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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.

Keywords: thyroidectomy, aerodynamic evaluation, female

WEAAde] dF(T%15%)7F #4734 kol 20009 =
o] BIE 2ot 7]717F /el d] 2ol Al Hi A A A7
Ao A eyt W2 S5 278k QTh(Yi et al,

2016). 74 & T RIS S FAA Al o7 SAAWSE

2010; Hong, 2014; Kan ol
6“04?011*1 A £ FABE S 5 woﬂ fﬂf& 2
b

* This work was supported by the research fund of Chungnam National University.

** bskoo515@cnu.co.kr, Corresponding author
Received 27 April 2020; Revised 18 May 2020; Accepted 18 May 2020

© Copyright 2020 Korean Society of Speech Sciences. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-
Commercial License (http:/creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any

medium, provided the original work is properly cited.

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


https://crossmark.crossref.org/dialog/?doi=10.13064/KSSS.2020.12.2.073&domain=pdf&date_stamp=2020-6-30

] (strap muscle) 2 77122 F-&e) &gt k-5,
ST W AN & A I ellA] Al frEK(Hong,
2014), It B 7|2 A gl A Skl uhE A o)y
T, e T Y AAL, A eSS, 5 A sl
A WA, A 7)s At 22 U] ¥igt 58 =1 3l
TH(Choi, 2010; Kang & Koo et al., 2015).
L HeolA St FVE TUEE WNEHE =
7534%0]7101] 5 3] A E Rl 3715
7} ok sApeiet 254 Zpo) 7k QA o
Rl "]’/H ﬁg A 7d-$(lobectomy) HAAIWEF A|7Fo] B
1A% 22 531 AA A 7 -9(total thyroidectomy) T
Alzro] H g @ttt o] gl A AAlulE A7) Aojd= A 75
3tE AA HEE e 82 37198 AxE 4
sto] e A S571%50] F&EEA gRlste] £4
Aol 713 JRE 488 a7 glrk
Shin et al.(2014) A= A A& T2 2179 (24, 4:17)
= o E ad-eF1F-aveTol A4 37198 AAE A
At A7, %1500 Fat 9] #hol 27]'01":]' E5670l A
AL FE & HoP A AR Asate] SR gS
Hugth st 2 AddAT+= & F 34
TE ARGk oll AREARI Q1 el A $hx) 5] 57

A} gt k4l ol glek,

S &, Tl

¥

[

_I

[e5

Lee et al.(2015)°14 &= 73 A Al &S 72 207 (F: ¢, 2:18)
< SAEHE F5o et 747 1084 U] e &
T3l AA 7198 A AR NE v wskeleh 7 7 1)
&5, F S7)FE0N Aol gllon, Ao A &A| 7k
R e &5 A7 a-S7E B BAFOE f9
u]3k 2o]E B} 3 BE gAR A 5FE 859
SAAEE 277 23715 AAlEte] AR F g ol X|qtE <
st HAGEAAIZTY] S I SAAAER 5
S NS BlaL o] AlRlo] 337 dol 7 HellA 1
A 7e YEOE % FINYHAE E57)50] Ekdsitt
ATt

o, 10:40)0& o= #d-=F17-5537/0L 3718t
AVE s mgkk, B A7k A7 et ol Yl S
hEe] HehAE g ot £EU G A v AHA)e

£ Aol Gtk FuA FF Sekarlo] JYHAA ek A

Stojadinovic et al.(2002)l1 A= /A Al%-& wh2 507 (-
xe]

a2

A A A M9l B A et A$T) 33% AER BT

wloll ghxke] WGl E A Ao ofsshs Slo]

Bup st vk Faw, & Agdel & 37H

ol FoIAp7E41g £of 6%t HAE Wokth o= v SA

AR S 482 W AS5ghow Q18] 15 E 46 T

Aol T ER 2 A= 5018 0] obd 467 0] AR 34
oF gttt

Solomon et al.2012)1 4= AAlnkE] wf 7| S0 e §F
A& Blah] flalA A AAlE 2 807 (0, 33:47)
I 2T o2 HFo] 9] % (nonneck surgery)S W 16™('E:

of, si1y& to R #-EF2r-EF3/199) F71998 A
A3}, 7 A 2w e x g o] §

e R EES RPN RIS DER T R S L
% F 40) BA7} dekel Mgl 371 45 ol n o)
AT e A7) Solwa) Agel B HTE 4
ARk A 0 2 PN 54 BAES SF 3% Y T4
A Mz B AR Aol By S YR
golehd stk By net S el e A 9

g
w@ak= Zlo] Bfeal] ®elt,
Maeda et al.(2013)°14 = 1108 (‘2= 19:91)2] T A %=
AT O FTOE oJEH HAleS w2 133 ] FAE
o sd-sdT-eSNd-e33Mged 3198 AxE
IASFATE AAATo] AT oA P AR 291
3] FAATET Hof AP G Bt ST F-Eo] F2v
sHAl =itk Bst =A% T84 Zﬂi(central neck dissection,
CND)= AAeHA] ¢k SRR T A F-d A& o] A3t 3t
A AE AR A ARG A EAIR o] B Aot a5
17§ oll= FAI A AP 7 §ll Tk Bogh AR d A& 2ol
74 A& (total thyroidectomy with CND) #2b= 4 & &
s} JaFo] FE P om o]= Yy} 3ol Hjg=o] ol &
FF0] H-F wjFolgta Bk o] WshE YAHoR B
25 3 glolxivty gl
Yilmaz et al.(2016)°714] 44‘3#(”01 9:35)°] A
A e s x-S Uld-e33714d 7 A *}é ¥, Hojl
AL G A T mhE s/ ”““]7}«1 FreJu] st Apol & B
I, #F 1Kl 7 W FAIN I =%370E 011/‘1 &
L2 AT AT o] W3, vol, e 71 3F
o7} o2} EHKtumor) 2] FF(%J benign vs. OL”“mahgnant)
Fatolgtar ®gkow oM T4 sRtel Al HAE] Wt JR
£ & o v)g] Arg ol drha Fg Aok
] o] A 6“04?01]’\1L WHAAAES 2 x5 54

it m

|

oo BT
flo &t 12 rlo

e

oY K

mr“zi’_\lzal:

ATy

O

AR 20159 A AE B SFA B4
& oy

h=h
S 93k A 3 (Kang & Koo, 2015)°]] o] 8 thAkA}E0]
2 AFoM = R E A F& oA T 37198 AR I 2
S5 Al

2014 SERE 2015 7E7HA] BLA A /FFY
(papillary thyroid carcinoma, PTC)C. 2 ZIetgtyl 713484+
< e BAE YR & 179 HPRE), T& F 1€

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



(P 9 = F 3704 @3)ell 37198 HALE AASith Be ¥
71938} AAE Aol on] 153} 4F-2] 7} 8] 7$-F U A % (Olympus,
OTV S7Pro, USA)& A&-stod $kx1] Ao el s Eelstsl,
Adieiy], BAY7] 2, 3985 58, 557 A3 HEF H
g 2l QA gdRE AQAIA HE o 349 S ARSIt
AA NI A Q= 21764, H T EETHAL) 47.34)(+14.8),
TG 4554101 FEEHS A A E(total thyroidectomy, TT)
207, = 4@ Al(left lobectomy, Lt. TL) 671, %5 934 All(Right
lobectomy, Rt. TL) 87101 TH(3E 1 #x).

BE T2 Yt A2 1200 gaA] o]Foj R on

o]

SHsE g A3 A A28 9] S)lE ot

>l

HE1LUWIAAHRE
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 EX 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.
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