, mean air flow rate

2. Air Pressure(mmHg) ; ex, supraglortal- and su-
bglottal pressure

3. Laryngeal airway resistance{mmHg/L) ex, glotal
resistance

4. Laryngeal efficiency

5. Phonation time’ ex, maximum phonation

ume

1. Measurement of Air Flow
1) air flow during sustained vowel (static)
9) air flow during continous speech (dynamic)

3) nasal air flow

cels

AIRFLOW

200} Normal & acqules

SUSTAINED /e/

Airflow during sustained vowel

-
L!OO cclsec

Airflow during continous speech

2. Measurement of Air Pressure

F ®:

A. Maximum intraoral pressure; ex) lip paresis

capability of respiratory system but can not evaluate
the speech performance

B. Supragloutal(intracral) pressure

1. advantage

; evaluate the inadequate ventilatory activity

; important for evaluating the entire speech sys-

tem

2. Placing a sensing tube

; generally sensing tube placed in post oral cavity
or oropharynx can use entire speech samples two me-
thods ; through nasal cavity through buccogingival
sulcus arround the last molar but both methods may
have trouble ; sensing tube placed in just behind
the lip can use a limited speech sample(only labial
consonants)

3. Measurements

; evaluate the each air pressure for each phonemes
during speech

3 Usually peaks indicate the consonants, and du-

ring vowels pressure is essentially zero.

face mask

laryngeal 2ir flow

thoral pressure
e e

P a

C. Subgloual pressure

greater diagnostic and therapeutic value in speech
disorders Methods . Three methods

1. Speech measurements 5 Direct methods

; sensing tube placed in the subglottal region th-
rough pharvnx or trachea directly

; no special calibration due w direct measure

+ some risk of damage or bleeding due o invasive
method

2. Speech measurements ; Indirect methods

: measure the estimate of Psub(EPsub)

* Using Esophageal pressure

1 sensing tube placed in the esophageal lumen

; the air pressure in esophagus reflect the rracheal
(Psub) .

i problems ; influence by intrathoracic pressure

hung-volume-correction factor during speech or res-
piration esophageal pressure is always lower than the
lung pressure different calibration method should be
applied.
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TO PRESSURE
TRANSOUCER ———— g

R /,_ i ST “.,J "
CATHETER / ‘
NEEQLE

Direct method through trachea

—  PITCH
INTENSITY
AIR FLOW
L/\:«/ “ PRESSURE
ﬁﬁoummn: Q__Ey VOICE

subglowtic
space contact
v \ micraphane

Direct method through subglottic space

*Using oral pressure

; sensing tude placed in just behind the lip

s EPsub stands for pressure at peaks oral pres-
sure

: extremely simple, non-invasiveness to patients

ZRW (By Smitheran & Hixon(1981)

BN FE7IEH QRIS HAFH
L AgE Sz ARG Ed g 3%
Fut2 g2 AN ARY EeaE vAag &
g3teH ol F7137]&2 pneumotachography &
E3td 24", air pressures 12328 53 4%
A& AT EYNEA FEA A3t AR
At e A4z dead S /pi, /phil, /p'vd
B3 /p/d FEE BEFLA oA e ARTAY
HogXRE AN & /p/ 24 U deH &
TAE A4HI AR FESGA YAHA 7
g JEsgEd e dAsAEd. diAe 27

e &2 2179 dolg ¢ T¥old WEAE
ool AHAE AN Fud FFo=
g orR =) $ vita capicityd] 60~35% BT
A s ejorditt. FHA FNENEE Z2
ol A 2ge FHEACA oA, HEFHY
He Ahe dolof g T4 s HY ¥
ZLEANA g dZse AY 2g FUE)
hte APAA ER8
L laryngeal air tlow

tace mask
«‘\\> -~ _“ré- -TT T

—~ — @ — est. subglottal
X M\w“aﬁ Drossure
pressure . l I ‘
Ao

tube
p [ P

Indirect mothod through esophagus

INTRAGRAL PRESSURE

AR FLOW

TN

et
VOWEL SOUND

Aerodynamics of vowel production
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INTRAQORAL PRESSURE

Aerodynamics of voiceless plosive /p/
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VOWELS VOICED VOICED

FRICATIVES PLOSvES Yoiceless

The supraglottal and subglottal pressure difference

$. Measurement of Glottal Reisistance
A 9] ! Transglotal pressure divided by glottal air
flow Transglottal pressure=subglottal pressure-supra-

glottal pressure

GLOTTAL A, (cm H,0ilUsec)

VOWELS VOICED VOICELESS VOICELESS BREATHING
FRICATIVES FRICATIVES PLOSIVES

40 4

30 A

20 4

30 -

251

— ~n
o (o]
1 1

)
1

Rz {em H,0/U/sec)

o] — =

—
10 20 30 40 50
GLOTTAL AREA {cm?)

The relationship betwen glottal area
and glottal resistance

VOWELS

_ -~ FRICATIVES

- ..+ PLOSIVES

_____________________ BREATHING

¥ v T T T T
0.025 0050 0.075 0100 0125 0.150

FLOW ({L/sec)

The relationship betwen glottal airflow

and glottal resistance

CLINICAL APPLICATION(ZIAI 28)

1. Dynamic aspect of speech production

2%

29 B8 e 7S HA AHE seastic

picture T-& HAF AT syllableE WE =R L dy-

namic

speech productione] #3 FRE AF vt

Zdel JA4.

1) laryngeal air flow & fundamental voice freque-

168 —



ncy, subglottal air pressure A £, open/closed quotient

of individual glottal cycle, vocal fold stiffnessE 9] 4
g2 uh=r},

o8 T

92) laryngeal air flow g BE 22 2P

ZRE #EE WEF J2EZE subglotal pressure.

o} §7 £33 underlying laryngeal & respiratory
functiond] ¥¢ FEF JRE A= E3of I}
3) laryngeal airway resistance(Smitheran & Hixon)
; subglottal air pressure / laryngeal air flow(85.7
cmH,0/LPS)

2. Understanding the disorder

Aerodynamic data® &4l o] Wej A gl & o] 3] 3t
o 243 B E Fo] 48A9] pressuure-flow
dara & AN E TEY 2Y T ZAFL2H B
A7k A =A% deviation HEAE 44 ¢4t
o] &0} perceptual rating ¥ aerodynamic data’d el
A} breathy¥t &4 pressure A4} flow 7} 400
cefsec Ol LHRA BEFEY A2 HFFA
F 25 flowE ©}71A1Z1 Z#o]H strained voices co-
mbination of low flow & excessive pressure F-& pres-
sure’} 10cmH20 ol ¢ dd 24 Fhdd e 7]
213} 3L rough voice combination of high flow & pre-

ssure

3. Planning therapy

Z#=o] EAE pressureflow data®RgX 92
HEE 47 TR oY VHY AEWFE A
ded ©8¢ o AZARFE A5FZARAY
Arolol 7] G583 HAALE gL /15T 2N
NgEH 1B XNEFTY B8 BT S99, 2
PR ARZANVE 2R ed =5 ¢ A

4. Therapy

Aerodynamic data¥e visual feedback 2.2 o] &7t
380 A5 AN A7 e AN
AL HAEFAT

548 E

Laryngeal aerodynamic data £ @A A
£ AAEERY FERAE neste Frie ook
8}1), vocal pathophysiology?] o138, X874 89 23,
feedback tool2 A2}l o) g a1 ZFyPAFI} o)
&8 F9

Aerodynamic Parameters using Aerophone

1. Parameter definitions and calculations :

1) Peak flow :
The greatest peakflow value in the cursor-selected

segment

2) Volume of the first second of forced expira-
tion :

This valus is important for lung physiologists, be-

cause it gives information about the free airway passage

and the force of the expiratory activity of the lungs.

3) FEVI in % :
The forced calculates the amount of air comming
out during the first second of a forced expiration. This

value is impotant same as in 2)

4) Vital capacity or volume :
If the result table contains more measurement, the.
greatest value is selected for computation of the pho-

nation quotient.

5) Duration, maximum phonation time, or dura-
tion time :

The duration is calculated as the difference between

the maximum and minimum cursor positions at the

time axis, i. e. the length in miliseconds of the red

bar.

6) Loudest and softest tone level :

The sampled data are low-pass filtered in softward,
and the maximum respective the minimum SPL values
are found. The low-pass filter is designed as a simple

FIR-filter with a running average over 20 samples.

7) SPL range :
The dynamic range of a cursor-selected segment is
computed as the difference between the loudest and

the softest tone level in dB SPL.

8) Average tone level :
The measurements are transformed to linear values

which are averaged arithmetically in the cursor-defined
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segment. Then, the linear average is-transformed 1o

the logarithmic measure dB SPL.

9) Mean airflow rate : (Selected in the Option
Menu)
The volume of air in the cursor-selected segment

is divided by the duration of the segment.

10) Phonatory airflow rate : (Selected in the Op-
tion Menu)
The average airflow rate measured during the lou-
dest 6 dB of the SPL curve.

11) Mid pressure air flow rate : (Selected in the
Option Menu)

The average flow rate of the vowel flow rate measu-
red in an area of 50 ms(25 ms on both sides of the
midline) between two maxima of oral air pressure
measured in the [p] sounds in the nonsens word

Cipipil.

12) Target air flow rate : (Selected in the Option
Menu)
The average airflow rate of the mid 50% of the
sampled flow values, measured during the loudest 6
dB of the SPL curve.

13) Phonatory SPL :
Phonatory SPL is the average SPL value in the upper

6 dB, whereas the max. SPL is the maximum value.

14) Average Pitch :
The arithmetic mean of the sampled pitch data in

the cursor-selected segment.

15) Pitch-Sigma :
The distance is semitones between the 20% and
the 80% percentiles, i. e. the middle 60% of the pitch

data in a cursor-selected segment.

16) Glottal pressure :

The subglottal pressure is considered to be approxi-
mately equivalent to the oral pressure during the pro-
nunciation of an aspirated [p"] as in [ipipil, where
the glottis is widely open. Therefore, in this situation

the oral pressure can be considered as a substitute

for the subglottal pressure.

17) Glottal resistance(depends on the selected

airflow type in the option menu) :

The glottal resistance is calculated as the maximum
subglottal air pressure divided by the airflow rate th-
rough glottis.

m R,=Psubg / F,, When measured in [cm HyO/li-
tre/sec], (called an acoustic ohm by e. g. Rothenberg
(1968)),

or m Rg=PsuBg / Fg *0.10187, When measured in
the cgs-system with the unit [dyne *sec/em®], (this
unit is called an cgs acoustic ohm. But it is 1.87%
greater than an acoustic ohm expressed in the unit
[em HoOflitrefsec].)

or m' Ry =Psubg / Fg, *0.10187 *106, When measurd
in the mks-system with the unit [Newton®sec/m3].

The unit [dyne *sec/cm’] is the most commonly
used unit for measurements of the glottal resistance
in the phonetic and phoniatric literature at the mo-
ment(Hirano(1990), Sataloff(1991)). It is in agree-
ment with normal convention to call this unit an acou-
stic ohm, as it is done in the result table. However,
as the mks-system is preferred today by technicians,
the results are stated in [Newton *second/meter®),
which can be read as acoustic ohms, if the unit is
105#(N*s/m°®].

18) Aerodynaic input power

The glottal input power is calculated as the subglot-
tal air pressure(measured as explained above during
the [p] closure) multiplied by the airflow rate. As
there are three possible airflow rates(phonatory, mid
pressure and target airflow rate, there will also be three

different input powers).

Poweryeodyn = Psubg ~Fg *0.10187
(the constane 0.10187 is used for the transformation

from cm HyO to Newton/m?)

19) Glottal efficiency
Glotal efficiency is the relation between the acoustic

output power and the aerodynamic input power.

Eff,= Power,cousic / POWETaerodyn
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20) Ad/abduction rate :

This parameter indicates the rate of closing-opening
movements of the vocal fold in Hz(movements per
second). The patient says [a’a’a’a] as fast as possi-
ble. The pronunciation may be either voiced or voice-

less, but the results will differ from each other in the

two cases. If the patient has a paralysis of the vocal

folds the rate will be outside the normal range.
These calculations may also be used for registration

of velar paralysis by measurements of the velar ope-

ning rate, i. e. when saying [bmbmbmbmbmbm](as-

fast as possible with closed mouth) ; or facial paralysis

when saying [pipipi] as fast as possible.

A:\DEMO.AP2

7 MAX SUST. PHONATION

REPLAY

SPL: S0-100 dB TONE: 200 Hz FLOU: F 300 0.5 1/s
0.000 SEC $0.000 SEC
FILTER
P R U
20 o M e e e
60 4 -0 e ke e e
50

75
38
o
cn 120 |
0.40 7 ANTIALIAS
20 - SELECT:
INS & IHS
Lo L PP
UMSELECT:
1 PEL
1/scc
0.20 1 o\ s A roceLe
HARK
©.10 A1 o o \-’""\'M\',—_/-‘f\ Z00M « Z.
0.00 _a, CALCULATE

!PCDOUN FORU. PCUP BACKU.

v~ XSCHLE

: YSCALE « CURSOR PRINT £ND |

CONDITION: MAX SUST. PiHONATION RECORD Lo: 7

PAREMETER FREQ. LEVEL TIME INTERVAL VALUE !
VOLUME 128 Hz 75 dB 1.812- 30.669 sec 3.470 litre
MAX PHONATION TIME 28.857 sec

PHONATION QUOTIENT 0.137 1l/secl
MEAN AIRFLOW RATE 0.120 1/sec
MELN SPL 75.2 dB :
SPL RANGE 24.0 dB i
AVERAGE PITCH 127 Hz ;
PITCH-SIGMA 20%-80% 0.2 semitf

The aerodynamic datas during phonation of sustained vowel i/
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D :\AEROPHON\PAK\AP2\DEMO .AP2 12 IPIPI <UOICE EFF.)

SPL: 50-100 dB TOHE: 400 Hz PRESS: 10 em H20 FLOU: F 300
1.310 SEC
| -2

REPLAY
1.0 1/s
3.310 SEC

L IR r
aB

90
70 -

Hz
300 7
150 A

cm H20
8.00 1

4.00 4 -

0.00

1/sec

0.80

TN N

ENTER = ACCEPT NUTOSELECTIONS END

= REJECT AUTOSELECTIONS

Target flow rate, power, glottal efficiency and glottal resistance
can be calcurated

D : \AEROPHON\PAK\AP2\DEMO . AP2 14 FAST AD-/ABDUCT IONS REPLAY
SPL: S0-100 4B FLOU: F 300 0.5 1I/s
0.110 SEC §.110 SEC

aaMdAAAD A adnABARAAAA (\f\l\l\r\r\f\r\r\m\m;\

ENTER = ACCEPT AUTOSELECTIONS

END = REJECT AUTOSELECTIONS

Rate ad-/abductions of glottis can be measured in spasmodic
dysphonia and unilateral vocal fold paralysis
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Nasometers

&Y HEE Y YAH ¢

— Clinical Apllications of Nasality Using Nasometer —
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Nasometer™

Developed by Drs. Samuel Fletcher, Larry Adams
and Martin McCutcheon at the University of Alabama

at Birmingham, Biocommunications Department,

General Characteristics
1) A computer-assisted instrument, was designed

for both the assessment and the treatment of patients
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with “nasality problems”.

2) The objective measures of nasality derived from
the ratio of acoustic energy output from the nasal and
oral cavities of the speaker.

3) The ratio of nasal to oral plus nasal acoustic
energy is calculated in terms of percentage and displa-
yved in real-time graphic form on the host computer
screen.

4) As nasality increases, the nasalance trace rises
toward the top of the display screen, or the 100%
nasalance mark. Subtle changes in the degree of “nasa-
lity” are reflected in the nasalance percentage.

The Nasometer is shipped with the following co-
mponents :

* Nasometer, Model 6200-2

* Nasometer/IBM Interface Printed Circuit Board
* Nasometer Headset with Plastic Guard

* Calibration Stand

* Nasometer Program Diskette

* Interface Cable

* Instruction Manual

Applications

As an assessment tool and the treatment process,
the Nasometer facilitates the investigation of nasalance
over time, up to 100 seconds.

*Measures su&h as mean, standard deviation, maxi-
mum and minimum nasalance

1) Maxillofacial problem, anatomical and neurolo-
gical cleft palate, VPI, tonsilloadenoid and muscle wea-
kening

2) Obstruction of the nasal passageways

3) Dental prosthesis

Interpreting a Nasogram

If the mean and standard deviation scores are out-
side the normal standards, then examination of the
configuration of the nasalance curve(usually the avera-
ged Nasogram) can be beneficial. The following gui-

delines may be of help. Such information can also

be helpful in establishing the initial settings for treat-
ment goals,

1. Look at the general level of nasalance.
(%, the ratio of nasal to oral plus acoustic energy)

2. Characteristics of the nasalance curve :

* High and flat, suggesting gross anatomical or
neurological deficiency.

» Low and flat, suggesting obstruction of the nasal
passageways.

* Gradual rise of the curve across time, suggesting
muscle weakening as from myasthenia gravis.

¢ Marked variations in nasalance across time which
may or may not be linked with occurrence of nasal
consonants.

This suggests discoordination in velopharyngeal val-
ving.

* Marked elevation of nasalance on specific phone-
tic elements such as the /i/ vowel, suggesting marginal
velopharyngeal competency is being nullified by inc-
reased impedance to the sound stream when the to-
ngue is raised to 2 high position within the oral cavity.

* Nasalance above 50% (on a non-nasalance pas-
sage such as the Zoo passage), suggesting high, poste-
rior posture of the tongue combined with marked ve-
lopharyngeal deficiency. (Nasalance should reach a
theoretic limit of 50% since that would represent equal
flow of the sound strea through the oral and nasal
passageways.)

* Nasalance variability not linked closely with the
phonetic characteristics of the spoken materials, sugge-
sting reduced sensory awareness of nasal versus oral
air flow as in the deaf.

¢ Less than 10% difference in nasalance level with
and without an obturator in place, suggesting that the
obtruation is insufficient to produce optimal reduction

of nasalance.

A. Nasometer Normal Datas using Standardized
Reading Passage
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1. in USA and Canada

Test passage Mean nasalance SD of Mean

1. in USA and Canada
Zoo passage 15.5% 4.8
Rainbow Passage 85.6% 52
Nasal sentence 61.0% 6.9

2. in Korea
Rabbit(E7] 2t AE]) passage 174% 3.8
Baby(©}7]) passage 32.6% 6.1
Mamma( %7} passage 54.7% 5.8

B. Speech materials

Table 1. Speech materials

Oral sustained vowel - /a/, /i/
Nasal consonants bilabial #}4} /mama/
alveolar Y} /nana/
velar Ut /anan/
Rabbit passagc ~ AH0l¢ E7|o &27] oJopr|&
(NCR:0%) fkopukiwa tlokiwy talliki iyakicjo/
EAZL Arlstn ga87] AEEAa
/toK’ika cakihako talliki sihaphacako/
A 2IAAA AFel7t 2RI Hole
/kPwke solictica dopukika kwlocako hewjo/
Baby passage op717t PutEel FE] UL
(NCR:11.7%) /akika smmapPume camtwlo itwlk’ajo/
F2obr] dgolr] A2 FAL
/uliaki jep'wnaki sekwn sekwn camcajo/
Mamma passage Yt 4 HEHE ©Eo
(NCR:347%) /ommanwn hansan lemoncemwl mantwo
JEF T kol FUt
/imolah nunalah nanuhupnita/
et F& 90t

/uliomma cown smma/

*NCR means nasal consonant ratio in nasonant ration in nasometer passage
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Clinical Applications

A. for the Chronic tonsillar hypertrophy

“Effect of tonsillectomy on formant and nasality”

(ko] QA A, 37 543-552, 1994, $7|&, AFZ,
2971

before wnsillectomy 013

afier tonsillectomy

0.60

0
Fig. 3. The slope of alveolar nasal consonant before(A)
and after(B) tonsillectomy.

50

Average | 135%

=

50

- : Average | M6%

0
Fig. 4. The nasalance with rabbit(A) and mamma pa-
sagas(B) before tonsillectomy.

Table 3. The values of nasalance(%) with sustained
vowe! /a/ and //

Sustained /a/ Sustained /i/

pre. post. pre. post.
Mcan 11.1 19.3 23.4 344
Maximum 27.6 47.4 58.0 76.8
Minimum 4.2 4.4 7.8 9.1
S.D. 7.4 12.2 12,7 16.7
P : p-valuc p<0.01* p<<0.01*
NP © p-valuc p<0.05* p<0.05*

Table 5. The values of nasalance(%) with nasometer passages

Rabbit passage Baby passage Mamma passage

pre. post/ pre. post/ pre. post/

Mean 14.5 21.0 31.4 37.4 53.3 59.9

Maximum 96.1 50.8 433 57.0 67.0 74.7

Minimum 6.4 6.5 23.9 24.7 6.8 89.1

$.D. 6.2 9.3 55 8.9 7.8 8.7
P p-value p<0.01* p<o.01® p<0.01*
NP : p-value p<0.05* p<0.05* p<0.05*

P paired t-test, NP . non-paired t-test
* © stagstically significant
S.D. : standard deviatdon
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B. for the nasal polyposis

“Assessment of nasality changes after surgery of na-
sal polyposis”

(Aol 1A, 38 1 1049-1057, 1995, F718, B4,
ALY et al)

. DY o
~ ey P
: . p s~
‘/ . <
N /—N\. ¢
/m a m a/ /m a o a/
slope +0.16 preoperative
. e
ig /m a m a/

/m a m al/

slope +0.52 [OStope?ati\'e

slope score before and after operation

C. for the Orthognathic(2tA) surgery
“ Nasometric characteristics for pre-and post ortho-

athic surgery patients ~
gn gery p

Uzg, 42y &

oo T

Table 2. Nasalance scores for mamma passage

Nasalance(% )
Control Preop Postop
Mean 54.7 45.7 57.8
Maximum 63.3 62.2 69.0
Minimum 47.3 34.9 52.0
SD* 5.8 6.9 3.9

Normal vs Preop. : p<<0.01

Normal vs Postop. : p=>0.05

Preop. vs Postop. : p<0.01

Preop. | Preopérative group of nasal polyposis
Postop. - Postoperative group of nasal polyposis
SD* . standard deviation

Table 3. Nasogram slope scores for nasal consonants

{meanz D)
Consonants  Control Preop Postop
Bilabial 0.79+0.17 0.40+0.15 0.69+0.14
Alveolar 0.80+0.12 0.37+0.15 0.63+0.13
Velar 0.56+0.12 0.29+0.11 0.45+0.08

Normal vs Preop. for all consonants : p<0.01
Normal vs Postop.
for alveolar and velar consonants : p<0.01
for bilabial consonants : p>>0.05
Preop. vs Postop. for all consonants : p<l0.01
Preop. : Preoperative group of nasal polyposis
Postop. « Postoperative group of nasal polyposis

(RO sAE =27, 19949, ABga

AHe 739, AP, JED)
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