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Background and Objectives

The purpose of this study was to compare the nasality and

acoustic variables of control subjects and those of patients with deviated nasal septum (DNS),
preoperatively and postoperatively.

Subjects and Method Twenty patients who underwent septoturbinoplasty (DNS group)
and ten control subjects (control group) who did not complain of nasal obstruction or did not
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Results

consonant were detected.
Conclusion
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show any anatomic or pathologic abnormality were selected. Performed for these subjects were
acoustic thinometry, rhinomanometry, nasality test and long-term average spectrum analysis of
nasal sound sentence. Data were collected and analyzed prior to and 4 weeks after the surgery.
In DNS group, the volume of nasal cavity was significantly increased and the nasal
resistance was decreased significantly after operation. There were no statistically significant dif-
ferences in the nasality of all sentences in the DNS group compared to those in the preopera-
tive and the postoperative group. However, alternations of several acoustic variables in the final

Alternation of nasality and acoustic variables was observed after septoturbin-
oplasty, however, the changes of nasal resistance have been shown to contribute to the results.
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Nasal septum - Turbinate - Voice.
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Table 1. Comparison of nasal cavity, nasal resistance, nasalance

Septoturbinoplasty and Nasality I Park HS, et al.

HIZE7]E A
H)73E7]| %= HAR= Eccovision Acoustic Rhinometer(Model

AR-1003; Hood Laboratories, Pembroke, MA, USA)E ©|
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DNS group
Control group - =
Preoperative Postoperative

Age 30.2+5.33 30.75£11.74
Sex (% of male) 100 100
Total volume (cm?®) 21.72+£4.39 17.05+5.33 21.98+3.70
Total resistance (Pa s/cm?)

Inspiration 0.38+0.37 0.95+0.50 0.49+0.39

Expiration 0.41£0.39 1.03+0.46 0.67+0.57
Nasalance score

Oral sentence 9.4+3.13 13.88+7.87 13.31+£5.69

Oronasal sentence 34.6+4.70 38.5+4.72 37.81+4.53

Nasal sentence 59.2+5.33 62.88+4.54 64.56+4.08

DNS: deviated nasal septum
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2HER B4 Sste] Yadele o9 FU% B
< CSL(computer speech lab; KayPentax Inc., Montvale,
NJ, USA)E tH] %&3tee) wholai 9024 10 cm
eloll fAIAA, 90 A& 17gstglon ThAR|RRd thol
uhd] wto] = (Shur 48; Shur Inc., Niles, IL, USA)E A-8-319
PRE-amplification system(creative SB audiogy?2 ZS)< 7

A =gt on FE3EE(sampling)> 50000 Hz, 2t
3Hquantization)+ 16 bit= 3}tk

RE SRS i Aol 3 |, 18 AL o T 4570 H]
A& 5745k

H]2 279 long term average spectrum(LTAS)2] £4]

H54 e A9 Hlgx]d HatE 7 ee ut
oS dotr 7] $fste] CSLE 38 HlS 242 ti4
© 2 Praat(5.3.8; University of Amsterdam, Amsterdam,
the Netherlands) £ 2 18-S A}-85}0] AL EHF AT E
Ao AUEY 7|87 WS ZHE (formant) 9
HHESIE (bandwidth) ¥ ZAEH-E S48k

LTAS #41-2 0~8000 Hz7I<] 9] ZA| 1kl A1) 2|2k
(min), Fhgk(max), 71271(slope)& FAI8FAIL, B2 ofU]
A7} AF=ak4=th(1000 Hz olshel EAsEE AFA o=
0~500 Hz, 501~1000 HzollA %= &43130ct &, % 35
Ft ¥ (0~8000 Hz, 0~500 Hz, 501~1000 Hz)ol|A] &4~
Zh(min), F[Zk(max), 71&7](slope)E S 5FAHFig. 1).
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width) 12|31 FA|=4l(centre of gravity), &&= (skewness),
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Fig. 1. LTAS slices of nasal sentence. LTAS slice of 0—8000 Hz
(A). LTAS slice of 0—500 Hz (B). LTAS slice of 501—1000 Hz. Min-
imum, maximum and slope was analyzed each slice (C). LTAS:
long term average spectrum.
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0] H3lE vjusl| ¢)8he] paired t-testS AFESFFCE £ AlA(total nasal volume)S tfZwto] 21.72+4.39, EHAFL0]
A4 SPSS 20.0(SPSS Inc., Chicago, IL, USA)S AHE =% A 17.05+533, & % 21.98+370 cm’ %tk HIZ 57
stof BAsiga mE Aupghe p gho] 005 oJ3kel H¢ES  =HAKrhinomanometry)2 2% 571 A EH| A (otal
EASH 02 9oJ8 7o 2 TASIC nasal resistance)<> t&-0] 0.38+0.37, &Abto] & A
0.95+0.50, 4% 3 049+0.39 Pa s/cm’¢aL, 37] A *HW
| 1} -2 | 27-0] 04140.39, FAHto] 42 A 1.03+046, <=

3 0.67+0.57 Pa s/cm’2 424 Ao v|8f] =& o & 170

v A, ¥lAg v]Lx]e] ¥E(Table 1) AFo] ofu) QA S7FSIL WA= oJu] QA H4she A

+%-571% HAAHacoustic rthinometry)® 43 & HIZF & & Ath(Fig. 3).
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Fig. 2. Sound spectrum of /m/ formant from “©mma annjen”. The phonet|c wave form of “©mma annjen” (above) is transformed into
sound spectrum (below). Presents the formant of each corresponding consonant.
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Fig. 3. Nasal cavity volume, resistance of groups. Nasal cavity volume of groups (control: 21.72+4.39, preoperation: 17.05+5.33, post-
operation: 21.98+3.70 cm®) (A). Inspiratory resistance of groups (control: 0.38+0.37, preoperation: 0.95+0.50, postoperation: 0.49+0.39
Pa s/cm®) (B). Expiratory resistance of groups (control: 0.41+0.39, preoperatioin: 1.030.46, postoperation: 0.67+0.57 Pa s/cm®) (C). The
difference between control and preOP (=), preOP and postOP (+) was statistically siginificant.

Oral sentence Oronasal sentence Nasal sentence
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Fig. 4. Nasalance score of oral sentence (/Suhi kajogi padae katt'a. pedo thago thjubido thatt'a. kapjagi piga wasa cibiro tolawatt'a/con-
trol: 9.4+3.13, preoperation: 13.88+7.87, postoperation: 13.31£5.69%) (A). Nasalance score of oronasal sentence (/Onilin tegonwane
sophun kanin nalida. emmaga kimbapt'o mandifjatt'a. kwajaran sikhechibugiran kajjegatt'a/control: 34.6+4.70, preoperation: 38.5+4.72,
postoperation: 37.81+4.53%) (B). Nasalance score of nasal sentence (/©mma annjer) emma annjar. memi annjarn memi annjar. namu
annjan namu annjan/control: 59.2+5.33, preoperation: 62.88+4.54, postoperation: 64.56+4.08%) (C).
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3 13 1i5.69%MJ_(Table 1), Elh ﬂr%%ﬂ o
I & & A 7H] BAA frelde wEE 4 giaiu}(Fig.
4A). 7 Jhl 785 thzwto] 34.6+4.70, $HApo] 4=
% A 3854472, 424 T 37.81+4.53%%3L 7t A}Oloﬂ 5
AXOZ on] Q= iFOlL Ho|z] oFokth(Fig. 4B)
o] AL txto] 59.2+5.33, Ao e A 62.88i4.54,
TE T 64.56+14.08%R 3, B]S EAME 1L
o] izt & A A, & AW & F A Y] 5

AA frode 2de 4 IIch(Fig. 40).

4% A% Long term average spectrum®] 3}
H]S Bl gt Fubas = 24 of| 4] gain, )

Table 2. Changes of long term average spectrum

Preoperative  Postoperative p value

Minimal gain (dB)

Total 0.26+6.77 -0.10£5.65 0.6807

Min 1 17.28+11.81 18.41+10.46 0.5369

Min 2 27.54+2.67 27.22+2.76 0.6564
Maximal gain (dB)

Total 37.57+2.98 38.04+2.74  0.3000

Max 1 36.18+2.74 36.74+2.85 0.3125

Max 2 34.80+2.52 34.95+2.58 0.6528
Slope

Total —4.43+3.33 -5.47+£3.38 0.1165

Slope 1 —194.14+£597  —189.27+6.75 0.0247*

Slope 2 —26.68+1.92 —27.53+3.17  0.2565

xthe slope 1 (0—500 Hz) was significant increased after opera-
tion (p=0.0247). Min 1: minimal gain of 0—500 Hz, Min 2: mini-
mal gain of 500—1000 Hz, Max 1: Maximal gain of 0—500 Hz,
Max 2: Maximal gain of 500—1000 Hz, Slope 1: slope of 0—500
Hz, Slope 2: slope of 500—1000 Hz

Table 3. Spectrum analysis of final consonant /m/

olUA] gaini} slopeE w48kt 1 A3 425 AFE O~
500 Hz thollAl 71&7](slopel)7}F AR 22 o] QA 5
7¥ehe P Btk AT Y R] #o]| s Al 2jn]
= Aol & HolA| QFQtH(Table 2).

S A% F4 AL /) o/, ;ng/ol e S
ERXOR R

FH A /ol et 2METS 24 At ALEYE
oI AR OE FoIsHl Fukavt Bk R & % 9
9icHTable 3. FAZA G4 BAZO R fofshl Z715te
k. olojel] k2wl A oJu] Gl Aol Holx] ¢

Q¥t}H(Table 3).
T A /n/ol Higt A EYS A% A AllEY
oA FAHCE Fogt Futptho] A A
om AHESE, FHAE JA AR FosH 7t
SFATH(Table 4). 7L #jof] 9=, M= E3F & & FosHA 3
A3} CHTable 4.

4 AL /ng/oAE £E %
AHEY B

AT oI5 Aol g Mol

A H= I (Table 5).

471 oA S ol gato] e
71—0] IE g-l;lﬂ_% 3}0:] /\H/dg]h 740]1:]- /K(—)}E:_
EFakofl A FE il SollA
l?i £ oUAE 7R HieE
‘Q_E}.B)
4 S Wit 749 4 Sl

AR Wi 2 eloleln, wgo] 43 SRt g

Preoperative Postoperative p value

Formant (Hz)

F1 237.82+18.99 249.37+£15.52 0.0452*

F2 1192.12+153.58 1167.81+153.55 0.4534

F3 2516.44+142.02 2471.37 +158.50 0.1177
Band width (Hz)

BW1 132.13£94.35 128.60+90.92 0.8913

BW?2 458.42+413.25 468.71+394.08 0.9131

BW3 171.41£109.36 201.38+118.25 0.3686
Center of gravity (Hz) 196.01+21.58 210.34+24.40 0.0139*
Kurtosis 1085.39 +529.71 1044.88+671.65 0.8301
Skewness 24.54+5.98 23.84+7.03 0.6935
Central moment 110021361.9 +53458392.85 177773924.3+150490726 0.0921
«formant 1, center of gravity: statistically significant increased. F1: formant 1, F2: formant 2, F3: formant 3, BW1: band width 1,

BW2: band width 2, BW3: band width 3
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Table 4. Spectrum analysis of final consonant /n/

Septoturbinoplasty and Nasality I Park HS, et al.

Preoperative Postoperative p value

Formant (Hz)

F1 264.42+33.73 319.04£92.70 0.0307*

F2 1431.93+275.77 1390.44 +220.03 0.6321

F3 2524.14+336.12 2551.96+256.15 0.8297
Band width (Hz)

BWI1 112.14+£43.72 173.79 £82.99 0.0031*

BW2 72524+ 479.55 589.29 +£459.87 0.4081

BW3 438.71+381.22 482.88+£536.19 0.8000
Center of gravity (Hz) 199.18+24.22 263.69+96.01 0.0193*
Kurtosis 1160.57 +473.34 462.57 £ 609.32 0.0018*
Skewness 25.64+5.86 15.12+7.44 0.0001*
Cenfral moment 134924633.9 +78202760.99 917224299.5+900117980 0.0046*

«formant 1, band width 1, center of gravity, central moment: statistically significant increased. Skewness, Kurtosis: statistically sig-
nificant decreased. F1: formant 1, F2: formant 2, F3: formant 3, BW1: band width 1, BW2: band width 2, BW3: band width 3

Table 5. Spectrum analysis of final consonant /ng/

Preoperative Postoperative p value
Formant (Hz)
F1 437.48+227.11 400.50+151.16 0.5068
F2 1243.65+440.68 1224.09+417.47 0.8895
F3 2590.85+234.59 2508.99 +229.84 0.1308
Band width (Hz)
BW1 358.78+311.96 313.06+178.14 0.3866
BW?2 553.94+420.89 546.37 +434.73 0.9503
BW3 624.24+481.78 611.94+£568.78 0.9436
Center of gravity (Hz) 264.63+£66.96 271.41£72.00 0.6770
Kurtosis 269.82+179.87 327.58+271.23 0.3080
Skewness 10.97 +£5.04 11.98+6.15 0.3438
Central moment 302249563 +247280685 267621742+175566447 0.6413

F1: formant 1, F2: formant 2, F3: formant 3, BW1: band width 1,
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ol Aetelo v/} 215 4 ol Al
U ato] Blsgol ket 3} B4 HleHel A Ao
2 A7Ye) % 4 ik Eat & o] wimae] Yis) B o
2 SPPEISIE IIT el S A & A3t i 4
22 A & 5 el 420 Z7hgel utet v gAe)
Z748 Holthh 44 3 Alzto] Al wket QL
ol olgh WAp|Ho] AUu M 44 A% Uiehd Bl
2 gaAIEE WEo 2 288 uet Kim 59 972
ot w2 ofu] Gl Hfol7h glold 4+ &S el Ake

_ﬁ
o

IS E S S S F A] Aol
2 gl

2o
2 [ AL > o
fe 2 1 & 1o

_‘N
oy ©

(LTAS), EHE (formant), Y1ES1E (bandwidth),
S AL LTAS 2423 Fafa=td o] o]
TE AR ou| gl 2folE HolA| AR, Hl2-9 Oﬂﬁ
A7} F2 EASE= A ke, 53] 0~500 Hz -7kl A
9] 712717t BAR S E {Fogt Zpol & Bl o|A2 A5
b= Q] Frgo] AA v} WE S| ¥kt A7
5.9 on|gtc} 4aS OFE XSS RO B AT} 44
Sof o BIZtE o 7l= Ao tisf oFE 7Hl= A7t
wrt o]l gRbEoA v 9 sHIZN AYe &

Jln

Ao M= 4 /m/
2 o] SIA =t
CAMESIE | 4717
, /ng/oIA= er] 9l

= ol 1l WAL YRlch B4 /m /e Bl 2

lO e
X

516

A BHHD B4 g/ w7 RiZelA FEwe), v
8% 9 SIS T 54 /m/, m/olae] Sastasl
ahi ulzge] kel A wistel pio] Sleka & 4= 9l

¢

t}. Kim 59] dAolrls Hulg WA 8 5 gl
/a/oA AEHES] -5k %}ig HAou & AtolA
< IS4 4%8e 9 shliliee & /m/ solA AllEHE
o] 7 ¢ & A= °l7/i—% HulalEd grtol A

7¥e] Hz&o] 823} H]A
At EEE U
1% uwﬂ S& Fol $4
4:0] Wispr} of
QzkE|m 2%

ol gt FaFol B7] wizol Aol
AZvsl| & o Aok whEbA, vl
/m/, /n/ol| B3| $4 /ng/o] S
o] A Bt At TUEE AR
olo]] tigt A7t BR Ao = AlRETh

u; o!

T

S|
=

Acknowledgments

This study was supported by 2015 Chungnam National Universi-
ty School Research Grant.

REFERENCES

1) Kim YH, Lee SH, Park CW, Cho JH. Nasalance change after
sinonasal surgery: analysis of voice after septoturbinoplasty and
endoscopic sinus surgery. Am J Rhinol Allergy 2013;27(1):67-70.

2) Hong KH, Kwon SH, Jung SS. The assessment of nasality with a
nasometer and sound spectrography in patients with nasal
polyposis. Otolaryngol Head Neck Surg 1997;117(4):343-8.

3) Soneghet R, Santos RP, Behlau M, Habermann W, Friedrich G,
Stammberger H. Nasalance changes after functional endoscopic
sinus surgery. J Voice 200216(3):392-7.

4) Dhong HJ, Kim SI, Kwon JK, Yun YS, Kang SM, Chu KC. Effects
of endoscopic sinus surgery on nasality. Korean J Otolaryngol-
Head Neck Surg 1999;42(7):471-5.

5) Jin SM, Kang HG, Lee KC, Park SO, Lee SC, Lee YB. Significance
of nasometer and first formant for nasal patency after septoplasty
and turbinoplasty. ] Korean Soc Logoped Phoniatr 1997;8(2):161-5.

6) Park M, Back WS, Lee E, Koh KS, Kim BK, Baek R. Nasalance
scores for normal Korean-speaking adults and children. J Plast
Reconstr Aesthet Surg 2014;67(2):173-7.

7) Kang JH, Jeong SB. Speaker recognition performance improvement
by voiced/unvoiced classification and heterogeneous feature
combination. J Korea Inst Inf Commun Eng 2014;18(6):1294-301.

8) Kim CS, Kong SK, Lee HS, Cho KS, Wang SG, Roh HJ. Analysis of
changes in nasal formant, spectra and resonant volume in rhinosinus
after endoscopic sinus surgery. Korean J Otolaryngol-Head Neck
Surg 2000;43(11):1208-15.

9) Birkent H, Erol U, Ciyiltepe M, Eadie TL, Durmaz A, Tosun F.
Relationship between nasal cavity volume changes and nasalance.
J Laryngol Otol 2009;123(4):407-11.

10) Mora R, Jankowska B, Dellepiane M, Mora F, Crippa B, Salami A.
Acoustic features of voice after septoplasty. Med Sci Monit 2009;
15(6):CR269-73.



