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Abstract

Breathing is the voice's driving force and also acts as a regulator of larynx function and efficiency. Respiratory distress is a
side effect of general anesthesia in thyroid surgery. Therefore, this study's objective was to provide practical and
complementary information for voice recovery after thyroid surgery, based on aerodynamic evaluation pre- and
post-thyroidectomy. From May 2014 to July 2015, acrodynamic evaluations were performed on 34 female patients
diagnosed with thyroid papillary cancer one week before surgery (PRE), one month after surgery (P1), and three months
after surgery (P3). The Phonatory Aerodynamic System (model 6600, KayPENTAX, USA) was employed for this purpose,
and a total of 29 analysis parameters were selected. The results showed statistically significant differences in peak
expiratory airflow (p=0.004), mean pitch (»p<0.01), expiration airflow duration (p=0.001), and expiratory volume
(p=0.018), based on time factors. In the comparison of time factors, peak expiratory airflow and mean pitch parameters
were different in PRE-P1 and PRE-P3. Expiration airflow duration and expiratory volume parameters were different in
PRE-P3 and P1-P3. The interaction effect of time and surgical range was significant only for expiratory volume (p=0.024).
Female patients who undergo thyroidectomy require post-operative breathing training, and exhalation improvement is

considered to reflect a positive lifestyle after surgery.
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Table 1. Subject information

Subjects, no 34 (all female)
Diagnosis (% of total) PTC (100%)
Age, yrs.

Range 21-76

Mean+SD 47.3£14.8

Median 45.5
Extent of thyroidectomy

TT 20

Lt. TL 6

Rt. TL 8

PTC, papillary thyroid carcinoma; TT, total thyroidectomy; Lt. TL,
left thyroid-lobectomy; Rt. TL, right thyroid-lobectomy.
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Table 2. Mean and SD of significant aerodynamic parameters

Parameter PRE Meiﬁ(SD) 3 p-value® Group paired
Peak expiratory airflow 4.79 (2.09) 3.64 (1.55) 371 (1.37) 0.004" PRE-P1
Mean pitch 218.20 (28.01) 199.80 (33.67) 202.41 (29.15) <0.000"" PRE-P3
Expiratory airflow duration 0.76 (0.25) 0.80 (0.27) 0.98 (0.29) 0.001" PRE-P3
Expiratory volume 0.10 (0.06) 0.12 (0.09) 0.14 (0.07) 0.018" P1-P3

$ two-way mixed ANOVA.
* p<0.05," p<0.01.
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Figure 1. Significant aerodynamic parameters in female group
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B2 1.297] 2] PAS EXH S B

Task Parameter (English) Parameter (Korean) Unit

Expiratory airflow duration S| A &AIZF sec

VTCP Peak expiratory airflow HIT 7 F& Liters/sec
Expiratory volume 7% Liters
Maximum sound pressure level o=t dB
Minimum sound pressure level H St dB
Mean sound pressure level a5 dB
Sound pressure level range =49 9 dB

MXPH Mean sound pressure level during voicing ié“é Al B3t dB
Mean pitch HdeE Hz
Phonation time 2 o] A AIZE sec
Peak expiratory airflow HIT 7 F& Liters/sec
Mean expiratory airflow AL F& Liters/sec
Expiratory volume 7% Liters
Maximum sound pressure level Aol dB
Mean sound pressure level A=t dB
Mean sound pressure level during voicing A B dB
Mean pitch iy =S Hz
Pitch range ==HY Hz
Expiratory airflow duration 37 RAEATH sec
Peak air pressure ) A EEFet cmH,0

VOFT Mean peak air pressure -‘t‘é ﬂ*é» =k cmH,0
Peak expiratory airflow H3 3 HFE Liters/sec
Target airflow x4 3U)wE Liters/sec
Expiratory volume S Liters
Mean airflow during voicing WA BT RS Liters/s
Aerodynamic power 571989 watts
Aerodynamic resistance EAEERES cm H,O
Acoustic Ohms Sk A 8k dyne sec/cm’
Aerodynamic efficiency 57198t a s p.p-m

PAS, phonatory aerodynamic system; VTCP, vital capacity; MXPH, maximum sustained phonation; VOFT, voicing efficiency.
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Mean+SD p-value®
Lt. TL Rt. TL TT Time
Task| Parameters Time |by s
1m ur-
PRE P1 P3 PRE P1 P3 PRE P1 P3 Y
gery
Expiratory
. . 2.50+£0.91 2.49+0.42 3.11+0.25 2.73£0.75 3.02+0.73 3.09+0.48 | 2.51+0.96 | 2.63+0.69 | 2.51+0.64 | 0.229 | 0.481
v airflow duration
T |Peak expiratory .
C . 4994220 | 4.12+1.62 | 3.55+1.44 | 4.96x2.62 3.56x1.73 4.12+1.27 | 4.66=1.93 3.53£1.52 | 3.59£1.43 | 0.004 | 0.807
P airflow
Expiratory
) 2.40+0.65 2.31%0.65 2.29+0.65 2.66+0.79 | 2.32+0.67 | 2.54+0.42 | 2.57+0.63 2.39+0.54 | 2.44+0.69 | 1.929 | 0.892
volume
Maximum sound
Xmu u 83.174£3.60 | 87.70+7.71 | 85.17+3.41 | 87.67+5.39 | 84.87+6.15 | 83.27+£3.60 | 88.82+6.21 | 87.47+6.60 | 87.61+6.83 | 0.474 | 0.168
pressure level
Mini
inimum sound | o7 o115 33l 55 71213.05) 57.61£10.39| 64655576 | 61.9448.02 | 62.9342.98 | 47.77414.21] 607561120 57.71412.79 0401 | 0.121
pressure level
Mean sound
78.56+5.03 | 80.96+6.81 | 80.54+2.75 | 82.05+4.86 | 79.18+4.28 | 78.45£3.23 | 83.20+6.87 | 82.154+6.49 | 81.99+6.89 | 0.668 | 0.381
pressure level
Sound pressure
26.02+14.23| 28.98+12.81| 27.55£12.26| 23.01£7.40 | 22.93+8.87 | 20.34+5.08 | 41.05+£14.04| 26.72+12.76| 29.90+£92.21| 0.311 | 0.070
level range
1;(4 Mean sound
P pressure level 78.68+4.98 | 81.21+£6.66 | 79.36+£3.58 | 82.08+4.84 | 79.19+4.29 | 82.65+5.32 | 83.59+6.94 | 82.22+6.53 | 81.95£5.89 | 0.849 | 0.308
H |during voicing
Meanpitch R13.12+32.09214.52424.69(199.29+19.20227.41+25.16212.71+£30.0 214.08+31.47206.31+28.76(196.07+30.46(198.68+30.64| 0.164 | 0.729
Phonation time | 15.57+5.98 | 14.57+5.37 | 15.05£3.57 | 19.97+5.12 | 20.15£3.48 | 20.16+4.00 | 18.87+5.35 | 16.12+£5.94 | 16.47+5.05 | 0.458 | 0.640
P.eéfilkexplratory 0.23+0.06 | 0.26+0.10 | 0.22+0.08 0.20+0.10 | 0.20+0.09 | 0.19+0.05 0.21£0.10 | 0.28+0.18 | 0.24+0.15 | 0.561 | 0.922
airtiow
Mean expirator
.ﬂn xpir y 0.13+0.03 0.16+0.05 0.13+0.03 0.11£0.08 0.10+£0.04 | 0.10+£0.04 | 0.10+0.05 0.13+0.07 | 0.13+0.07 | 0.481 | 0.368
airflow
Expiratory
) 2.00+0.58 2.19+0.62 1.89+0.37 1.94+0.93 1.89+0.63 2.05+0.63 1.93+0.88 1.94+0.78 1.99+£0.76 | 0.940 | 0.802
volume
Maximum sound
81.47+£3.89 | 83.874+4.14 | 82.13+2.78 | 85.08+5.48 | 84.05+£5.54 | 85.36+£5.56 | 83.11+£6.85 | 83.36+5.31 | 84.50+6.12 | 0.748 | 0.715
pressure level
Mean sound
! 79.98+3.62 | 82.1844.17 | 79.36+3.56 | 82.85+5.54 | 81.19+6.91 | 82.65+5.32 | 80.99+6.57 | 80.40+5.17 | 81.95+5.88 | 0.998 | 0.465
pressure level
Mean sound
pressurelevel 79.98+3.62 | 82.1844.17 | 79.36+3.56 | 82.85+5.54 | 81.20+£6.90 | 82.65+5.32 | 81.26+6.57 | 80.42+5.17 | 81.95+5.89 | 0.998 | 0.466
during voicing
Mean pitch £25.61+23.78213.88+19.93(199.29+19.20232.94+25.36[216.54+34.58[214.08+31.471210.09+28.26(188.88+33.43(198.18+30.64/<0.000""| 0.223
Pitch range 10.04£8.19 | 10.87+7.09 | 11.78+6.33 | 10.00+4.65 | 13.98+10.84| 15.93+£10.33| 26.96+35.74| 21.834+25.59| 19.24+24.69| 1.00 | 0.846
Expirato "
.xp Ty . 0.78+0.26 | 0.92+0.25 1.11+0.18 0.79+0.27 0.72+0.26 1.11+£0.31 0.75+0.25 0.80+0.27 | 0.88+0.29 | 0.001 0.262
airflow duration
Peak air pressure| 7.76+2.68 7.47+2.11 7.63+£1.89 7.85+2.01 8.67+1.77 8.73+1.91 8.09+3.73 9.44+3.97 9.20+£3.39 | 0.476 | 0.821
M k ai
v can peax air 7.11+£2.49 6.54+2.03 6.48+1.87 7.18+1.72 7.66+1.59 7.78+2.08 7.03+£3.29 8.38+3.61 7.99+£3.16 | 0.690 | 0.542
O |pressure
Flp :
eak expirator
T irfl xp y 0.14+0.08 0.18+0.03 0.18+0.05 0.20+0.10 | 0.16+0.08 | 0.18+0.09 0.18+0.12 | 0.22+0.15 0.19+0.11 | 0.766 | 0.227
airflow
Target airflow 0.13+0.07 | 0.15+0.30 | 0.15+0.05 0.15+0.07 0.10+0.05 0.13+0.08 0.14£0.09 | 0.16+0.12 | 0.14+0.08 | 0.971 | 0.245
Expirat . B
xlplraory 0.09+£0.03 | 0.14+0.05 | 0.17+0.07 | 0.1240.08 | 0.074033 | 0.15+0.10 | 0.1040.07 | 0.13+0.11 | 0.12+0.06 | 0.018" | 0.024
volume
Mean airflow
. .. 0.12+0.07 | 0.15%0.02 0.14+0.05 0.15+0.07 | 0.10+0.05 0.13+0.09 0.13£0.09 | 0.15+0.12 | 0.14+0.08 | 0.953 | 0.287
during voicing
Aerodynamic
0.09+0.07 | 0.10+0.04 | 0.10+0.05 0.10+0.61 0.07+0.03 0.11+0.09 0.09+0.07 | 0.14+0.12 | 0.11+0.07 | 0.823 | 0.298
power
Aerodynamic
. ty 78.49+68.58 | 42.64+15.86| 43.97+8.89 | 75.89+95.50| 94.13+64.79| 74.39+45.97| 74.02+50.97| 86.15+78.74| 73.21+59.21| 0.553 | 0.471
resistance
Acoustic ohms | 80.04+69.94| 43.49+16.17| 44.8449.07 | 77.39+97.40| 95.99+66.07| 75.87+46.88| 74.47+51.88 | 87.85+80.30| 74.60+60.38| 0.553 | 0.471
Aerodynamic
fﬁciency 315.75+295.52/404.59+450.10[985.53+164.40]1,298.19+2,817.61(820.90+1,255.90788.67+114.81{768.43+1,275.80358.40+432.27442.54+440.53] 0.287 | 0.781
e

$ two-way mixed ANOVA.

* p<0.05,"" p<0.01.

VTCP, vital capacity; MXPH, maximum sustained phonation; VOFT, voicing efficiency; Lt. TL, left thyroid-lobectomy; Rt. TL, right thyroid-
lobectomy; TT, total thyroidectomy.

Young Ae Kang et al. / Phonetics and Speech Sciences Vol.12 No.2 (2020) 73-80 79



—~

] }o] Aupu]EE] A4 S 7HA] T AR —“iﬁé
A 815418 thet A e At e, 5 e
EEELER Ltﬂ WA o 4] A}

W_ A S AT 27198 74/\?@42 4
R e -6}1:]- 2014 59 5-E] 20159 79744 7+
Fd, & 17H%J, =33/ Lol 37198 HALE A
7] A}, HEE HE A Y Al A= X‘ﬂﬁ]/\]ﬁ
AS AHE3H) 31 BA M= E 0970 0] 1], AJ7EQ <l
57 ]_'Tx]i/\]z_(p 0.001), 571 FH(p=0.018) W7} EA2 0 2 £-9]

N

-

o
oo
o
)
& b

HL )
Q
i
o rfr
:}L
foy o
)
ofr o ot
ol
% =)
s
)
e o
—>."1: 02

0_1]1

N
Ko
fol

o

-

=

r°ﬂ'

% o

s

>

il offl
>

L 2

I
° %

2
o ri

o n
il
2 fof
ol
N
ojr
4z
EN
oty
=

S
E
o

-
T
1‘3 y
L Lo
% o
}_;1 -
= J
)y
M
rl

s
=
e
2
0_>A4.4 r_\.u
Wt -

o L )
=50
il Ko
2E>
i

>,
o i M

a3tk A oietn], B3V
HE 3485 A= A%
-2 3 315 7] 5F-8(p=0.004

21_5
ofo
P
%
o
;

i
ofo
_>|i

11_]

]_

[0

2

T

ok

)
= U: J

o,
=X
oo -
ki
i
S |

s

W% ol 2 Witk ol ARrRA1S] TS wel A H 15/ F-E BT WA £ 84 FIE 1, =48-553
N Aol 5 BGlan, S FA S 5713 fas % =3, T4 E- %Efrm 4 Aol E Bl
At el Y] S A Gk 571 (p=0.024) Ml 1&%,1 ST} A A %S wE SJ A oA
A7) FE e W] Aol7h glom o= a ¥ EFEH e dade] o AL} &
7% g Wshs 5 § 9 A A gs 1 iy OEEOV%

TR 5 5(2010). A = F 58Sk I S A gt
SH1813]7) 3(1), 8-14.

ZF@ N, TEA(2015). 13 e ol mE 53 0] = FH B7182014). I 5% T 2B [jFto]H] 9 E 5187
M. g2E] 2 258 7(4), T1-83. 57(5), 297-303.

goll, AR Y, TEA(2016). ATHEF AL EFT A% %

& g7 st M W} ko] 9f 257 8(3), 39-49.

3], T-8(2015). T3 AAlE S04 Aollo] Bl gigt

24 ¢10]2]8}:3]7] 26(1), 16-20.

2574, 2718 88, 2 A4M, $AA, ol 8 F(2014). 1314

Ae 82 g0 T8 VA gf ke8], 7 (1),

A

o178, o} &4, AEH, T8, A K, AT, JETE, - =
A8ks) P AE 9 o AR A

2016). 2016 A T A8} 3]
JRFANAGRY. i SFEFY8)51R] 9(2), 59-126.

O, b, 4, A F] A, &3] (2015). A AAlE F 7]
A SN 3198 EA Y SRS FA. gieRE
T ¢10]2/315] 7] 26(1), 25-33.

* o] Q7L SISt SHEATAFA ) SJ3) AU AL

80 Young Ae Kang et al. / Phonetics and Speech Sciences Vol.12 No.2 (2020) 73-80



