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An Aerodynamic and Acoustic Analysis of the Breathy Voice

of Thyroidectomy Patients
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ABSTRACT

Thyroidectomy patients may have vocal paralysis or paresis, resulting in a breathy voice. The aim of this study was to
investigate the aerodynamic and acoustic characteristics of a breathy voice in thyroidectomy patients. Thirty-five subjects who
have vocal paralysis after thyroidectomy participated in this study. According to perceptual judgements by three speech
pathologists and one phonetic scholar, subjects were divided into two groups: breathy voice group (n=21) and non-breathy
voice group (n= 14). Aerodynamic analysis was conducted by three tasks (Voicing Efficiency, Maximum Sustained Phonation,
Vital Capacity) and acoustic analysis was measured during Maximum Sustained Phonation task. The breathy voice group had
significantly higher subglottal pressure and more pathological voice characteristics than the non breathy voice group. Showing
94.1% classification accuracy in result logistic regression of aerodynamic analysis, the predictor parameters for breathiness
were maximum sound pressure level, sound pressure level range, phonation time of Maximum Sustained Phonation task and
Pitch range, peak air pressure, and mean peak air pressure of Voicing Efficiency task. Classification accuracy of acoustic
logistic regression was 88.6%, and five frequency perturbation parameters were shown as predictors. Vocal paralysis creates
air turbulence at the glottis. It fluctuates frequency-related parameters and increases aspiration in high frequency areas. These

changes determine perceptual breathiness.

Keywords: Thyroidectomy, breathy voice, perceptual judgement, aerodynamic analysis, acoustic analysis
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o] AlgE 7 Lt. RLN9| &4 Aol &1, 3 52
A e 22 AF B9 <9 A9ddE R RIN €4 9
FHol ETH]I].

A e Aol B SAEE 03%2%2] RLN <4 11
55 Rasty geom2), ¢ o] Y, #e FUdY A4
z321& H23k5h7] 9siAE RLNS BEo] og& ¢ QTH3]

WA e A HA A F B FTEHOE Aujvid]

E BY F ded, @ A7 mEH, 3708 e 34 F 11
W(32%) FAlA IAH HEAnHIE
(0.3%)%Fe] g7+ Friupulz} Hlom, F= **EHU}HIE

H(0.58%) A= FTrHHIE Holx skt AduiHl= ‘/F

3ot 7 YA, £ F RLN FZ?(non-identification of

RLN during surgery), T 4 AR {7 wet oA
S7hE T4l

W ez 3 FAushs ddet Hused, £
T 5FSH A Aol &) 36%7F S HAAL, 47%
= WPt gidler, 17%E B FEEIITs). =3, 3 &
& F FF A4 HEE AEE B4 A2, a5 AS F
]

[61[7].

A FEE A% AW dRjIeE2E $RAAEN, &
& 5 9UA 217 9’d(atrogenic nerve trauma), & ALAY
9] A1 WA E 55 (psychogenic dysphonia), /44 &8 &
& PO Z QA3 w] FS(strap muscles) T A1F =9, A4
o= Q% &F A, Fo] A wsE Q% FHg I 8
T, FEAZIY WEH HstE gokeitil]

WA & F 595 Adsh] A8l gRbE o FFUA

Zd(laryngeal endoscopy)<

iy

(auditory perceptual evaluation), =% 7] AHacoustic analysis),
371983 7 ANaerodynamic analysis)’} AA|ET} o]F E3]
4 7He 248 e M 24E R Hrtste
AL 433 oede AAgelH(g], B FaA AlE vy, =
e, 4 FFo ot B Ao FAE Bola 9l
[11]. =3, 3AK(speaker)e] A ZtEH oz A% o] AZt=
£ 43 st ® A 228 S ik A AAEe]
T SAY Z2 AUAA A" F o, o|HE 24 A
ZF A A Al wEt 9E2A BrkE 5 A2
Ez—i EX o2 7]24(breathiness)
o] doke AL 4w IV &
(air leakage)™} ‘Q"é‘ Al ‘&7]%'—*5‘ é:%(turbulence noise)d] &3
S oGt} v Al AE ]
7]5&(mean flow rate, MFR)ol| 232l
Al B3t Qe o] & Jhed FIVIEE dEd A
(maximum phonation time, MPT)®]\} #|&3K(vital capacity) =7

RAA A %

O.u.,

2

%‘f%k% —rzl”} g

YAcI2t S0 M4d M2s (2012)

ol A dFe FHHI3)
°of 7IE F78ka, Ao 717&04 A3 iU = (medial
H

Zagit) ol WA F-&(vocal efficiency)® @3t AyZhst
A, Wold AR Bog 94 A5l BAsta olF BAEI

&5l ¥ =FH(phonatory effort)2 F7}% 0], AFH oz =

p

kA & E(vocal efficiency)©] 7Hawt}.
S A 7SS AFHEY, 71a5S Adule] B¢t

Z3Kincomplete) WHoZ Aste] YERGH, A1 wlS(first
harmonic)®] 7% Z712 RSITH14][15]. FAI%F A1 wi&-9 7
5 UM vta SRR 7|20 ok BEE oA A|
o}, AFI Ag(noise) F7HE A BTt HAAAHoRE
7144d0] BalslAl sk Til]. GA Tel, AETHNA LAY
= W7 F(turbulence) 2 QI3te] T4l AS(aspiration
noise)°] EAIBFL, ©] AFo] Al 18]S e HEAA HA
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22. 371998 A 81 S AAF

F71498k8  HAR!  Phonatory Aerodynamic  System(PAS;
Model 6600, KayPentax Inc, USA)# %2 AAKI
MDVP(Model 5105, KayPentax Inc., USA)E AH&-3l3iTh

PASE B3l A AA AAlE AR, (1) LS /g

A WASte] WA FE XS U= Al (voicing efficiency
threshold, VOFT), (2) /o Eo& HUS A&3td 37|85,
=%, 5% 335 JUESATEE  FA(maximum

sustained phonation, MXPH), (3) &&-2Alo] &89 4 &= 7
A HAogke 37 Ak HETF HA|(vital capacity,
VICP)o|H, Z H#AE T3l t=He ¥ 552 <75 1>
of AASHATE

MDVP A FA= /oy Bge A dAste] 1% 4% 7
He AY BASHATE e Aok ks 2% el A
o] ZE YO RHFE 10cm W FAAA, 0% =2 174
sttt GLdA Y tolu ulo]=(Shure SM48, Shure Inc,
USA)E  AH83}% 3, PRE-amplification system(creative SB
audigy2 ZS)& AAH ZIS3lHom, ZEEFZEE(sampling)
50,000 Hz, %¥A3H(quantization)= 16 bitZ 3} T

A7 ZEo0 2 Qg 1S B AP, Bg /ol of| «of
wh opml T3 42 g o) -E AYste £34 S5 U
55 =3

MDVP|A #X43H= s 5 34700, ol& 8/ &5
2 EL £ JUHIT[18][19]. 8/ = BF9l 51y wF 22

& <HE >0l AN FATE

2.3. AAZ=A Hrt

AADA Hrte SAAANE AEsEa, 33 oo 24X
2 94 Aol Y 3H(A 29, WASE 1) 1T Ao
AAS 199 BH SHIATL AN 1446 e
BAZA Ao o AYAL uﬁxﬂsm 9k ol SolAl 4
Qb kel S0l BbEE e Aol AFHA gkt

A2 ke @A DA L*El ARE-E AL 1= GRBAS
HEg AMgEion, o] AEE 19759 Y8 A0
7h AR Aoz, SA g dA#A A Zq_‘-:_(Grade G), A
X A Z(Rough, R), 714 & =(Breathy, B), ¢F3F % = (Asthenic,
A), FoARA= A =(Strained, S)Z 27 A|E3lsle] 2d& HU)
Sk 0 RE 3W7AY 44 HES sbd 289 A S (Likert
scale) 2, 082 A4 5402 3R A4E &dAHTI) A
e SRTH20].

Bt AHgE S43Y-2 MDVP 4o A8k 439] /ol

A 24 97
e QA FUL BE 758 AE BAAYE alod A43)
Aok J=E BAT olfs Bk Aol 9FL F 5 Aot
3 By gEoltt

Pt mote] 2AYE A2 olgdtd AF A

A skHaL, Bt F3ko
UE AEHCE S

B W A=
2R A 12kek 22F2 Lol AAISHIAL,
350 R BFEE ARSI 2 AT
D2 GRBAS %
BI~B3o.2 o] 714144 R
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?i#x—.

3 ETLS
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179} o o]

22p =

) (random) ¥

2ya grle
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< 7 AA A"
e sleto] A7 Hrlke =

71478l B3k Aol

A= Ao 74 Aol gle Huoz Yrdth
H7kAL 4%00] Zb 23] AAS F
BI~-B3Z #H7ld 242

=4
4§ Aoz BRI |
g

Ho= 7)44o|

83 W7t Ay =
Ho= 71440 e H(]
BOZ H7IE AL
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sl

Breathiness 47 2 =(b0, bl, b2, b3)ell tigh [H7AF A] Ul

Spearman's pi= 0.969(p<0.01)°]™, [*37}=}

B]:= 0.865(p<0.01),

[H7}2F Cl= 0.807(p<0.01), [B7}AF D]E 0.784(p<0.0)E 2E

BF7AR A B7AE )

A=} ek 49 WA 2

Cronbach's a A= 0951 H71aF 7 A5 =3 =4 et
St
A7) 359 oA 2199 714 f A9t 1499 7)1 F
Aoz UHA, tidate] tist A AR= <E 1> Al
Akt
E 1. dldA A AR
Table 1. Information of subjects
k=3 o Z
A S 4 31 35
1 % (M£SD) 493+2.1 | 513462 | 50.7+6.0
Al 4= 3 18 21
714
& 3 (M£SD) 47.6+3.7 | 50.7+4.8 | 50.3+4.6
A4 1 13 14
714 &
& 3 (M£SD) 53.0£0.0 | 51.6£7.7 | 51.7+7.2
T.T 2 24 26
Lt. lobectomy 1 4 5
TEH
Rt. lobectomy 1 1 2
Sub total - 2 2

M=+SD: HF+EFH 2}, T.T: total thyroidectomy
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2.4, FAH

SPSS 13.0™(SPSS Inc., Chicago, IL)& ©]&
BAS 8 AR WS 14 RE A% T BE Aol

o

g 5% ol 59 22 iAe st AvEga,
F7198ta S3kH A} zZzbol| A ZA2E 378 (logistic

regression) 2] stepwise W& A-&3te], 7|24 Bt o= W

3. 9+ A3

3.1, 87194 AAF 23

714 _F A3t 7147 A e A A 59 EE o+
ARS AAG A,

(1) VOEF ##AlollA 7 ek 3F frofdt Apol7} e Wes
Maximum sound pressure levelMAXDB), Mean sound
leveMEADB), Mean  sound
voicing(PHODB), Pitch range(RANP), Peak air pressure(PAP),
Mean peak air pressure(MPAP), Peak expiratory airflow(PEF),
Target airflow(TARF), Expiratory volume(FVC), Mean airflow
during voicing(MEPHO), power(APOW),
Arodynamic resistance(ARES), Aerodynamic efficiency(AEFF)=
137§ At

(2) MXPH #AoNM= F 67] W7 BAHCE Fofd At
olF R,
level MAXDB), Mean sound pressure level MEADB), Mean

pressure

pressure  level  during

Aerodynamic

o3t W4EE  Maximum  sound  pressure
sound pressure level during voicing(PHODB), Phonation
time(PHOT), Peak expiratory airflow(PEF), Mean expiratory
airflow(MEAF) 3t}

(3) VICP FAlAE e b Fo7 A7t le M7t
AU

5 AW 7 fold AolE Hol: Wel W 3 F1EEA
T2 <& 2> A

YAcI2t S0 M4d M2s (2012)

¥ 2. PAS?| 3 A 2 JE5AF

Table 2. Significant parameters of PAS & statistics

Frola s

Protocols Group statistics(M+SD) S
Parameters Breathy voice Non-Breathy voice v
Voicing Efficiency(VOEF)
MAXDB 83.60+4.38 89.46+3.46 <.001
MEADB 78.29+5.00 85.30+3.73 <.001
PHODB 78.26£5.13 85.3243.71 <.001
RANP 114.35+80.38 61.06+57.42 .041
PAP 18.16+7.25 12.93+3.44 018
MPAP 15.50+6.91 10.95+2.84 027
PEF 1.01+0.73 0.20+0.18 <.001
TARF 0.58+0.55 0.13+0.09 .002
FVC 0.74+0.39 0.27+0.25 <.001
MEPHO 0.56+0.56 0.12+0.09 .003
APOW 1.04+1.52 0.15+0.14 .017
ARES 37.674+21.31 154.68+186.90 .036
AEFF 36.91+59.06 871.91£1107.96 015
Maximum Sustained Phonation(MXPH)
MAXDB 83.36+4.38 88.75+4.61 .002
MEADB 77.26£5.18 82.614£5.26 .006
PHODB 77.27+5.30 82.63+£5.24 .006
PHOT 4.24+2.14 13.38+5.36 <.001
PEF 0.58+0.34 0.20+0.18 .001
MEAF 0.38+0.26 0.09+0.08 <.001

Vital Capacity(VTCP)

none

§ Independent samples t-test

1

Al FAE Wl tiste] a9l £4S AAlsk, (1)
ANME 4 208 AL, ) FAANAE 3 291, (3) A
AME 1 805 WAHEATE F 8 8L IO E XY
I AENE AAZ Ax, dbgao] 1Y DA 2 AR
o Z} ©@AS] Hosmer & Lemeshow 732 ZlolA] t
4.460(df=8, p=0.813), 0.699(df=8, p=1.000)Z 2|3} XA Y
Bhu 23 AYPEE 8T F AUATE 1 DAA g 2ol 2
A%k 821 (2) IA ¥4 F [MAXDB, RANDB, PHOT|Z %
Q1 82l(dFL, p=0.002)°]H o, 2 TAAE 1 TA YH
8R1dF1, p=0.014)7} (1) BA | F [RANP, PAP, MPAP]=
2 8R1dFL, p=0.035)0lHTk 2 DAZA Y Qo=
94.1% BFATEE /A1 7144 JDe ET § Qth<E
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Table 3. Classification of breathy voice groups

o S5k
714 & 7R ERAEE®%)

714 17 3 85.0

1 ©A 7145 3 11 78.6
ZA 82.4

714 20 0 100.0

2 9 7145 2 12 85.7
A 94.1

32. 5% AAF A3

714 _f et 714 e e =9 %8 1A 2,
370 W 2170 W7 frelmlRk zholzt IRem, Highest
fundamental frequency(Fhi), Standard deviation of FO(STD),
Phonatory FO-range in semi-tones(PFR), Absolute jitter(Jita), Jitter
percent(Jitt), — Relative  average  perturbation(RAP),  Pitch
perturbation  quotient(PPQ),  Smoothed  pitch  perturbation
quotient(sPPQ), Fundamental frequency variation(vF0), Shimmer
in dB(ShdB), Shimmer percent(Shim), Amplitude perturbation
quotient(APQ), Smoothed  amplitude perturbation(sAPQ),
Peak-to-peak amplitude variation(vAm), FO-tremor intensity
index(Ftri), Degree of voiceless(DUV), Number of unvoiced
segments(NUV), Degree of voice breaks(DVB), Number of voice
breaks(NVB), Noise to harmonic ratio(NHR), Voice turbulence
index(VTI)olH, fo]&-&7 I 7+ HH#3 2FAAE Al st
W <F 4>9} 2t}

dY 7 EFETS £AE QuHoR
W gho RAF A
S AT AT IS G2 HA
AASTE Flstdrt

MDVPY] 87 d&E¥ 292 AA 3 A} Fundamental
frequency parameters @EolARF 3 a<lo] A=A, v
T &EdAE 2 1 a8 AHAT T 8 8]l uigt
ZA2E 3|AEAS HAAZ A} Hosmer & Lemeshow 77
9] FlolAlF Zhol 2.405(d=7, p=0.93H)E 2o AFJLE &<l
stk 71448 A BEE & A ERAGEE 88.6%E
UTH<E 5> ). WA E3E 8RS Z = Frequency
perturbation parameters &-5-0| HA Myl FAHA AHE 1
AN agle] FAASE Fo3tATHAEL, p=0.007).
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X 4. MDVPS| 0|3k W= 3l 7&5AF
Table 4. Significant parameters of MDVP & statistics

Category Group statistics(M+SD)

Parameters Breathy voice Non-Breathy voice

Fundamental Frequency Parameters

Fhi 300.91£119.96 200.86+63.02 .007
STD 38.12443.44 5.9149.76 .003
PFR 14.07+8.35 4.85+5.50 <.001

Frequency Perturbation Parameters

Jita 303.68+251.44 52.23+24.73 <.001
Jitt 5.76+4.16 1.00+£0.69 <.001
RAP 3.31+£2.35 0.60+0.42 <.001
PPQ 3.73£2.95 0.57+0.39 <.001
sPPQ 5.88+6.83 0.79+0.37 .004
vFO 16.31£16.64 2.98+4.14 .002

Amplitude Perturbation Parameters

ShdB 1.18+0.95 0.3940.19 .001
Shim 13.44+10.91 4.43+2.07 .001
APQ 10.26+8.90 3.12+1.44 .002
sAPQ 9.30+6.30 4.64+1.73 .006
vAm 24.78+12.17 14.26+5.90 .002

Tremor Parameters

FTRI 1.66+2.02 0.36+0.34 .019

Voice Irregularity Parameters
DUV 38.64+40.13 0.48+0.81 <.001
NUV 48.71+52.73 0.64+1.08 <.001

Voice Break Related Parameters
DVB 16.22+29.12 0.00+0.00 .019
NVB 0.66=1.15 0.00+0.00 .016

Noise Parameters
NHR 0.38+0.42 0.13+0.02 .015
VTI 0.09+0.09 0.04+.0.00 .039

§ Independent samples t-test

®5 714 7 A R

Table 5. Classification of breathy voice groups

&%k
714 _fr 714 % ERAEE(%)
714 19 2 90.5
714 % 2 12 85.7
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I 714 7 HE 2 B9 Zolb dNew, MAXDB,
MEADB, PHODB, ARES, AEFF ¥4-E2| X7} 7] § ot
o] 714 & Hetell w3l =94t oleb= WHIE, RANP, PAP,
MPAP, PEF, TARF, FVC, MFPHO, APOW WHFE9] £X& 7]
2 fr Aol 714§ JdEt w44t

PHODB W59 A7} e AL 7147 Fdo] 7|14 _#

Aol vl £ SAFEE AEte s 2Rtk ol F

sl T oAl APOW, AREA 9 AEFF9}o] #AS At
BE, 712 5 Jekd A Ee] & o @2 AEsdd &
VIREERE B2 SAMEE AET £ o] AR 4
T84l & W, 714 _# AES A Fo] 714 _F Ad
of mla] wol HEaUT TINFES EAE SHLEE =0l
7] ol#l9] SAEEA] WEe & 5 Uk

EA, /oF EeAddAd FAlolAE= MAXDB, MEADB,
PHODB, PHOT WE2] FA& 7|2+ ool 3] 7]2]_F

ATl A =9hT, PEFSH MEAFS 712 & ekl Al %3t} of

714 % Alne] E7)Fe] Ba, WA Gee ond

)

o

AR, 71285 Ure 3719814 Ak o F HeE 24
¥ 82 A3l [MAXDB, RANDB, PHOT], [RANP, PAP,
MPAP] W2 UESTE S4%, 25/ 2 4ol fsE
HEOE 2% AX 7|44 ARE & 5 glon, or]d
L=} JESHE A4 1S Bt 9% VA EE B
H3 5= gtk oA el PASS 297 WS F 6 WS
(MAXDB, RANDB, PHOT, RANP, PAP, MPAP)7} 71214 7}
9] o W47} "t

RANDB 7%, 712]_fre} 714 _F 2ko] B+ atol= A &
EAE, RANP 7%, 714
EE Holx k. ol& 7]4 4l ug
etaat s k] k¥ o R SRt ASEITi AAEth
3 AA A, A, IS 3 AR S AT

: F #
MEEe] EEATS AR, J14 F Pu] WF £A%

f

YAcI2t S0 M4d M2s (2012)

714 5 A W A EG B Eskth o= MDVP AR
A w& A7 Ao BAd FErt w2 o

StEE AAd2wE A3E RAFT
=4, 71448e Ure 534 A dF HgREe 2R
g B4 Ax, T34 d5ERE H4 [Jita, Jitt, RAP, PPQ,
sPPQ, VFO]Z, ol F3 HsE ¥ 67 4Fte s 88.6%
AER 7148 Ad5-E
S|

MDVP Z271315 ARgste] B43 AdE AR, 347 ¥
[e) Od S|

B AT PEgo s tAsk] 20 Tagonz 3
Yol o

o WAL Aol AXHS BRYOE A gk A
FoAA ASIse] BT AT vl WEol 9eE 3
I3,

B AToME e 7S st e 71 75 A
|

+4 HlnE AAEHA FANE AATF1[7]AXAE A
FeAte] Fe WA BE AN FAFCE FosA
FAUTA g HE v FAE W, B A7 7|AA ] &
W Apol7t e FeAt mE Aot obd AR
gtk =3 (70l E Adiuele] 25 S5 S o
4 WSl M E fFoF Aol7t gl =& 55 WY e
’J 55217 (superior laryngeal nerve, SLN) <=4 €Qloz st
At B AFdAME SIN £4e #EEe A=A}
(electromyography) “4H]7F glo] o]¢} THAF-E AH3shr] oJHA
w714 f A 13 % WFhiyt 7147 AeERT =2
TAE 0= 2 Ad 14S 993t &5 A<l &
F3P & (cricothyroid m)o] FFell= o)do] fle Aoz At
H, Awgt 5% A& (fine tuning)> RLN A|HIE W= 7145
g9 759 FIFE o S FO2 AAXERE SIN9 &4
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rlo
M=o
v
k1
e
&
30
v

A7l 714 fr e AFE(Fhi) FAGS Aol o
3k, ol ATV FAHd(sterno-thyroid m.)°] &/ ¢
H(cricothyroid joint) FH oA HIAEE sPHoE EHFA
U, $4dE dREe] EAE Addzo] daEe 4o
NS 59T 7€ T 5450 FJA At 21],
g2  diAE FPIFI(sternohyoid  m)¥  FUAE
(sternothyroid m.)e] %02 &5 7]3-X|(laryngo-tracheal)7} &}
oz WA AEskeitel F71de] Bokalr] WEolzta B
ATE FF7F WEeh SFEE AV #oAln, ol A

p

Aolg £9, ARFoR FTAeS Uty FAIACH
[22]. 37198 AALE A 2 AT d3E nfgoz &
o, [22]19] 4] EEsitta Azgth 2E gidAEe] A
vl Beta 714§ HeED 714§ el A &
S7F Asstia, 37198 H08E HEs bl 3710
2SS 3RIEINY] wEolt). =3 YoM A & T &
oz Zgo| gritkglal 545 ol AFEYTh oy #HA
A B AFores W3A £ & 9T Afo] ok A
ZrH T,

B ATE FHE A HrE 270 712 diste] 24
#HH BTl 371983 9 338 A s gRlIsh,
71494E 28 £ e HEE A s
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<HE 1> PAS 3 HAE W5 BE
Protocols Parameters(Abb.) Parameters(Full name) Unit
Voicing Efficiency(VOEF)

MAXDB Maximum sound pressure level dB
MEADB Mean sound pressure level dB
PHODB Mean sound pressure level during voicing dB
MEAP Mean pitch Hz
RANP Pitch range Hz
FET100 Expiratory airflow duration sec
PAP Peak air pressure cmH>0
MPAP Mean peak air pressure cmH,0
PEF Peak expiratory airflow Liters/sec
TARF Target airflow Liters/sec
FVC Expiratory volume Liters
MEPHO Mean airflow during voicing Liters/sec
APOW Aerodynamic power watts
ARES Aerodynamic resistance cmH,0(Liters/sec)
AOHM Acoustic Ohms dyne sec/cm’
AEFF Aerodynamic efficiency p-p-m.(parts of million)

Maximum Sustained Phonation(MXPH)

MAXDB
MINDB
MEADB
RANDB
PHODB
MEAP
PHOT
PEF
MEAF
FVC

Vital Capacity(VTCP)
FET100
PEF
FVvC

Maximum sound pressure level

Minimum sound pressure level

Mean sound pressure level

Sound pressure level range

Mean sound pressure level during voicing
Mean pitch

Phonation time

Peak expiratory airflow

Mean expiratory airflow

Expiratory volume

Expiratory airflow duration
Peak expiratory airflow

Expiratory volume

dB

Hz
sec
Liters/sec
Liters/sec

Liters

sec
Liters/sec

Liters
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<5 2> MDVP 3471 W9 87 5 257
Category Parameters(Abb.) Parameters(Full name) Unit Threshold*
Fundamental Frequency Parameters
FO Average fundamental frequency Hz -
MFO0 Mean fundamental frequency ms -
TO Average pitch period Hz -
Fhi Highest fundamental frequency Hz -
F10 Lowest fundamental frequency Hz -
STD Standard deviation of FO Hz -
PFR Phonatory FO-range in semi-tones - -
Tsam Length of analyzed sample sec -
SEG Number of segments computed - -
PER Total number detected pitch periods - -
Frequency Perturbation Parameters
Jita Absolute jitter us 83.200
Jitt Jitter percent % 1.040
RAP Relative average perturbation % 0.680
PPQ Pitch perturbation quotient % 0.840
sPPQ Smoothed pitch perturbation quotient % 1.020
vF0 Fundamental frequency variation % 1.100
Amplitude Perturbation Parameters
ShdB Shimmer in dB dB 0.350
Shim Shimmer percent % 3.810
APQ Amplitude perturbation quotient % 3.070
sAPQ Smoothed amplitude perturbation % 4.230
VAm Peak-to-peak amplitude variation % 8.200
Tremor Parameters
Fftr FO-tremor frequency Hz -
Fatr Amplitude tremor frequency Hz -
FTRI FO-tremor intensity index % 0.950
ATRI Amplitude tremor intensity index % 4370
Voice Irregularity Parameters
DUV Degree of voiceless % 1.000
NUV Number of unvoiced segments - 0.900
Voice Break Related Parameters
DVB Degree of voice breaks % 1.000
NVB Number of voice breaks - 0.900
Sub-Harmonics Analysis Parameters
DSH Degree of sub-harmonics % 1.000
NSH Number of sub-harmonics segments - 0.900
Noise Parameters
NHR Noise to harmonic ratio - 0.190
VTI Voice turbulence index - 0.061
SPI Soft phonation index - -

*& X]= MDVP software instruction manual(2005)°ll4] <183



