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Objectives: Recently semi-occluded vocal tract exercise (SOVTE) is commonly used in
voice clinic and research. This study aimed at investigating the effects of SOVTE on acous-
tic, aerodynamic, and electroglottographic analysis in patients with dysphonia using meta-
analysis. It also examined whether there was differences in the effects by type of voice dis-
orders. Methods: Eighteen studies published between 2000 and 2018 which met the in-
clusion and exclusion criteria were selected from 9 database. These 18 studies were divided
into 37 subjects by SOVTE subtype and dysphonic type. The effect sizes and mean effect
sizes of acoustic (fundamental frequency [F0], sound pressure level [SPL], %jitter, %shim-
mer, noise-to-harmonic ratio [NHR]), aerodynamic (subglottal pressure [Psub], phonation
threshold pressure [PTP], glottal airflow, glottal resistance), and electroglottographic
(closed quotient [CQ]) analysis were calculated by Hedges' g using standardized mean dif-
ference. Results: Based on the results of meta-analysis, SOVTE significantly changed acous-
tic measures, but did not change aerodynamic measures and CQ. However, when the sub-
items of those measures were examined, %jitter, %shimmer, NHR, Psub, PTP, glottal resis-
tance were significantly changed by SOVTE. In addition, the acoustic analysis, %jitter, aero-
dynamic analysis, Psub, and CQ showed significant differences among the different types
of voice disorders. Conclusion: The study shows that SOVTE reduced voice problems mea-
sured in acoustic, aerodynamic, and electroglottographic analysis and can be applied for
hyperfunctional voice disorders and glottal gap.

Keywords: Meta-analysis, Semi-occluded vocal tract exercise, Acoustic, Aerodynamic, Elec-
troglottographic

2 Aol AA AdQlo] ARlshe &/ ol FEElifetime prev-  913F A2 O = FHT Aol Ee] ARGEHEA 1 At ¢
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Aol §18 (point prevalence) & F 66%.75%°]) LEHtHCohen,  SOVTEL: 77} AL s 9l e Al ] BRES 0
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A7) shol AJei7h skmsi 5 51 ehowA
S AES T 2R W Al BA T agdo] FHTt
(Andrade etal., 2016; Dargin, DeLaunary, & Searl, 2016; Paes, Zam-
bon, Yamasaki, Simberg, & Behalu, 2013; Titze, 2001, 2006, 2018;
Titze & Laukkanen, 2007; Titze & Story, 1997).

SOVTEE= 94<=87|(lip trills), /27| (tongue trills), -4 %<0k
Z-E[v;, z:, B, 3] (humming), <=0 2 ¢ 72|31 ¥4 (hand-over
mouth), BHjj2FA (straw or tube phonation) 5-2] T}%F3t 7| E0|
Q)t}H(Gaskill & Erickson, 2008; Laukkanen, Titze, Hoffman, &
Finnegan, 2008; Lee, Lee, Lim, & Choi, 2017; Simberg & Laine,
2007; Titze, 2006; Vot et al., 2017). 0] Z0)| 4] ¢l&m7], Hw7], &
¥t B4 B 22 ¥ Wi d(water resistance

therapy, WRT) 5-& At 2153+ 371 th2 20171 5 4Je]) 2155
o

¢

= olF AEHe 2=tk v 59, o= | 7he|aL i,

E5 37| Fof E3= )] 2 (tube phonation with the
distal end in air, TPA) 52 Atj] Z=1to| 93t X= 0 &2 2}
o= Fd 25U ZH=t}(Kim, Lee, Choi, & Choi, 2017; Lim,
Choi, Kim, & Choi, 2016; Titze, 2006).

TRk SOVTE 71H59] /7ol SA AT Hdto] =&
THOE B2 dtEo] AL Qo 5449 EAIVE fle dnt
Ql, /7ol &A% 71 E= oo A A vivo) 5] ThESE T
oAl SOVTES A3 & th/Abol| 2Rt 27} 57), A 4| 244 57
=M 7k 371984 7L A7)/, stroboscopy 52
o83t FFUHAE, HFE TS E %Y (computerized tomography,
CT), A7 ]34 G AH(magnetic resonance imaging, MRI) 5-2] T}%F
g AAE B3l SAETE A5 olalAl sl Rtk (Andrade etal, 2016;
Bele, 2005; Dargin et al,, 2016; Denizoglu, Sahin, Bayra, & Uygun,
2018; Enflo, Sundberg, Romedahl, & McAllister, 2013; Hampala,
Laukkanen, Guzman, Hor4gek, & Svec, 2015; Mills, Hays, Al-Ra-
mahi, & Jiang, 2017; Titze, 2006; Yamasaki et al., 2017).

AATE o] w2 SOVTE 7|Holu} Akl S-&of what A
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)21 Q)th(Andrade et al., 2016; Guzman et al., 2016; Lim et al., 2016).
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PTP) = gh2x8hA] A 215-0] A&k A S-E0] Hasith=
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WA SRS FA) bl T G WEREAT: SUSHA, B719981, A7) RIS AL - 2R

AT ojmgl
4) SOVTEZH 440l o] whe} SaFata, 37]efeba 9 4

7|/ Euke FAbel| n| 2= f3ke] 2o 7t QR

o1
251 2

89300 ol SOVIES AT SARNE 3,
B719808 W A1 ESHY PAR AR A S-S shekstg

=] 17J(RISS) & =+€] 87}|(Cochrane, EBSCO, EMBASE, ERIC,
ProQuest, PsycINFO, PubMed, Science Direct)2] t|o|EHjo| A S
HABEATE. Aol 23 A5 200017 E 20181 Atolo]
9] shslo] AR E A2 STAE= 20184 124 3197t
7R 2 AstslSit) HAol= ‘SOVTE B 8-0{(Lax Vox, Lax-
Vox, semioccluded vocal tract, semi-occluded vocal tract, water
resistance, flow resistance, tube, straw)’ AND WAJo|L} 244N

£-0](voice OR phonation) 2 3} T}

o] of5f] 2} tjo|efuo] o A HAHE A Hp =5
1 094?5_2& RISS7} 333, Cochrane©] 523, EBSCO7} 1624,
EMBASE~} 2263, ERIC®] 213, ProQuest7} 196, PsycINFO7}
603H, PubMed”} 167, Science Direct”} 1773H0]|) a1, 0] S0j|A]
Z50] Q1 96472 A QI3 130 5 55 A Hpeer review) 7} 0]

FOIAIA] a1 A (full-text) ©]-8-0] of2fe 13} Fojuf b=
o] o]e}ef /loj= 7] A+ 2% A QIR 115H S A5 AT
BSFE} o] 2ol ATAA} AT 7 AR W] el e 4
oF U} APA-ARS B A EQ] 739 Borenstein, Hedges, Higgins 2}
Rothstein (2009, Chapter 40)°]| w}2} 3}Lte] HERLA] o7Lo]| A
Z o AEAIE etet avariE AN = elene 2
Aol thE 7 7K A-EAE EAN S 2 ERkstal, T
& AT F AT Ee AT R 35382 A @fskgie) T3 A
TFHEL 2 SAEA7 Qe RIS axgheto] 3Ado] ARl A
S obs T B AAE g = g 38 A= Alefek
‘:} SAH O 2= SOVTE FojlA B £ %17 | Foll =Edt=
H(TPA)RF E&0] Y= ZB5-(WRT), A2 2 57], =87,
Oitﬂﬂ ! raspberry (Y=87]9t §E71E 5’\] off AAN7} 2=
3L, 71 €] Xﬂ‘ﬂ'ﬁ# ARE-3E GﬁLl A= Al skt SA AT
@ . =
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Database search (Total N=1,094)
RISS (N=33)
Cochrane (N=52)
EBSCO (N=162)
EMBASE (N = 226)
ERIC (N=21)
ProQuest (N = 196)
PsycINFO (N = 60)
PubMed (N=167)
Science Direct (N=177)

Duplicated removed (N = 130)

Records excluded (N=97)

1. Design (N=35): single subject study, review

Inclusion criteria
1. Design: pre-post comparison
2. Subjects: adults with voice problem

Records filtered based on journal
paper, full text, English or Korean | —%
(N=115)

articles, group comparison study etc.

2. Subjects (N =38): adults with healthy voice,
children, in vivo etc.

3. Intervention (N = 6): other SOVTEs

3. Intervention: SOVTE

4, Qutcomes (N = 18): non-relevant measures

4. Outcomes: subjective voice assessment

Studies included from database
searching (N=18)

Figure 1. Flowchart of studies included from database search.
SOVTE =semi-occluded vocal tract exercise.
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e} T3 43 9] 915 (Guzman et al., 2015, 2016, 2017, 2018)= =
Ao 271A] o ARGl o] - 377 = ST

FSF 2|27} 5 28F5k4 AAke] 310 2 fundamental fre-
quency (FO in Hz), sound pressure level (SPL), %jitter, %shimmer,
noise-to-harmonic ratio (NHR) B+ harmonic-to-noise ratio
(HNR)2}-57]98F4] HAF= subglottal pressure (Psub in cmH,0),
phonation threshold pressure (PTP in cmH.0), glottal airflow (L/
sec), glottal resistance (cmH,O/L/sec)= &40]| 2Z3}5}3IT). ESH
7135914 A= close quotient (CQ in %)S 3£35S SAY
Aib= SA7E S=E ARellA S4E Aahk-a AHESHlaL &
A mFolup Hhnl o2 S4H Ak 25| skt ofof &
Atoll ZFA o= AAE EA AR 18] A-oflA] 3772 ]
S0l gk A== Appendix 19]] AJAI5HTE

2 At 23k AtES ARk %ﬂ' A%, At 13
9 FH E2HO(SOVTE)Q) O}H & (TPA, WRT, 1120
27|, Y4&'Q7], 87|, raspberry), X15-H9] < A7 3=,
Fepual@arats, 3710je, xwgv‘z—wg o el Bz,
A4 59 RS Lelch 2t E4ele] BAE A o
Tol| A AAE Het(mean)Tt FEF=H 2} (standard deviation) S A}
B394, A AN Aol e AFA-AL 7 Rfolo]
S GOISHE() 242 AHE IO, 9] (median)2 1AHE.9]
9} 3AHE$J4>(1 & 3 interquartiles)7} A A1H 73-2-0l+= Higgins2}
Green (2008) Z12]1 Wan, Wang, Liu®} Tong (2014)0] A|A|St &
41 59 Bt BEEAZ Wekslol eislsich ol ool
AP AL W meAEo ) BRS AEARE 7E AT A 1
420 7 52 25} th(Borenstein et al., 2009).

A
A
7|2

>
KU
r-III

fol

=1
H oL UﬂE]-E@. < 93l Comprehensive Meta-Analysis 3
(CMA3; Biostat Inc., Englewood, NJ, USA) & AH8-5}5 L} &34
o Aol A SOVTES Al A1k ol AH2H &40 2ol
E E4517] Y8l 2-3Fs HAKFO, SPL, %jitter, %shimmer, NHR
or HNR), 5-7]%J8H4] A A}(Psub, PTP, glottal airflow, glottal resis-
tance) B! 7 )/dw9Hg AAHCQ)ON et 2 AL G 31-‘—}37 |
= BARE S YR 7 ol tigt avar]E pEA e R

SOVTES| at7]|= AA G2 EE0HE Hat 2o](stan-
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.
op
C

dardized mean difference)?! Cohen’s d& A3}, ZF A9
R4l 28 A B3] dr} Ao 5 o} E2o)
Aol 22 A7) 3] Aol iz Aol ol W 7
Hedges’ g Ab&5h= Zlo] HiZIslR 2 & Aoz He
}37]E Hedges' g2 A2} tHas cited in Hwang, 2016). T3+
A S B BRI k] EEA)E T
2l5lo] 715 H a1k 7| (weight effect size) S AFESFL, 95%

NR7HE 7202 Gl 055 ALEstel AHE7]0] 9o
4 Az

M8 At BT 715 7k0] B4 o] A1A] A A (statistical hetero-
geneity)& AASF A3} 53F8R HAHQ =220.185, p<.001), -57]
o812 7AHQ=277.522, p<.001), H7 A4 E-u}5 AHQ=101.228,
p<.0009] BE 73} Jolol A o] A0l F1712 AAsH 9]
of A} ofof| F7h2 @2} 291 B3 A A} (random
ARgsto] Bt ANA7]E A& Boren-

effects model)2

stein et al., 2009).

HIEF ANOVA

& el Ao E3he tidAEe] S48l FrRE s
A, 3= ol hel wE SOVTES] 48R0l n]x]=
}37] 2}o] 5 B| w3l A} v EF ANOVAS: A3

b3
A,
a

ST A3

mehE A Aol tigt ehddS A5517] $18) & HHEH(publi-
cation bias) ] -7 AT HIT) |5 ${8l Funnel plotof Al A2
20 2 93-S &IskaL, Egger 2] 7|&4](Egger’s regres-
sion test) 2 A&t FAIA thA/de EASIIcE 1 A3k S3F
k2] Abel F71of8kA] Ak A2 i o] TRl (Fig-

ures 2, 3), 23514 HALS] 3]74] 2 7] 4 (intercept)=-.011 (¢=.013,
df=60, p=990)0]}. 01, F7|215H2] AL] intercept=2.123 (=
1.905, df=40, p=.063) 2.2 FAZ 2 [F-oJ5}x] oo} SaFel4
Aok B71iek AxfS] RS Sl MY R E S Buug
o] 98- el irh thk A7) 2uls AA -2 Funnel plot
o A A7 HlchA o] TR, intercept7} 3.639 (1=2.962,
df=23,p=.007)2 SA A o2 F-ol5A Lrebdth(Figure 4). whe}
A A7 AR AAE o) AAE =E 5L 29l ojo] o2
QS-S U4 9tk 7O A E At R 7] 915)] Rosenthal ] QA
/J Al>(Fail-Safe N) 3-4& &3l AFZ5 P/ A7 144.000.2
(as cited in Hwang, 2016), Rosenthal®] N2] 7|21 5k+10 (k: ¢

T4k 27 et oAbl ol u]s) deekel A7) 47hu

d
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Figure 2. Funnel plot of standard error by Hedges' gin acoustic analysis.
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Figure 3. Funnel plot of standard error by Hedges' g in aerodynamic analysis.
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0 1 2 3 4

Hedges' g

A, 27 29, 33 AR WA S8 Wlec 1 A
7H 2] H+-(Costa, Costa, Oliveira, & Behlau, 2011; Denizoglu et
al,, 2018; Frisancho et al., 2018; Kim et al., 2017; Nam et al., 2018;
Paes et al., 2013; Sielska-Badurek et al., 2017)7} S Ho 4] SO-
VTE A AlZtolut el o] 79 Wil o] SA (Ao Wit 2]
78 T w4l Y Zlol)S WA AIASHA] ok, FoE 57

H R EoHeL AL S o A] 31 Q] ¢ (de Andrade et al., 2018;
Frisancho et al., 2018; Guzman et al,, 2017)7} tjAIx}2] AJEo] i
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Figure 4. Funnel plot of standard error by Hedges' gin electroglottographic analysis
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17} 337093 0, Kok Y APA-ARE 8] i 5= Menezes 5-(2011)
O] A= AT 279)0lIA SOVTES A3t & o] =
B)olA f1k2
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Hm7] % 3 77 £3 A, raspberry 17—tk 2+ A7)
SOVTE ZA|-8-& Appendix 19 A A5t

SXiZat
183 AtollA] 377 EA Ao SA ARl SoFet4, 3718t
713wk AAR ohel e A E 2 CQrt 257
714 W9k, 1 the-0 & Psubz} 197), FO7} 187, %jitter@} %shi-
mmer7} 1471 2] £=0 2 Wk} T12) 31 glottal airflow?} NHR2 9
7}, PTP= 87H, SPL2 77H, glottal resistance”} 67§$1L}. T, Costa
SOOI RE S AR PR TEoo] w2 B

Z] al
- R

A & pol] T3k vEREA:

ST, 3719518, BRI AL - IR

lErE A 2}
SOVTEZt S4E| St

SOVTEZ} /7o o] &3] Aol o EHL HEhE
A0 2 B8} Av}= Figure 591 2t} 3+37] g=-208 (p=.001),
95% AlZ]17H-.326, -.090] 2= SOVTEZ} &A% ol tjAdALe] &
SOYE Wz W SATAS SLlsP A A0 2 1}
et

S3F5kA ALY 7) 619 S Witanar|E BAS A,
F02} SPL2- -7-2Jgt a7} YRR Q-2 B, %jitter= g = -.231
(p=.026), %shimmeri= g=-381 (p<.001), NHRE g=-427 (p=

O3]

A

= ]:l = = = O =] =] . .

11, Nam 5-(2018)-2 FO& AR 153 EAATE AXSH Tk 0012 B F-o5H7| #4slo] SOVTEZ %jitter, %shimmer,
SAET= ix 1] AAJFAC = oA Al gl Ak e = 3

A -A1}+= Appendix 19]] A A8 Tk NHRE& SHA WAaA7 )= 23} 122 < 4= QItH(Table 1).
itudy name Subgroup within study  Outcome Statistics for each study Hedges's g and 95% CI

Hedges's  Standard Lower  Upper
] error Variance limit limit ~ Z-Value p-Value
& Andrade et . (2018)1 acoustic FO 0600 0253 0064 1105 -0112 2401 0016 - wo
ortillo et al. (2018)1 acoustic FO 0074 0385 0126 -0623 0700 0207  08% one
Sostaetal. (2011)4 acoustic FOF) 0231 0204 0042 -0169 0631 113 0257 one
taiaetal. (2012)1 acoustic FO(F) 0763 0231 0053 0311 1216 3310 0001 one
fenezes etal. (2011)1 acoustic FO(F) 018 0363 01%2 -0513 099 0545 0585 o
foreiraetal. (2017)1 acoustic FO(F) 0261 0.181 003 -0094 0616 1443 0149 one
lametal. (2018)1 acoustic FOF) -0008 0220 0048 -0438 0423 0036 0972 two
aes etdl. (2013) acoustic FO(F) -0.185 0.1% 0038 057 027 0794 0427 o
aes etal. (2017)1 acoustic FO(F) 0119 0194 0038 -0262 050 0614 053 one
tibeiroetal. (2017)1 acoustic FOF) -0819 0428 0184 -1659 0021 -1912 0056 two
Sostaetal. (201)1 acoustic FO(M) -033% 0207 0043 -0743 0070 -162 0106 one
Yenizoglu et . (2018)1 acoustic FO(M) 2473 0435 0190 -33%6 -1619 -5678 0000 —l— two
lametal. (2018)2 acoustic FO(M) 0165 0208 0041 -0563 022 -0814 0416 wo
‘risancho et al. (2018)1 acoustic FO(semi) 0062 0350 0123 -0624 0749 0178 089 one
Suzmenetal. (2018)1 acoustic FO(sermi) 3025 0512 0262 202 408 5910 0000 l—-—_G— two
zmenetal. (2018)3 acoustic FO(semi) 029 0215 006 -0717 0125 1379 0168 two
zmenetal. (2018)5 acoustic FO(semi) 0241 0213 0045 -0659 0177 1129 0259 two
zmenetdl. (2018)7 acoustic FO(semi) -0456 0221 0049 -080 -002 209 003 two
Yenizoglu et al. (2018)2 acoustic SPL 0112 0211 004 -0301 055 058  05% two
risanch et al. (2018)2 acoustic SPL 03% 0354 0125 -0302 108 1106 0269 one
uzmenetal. (2018)2 acoustic SPL 0571 0228 0052 0124 1017 2507 0012 two
emenetd. (20184 acoustic SPL 0239 0213 0M5 -0657 0179 112 0262 two
xemenetdl. (20186 acoustic SPL 0448 0221 0049 -0882 -0015 209 0042 two
zmenetal. (2018)8 acoustic SPL 0130 0211 004 -0543 0283 0616 0538 two
ortilloet . (2018)2 acoustic SPL 1027 0379 0144 028 170 2707 0007 —— one
Jostaetal. (2011)2 acoustic jitter 0109 0202 0041 -0267 0505 0541 0589 one
Jostaetal. (2011)5 acoustic jitter 0.029 0201 0041  -0.366 0423 0.142 0.887 one
e Andrade et al. (2018)2 acoustic jitter 0066 0231 0053 -0519 0388 0284 0776 two
yerizoglu et . (2018)3 acoustic jitter 0705 02% 0086 -1168 -0241 -2981 0003 two
imetal. (2017)1 acoustic jitter 1138 0331 0109 -1786 -0489 -3438 0001 —l— one
imetal. (2017)4 acoustic jitter -0478 0383 0124 1170 0213 1357 075 one
imetal. (2017)7 acoustic jitter 0620 0368 013 1341 0102 1688  00R one
teiaetal. (2012)2 acoustic jitter 0155 0208 0041 -0852 0242 0764 0445 one
fenezes et al. (2011)2 acoustic jitter 0388 0365 013  -0327 1104 1064 0287 wo
foreiraetal. (2017)2 acoustic jitter 0151 0179 00®2 -052 019 0846 0397 one
lametal. (2018)3 acoustic: jitter 0653 0.167 0028 -0981 -0325 -390 0000 - two
aes etal. (2017)2 acoustic jitter -0215 0.1% 0038 -0509 0169 -109% 0273 one
tibeiroetal. (2017)2 acoustic jitter 0606 0420 0177 -0218 1430 1442 0149 o
ielska-Badureket al. (2017)1 acoustic jitter -0.000 0310 0096 -0607 0607 -0000 1000 two
Jostaetal. (2011)3 acoustic shimmer 0.000 0.201 0041 -0.3%4 0.3% 0.001 0.99 one
e Andrade et al. (2018)3 acoustic shimmer 0,000 0231 0053 -0453 0463 0000 1000 o
denizoglu et al. (2018)4 acoustic shirmmer 0667 0234 0085 -1126 0200 -28% 0004 - two
Jostaetal. (2011)6 acoustic shimmer -0.09 0.202 0041 -0494 0.297 -0.489 0.625 one
imetal. (2017)2 acoustic shimmer 0970 0311 0097 -1580 -0360 3116 0002 one
imetal. (2017)5 acoustic shimmer 0847 03%9 0150 -1620 -0065 212 0034 one
imetal. (2017)8 acoustic shimmer -1.087 0430 0185 -1880 -0195 2413 0016 one
Naiaeta. (2012)3 acoustic shimmer -0.467 0213 0045 -0884 -0.050 -2195 0.028 one
fenezes et al. (2011)3 acoustic shimmer -0477 0365 013 1195 0242 1301 049 = two
lametal. (2018)4 acoustic shimmer 0653 0.167 008 -0981 -0325 -390 0000 two
Noreiraetal. (2017)3 acoustic shimmer -0.361 0.184 0034 -0721  -0.000 -1.962 0.050 one
aes et al. (2017)3 acoustic shimmer -0.151 01% 0038 -058 0231 0774 043 one
tibeiroetal. (2017)3 acoustic shimmer -0072 0410 0168 -087%6 073 0175 0861 two
ielska-Badureket al. (2017)2 acoustic shimmer -0217 0311 0007 -0827 03® 0699 0484 two
e Andrade et . (2018)4 acoustic HNR 0042 0231 0083 -0411 04% 0180 0857 two
denizoglu et al. (2018)5 acoustic NHR -1.214 0281 0079 -1765 -0662 -4315 0000 —— two
foreiraetal. (2017)4 acoustic HNR 0320 0183 0033 -0678 008 175 007 —i- one
imetal. (2017)3 acoustic NHR 0808 0294 0087 -1385 -0231 2746 0006 one
imetal. (2017)6 acoustic NHR 0502 0385 0126 -1198  01%  -1414 0457 - one
imetal. (2017)9 acoustic NHR 0597 0365 013 1313 0119 1634 0402 d one
lametal. (2018)5 acoustic NHR -0.381 0.157 005 -0688 -0073 248 0015 two
tibeiroetal. (2017)4 acoustic NHR 0475 0411 0169 -0981 0631 -042%6 0670 wo
jielska-Badureket . (2017)3 acoustic NHR 0000 0310 00% -0607 0607 0000 1000 two
0208 0060 0004 -0326 -000 -3462 0001 '3
-400 200 0.00 200 400
Favours A Favours B

Figure 5. Meta-analysis of the effectiveness of SOVTE on acoustic analysis.
SOVTE=semi-occluded vacal tract exercise.
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SOVTEZ| S4Z0He| 7(|9stx AALol| 0|X|= =1t
SOVTE7} g44olje] 271218k 7Ajo] m)3)i= FH= Figure
63} 2} 271213k 1ol Tigt g=.109 (p = 326), 95% Al 77
[-109, 328,02 SOVTE} -S4 cjadrte] B71elste] wsez
Ve S RAE IS TAA717) s A2 ety

Table 1. The effectiveness of SOVTE on acoustic analysis for the patients with
voice disorders

. 95% Cl
Subcategory  Effect size (g) = = p-value
Lower limit Upper limit
FO(Hz) -.065 -345 216 651
SPL(dB) 127 -211 465 461
%ditter (%) -231 -435 -027 026
%Shimmer (%) -.381 -551 -210 <.001
NHR -427 -676 -177 .001

COMMUNICATION SCIENCES & DISORDERS

e} BIeleb Ate) 74 oe) B stel Au
A}, Psub=g=.738 (p=.001) = -2J5}A| 7o}l PTP=g=
-622 (p=.017), glottal resistance g=-.256 (p=.011) 2.2 -F-2J5}/]
%‘iﬁ}oﬁ SOVTEZ} o] Al| g=of| efsf frofet vk Uehlle<=
&k &= QI T}k glottal airflows= SOVTE AA] A3} 3o 52|35t
iPOVP 131} Table 20 SOVTES] 57|%8H4] HAe] m|x|= &

Table 2. The effectiveness of SOVTE on aerodynamic analysis for the patients
with voice disorders

Effect size 95% Cl
Subcategory p— —— p-value
(9 Lowerlimit Upper limit
Psub (cmH:0) 738 304 1.172 001
PTP (cmH0) -622 -1.133 -1 017
Glottal airflow (L/sec) 028 -276 331 858
Glottal resistance (cmH0/L/sec)  -.256 -4572 -.060 011

SOVTE=semi-occluded vocal tract exercise; Cl=confidence interval; FO="funda-
mental frequency; SPL=sound pressure level; NHR =noise-to-harmonic ratio.

SOVTE = semi-occluded vocal tract exercise; Cl=confidence interval; Psub = subglottal
pressure; PTP = phonation threshold pressure.

Hedges's g and 95% CI

Study name Subgroup within study Outcome Statistics for each study
Hedges's Standard Lower Upper
g error Variance limit limit
Nam et al. (2018)2 aero airflow -0.284 0.155 0024 0587 0019
Potilloet al. (2018)3  aero airflow 0.250 0.357 0127 0449 0949
Frisancho et al. (2018)1 aero Psub -0.482 0.355 0126 -1.179 0214
Guzmanet al. (2016)1  aero Psub 0.853 0.299 0089 0267 1438
Guzmen et al. (2016)10 aero Psub 2405 0611 0373 1209 3602
Guzmanet al. (2016)2  aero Psub 1.988 0.452 0204 1102 2874
Guzmenet al. (2016)3  aero Psub 1.510 0.380 0145 0764 2255
Guzmenet al. (20164 aero Psub 2426 0.523 0274 1401 3452
Guzmanet al. (2016)5  aero Psub 3932 0.784 0615 2394 5469
Guzmenet al. (2016)6  aero Psub 0.82 0.343 0117 0151 1494
Guzman et al. (2016)7  aero Psub 3563 0.848 0718 1902 5224
Guzman et al. (2016)8  aero Psub 1.411 0.428 0.183 0572 2249
Guzmenet al. (2016)9  aero Psub 1.859 0.506 0256 0866 2851
Guzmanet al. (2017)1  aero Psub -0.546 0.314 0098 -1.161 0.069
Guzmenet al. (2017)5  aero Psub -1.319 0413 0171 2129 -0.510
Guzmanet al. (2018)1  aero Psub 0.093 0.210 0044 0320 0505
Guzmenet al. (2018)5  aero Psub -0.332 0.216 0047 075 0.001
Guzmanet al. (2018)9  aero Psub -0.030 0.210 0044 0441 0382
Guzman et al. (2018)13  aero Psub -0.430 0.220 0048 -0.862 0.001
Namet al. (2018)1 aero Psub 0.183 0.153 0023 0117 0482
Portillo et al. (2018)1 aero Psub -0.346 0.358 0128 -1.048 0356
Frisancho et al. (2018)2 aero PTP -1.34 0.390 0152 2118 -0.589
Guzmanet al. (2017)2  aero PTP -1.380 0423 0179 2209 -0.552
Guzmanet al. (20176 aero PTP -1.477 0.439 0.193 -2338 -0.617
Guzmenet al. (2018)2  aero PTP 0.304 0215 0046 0118 0725
Guzmanet al. (2018)6  aero PTP 0.039 0.210 0044 0372 0451
Guzmen et al. (2018)10 aero PTP 0134 0.173 0030 -0474 0205
Guzman et al. (2018)14  aero PTP -1.490 0.311 0.097 -2100 -0.880
Portillo et al. (2018)2  aero PTP 0.013 0.355 0126 0683 0710
Frisancho et al. (2018)3 aero airflow -1.051 0.375 0140 -1.785 -0.317
Guzmanet al. (2017)3  aero airflow -0.09 0.290 0084 -0668 0469
Guzmenet al. (2017)7  aero airflow -0.263 0.295 0087 -0.841 0315
Guzmanet al. (2018)3  aero airflow -0.055 0.210 0.044 -0467 0357
Guzmen et al. (2018)7  aero airflow 0.508 0.224 0050 0069 0947
Guzman et al. (2018)11  aero airflow 0.751 0.240 0057 0281 1221
Guzmen et al. (2018)15  aero airflow 0.224 0213 0045 0193 0641
Guzmenet al. (20174 aero resistance -0.255 0.295 0087 -0.833 0323
Guzmanet al. (2017)8  aero resistance -0.764 0.336 0113 -1.423 -0.106
Guzmenet al. (20184  aero resistance -0.39%5 0219 0048 0823 0034
Guzmanet al. (2018)8  aero resistance -0.35%6 0217 0047 0781 0070
Guzmen et al. (2018)12  aero resistance -0.124 0211 0044 0537 0289
Guzman et al. (2018)16  aero resistance 0.045 0.210 0044 0367 0457
0.109 0.112 0012 0109 0328

ZValue p-Value

183  0.066 two
0701 0483 5— one
1357 0175 - one
2855  0.004 - one
3939 0.000 —l— two
4397 0.000 —i—._ one
3969  0.000 one
4639 0.000 —— two
5012  0.000 —tf— two
2400 0016 - one
4204 0.000 —— one
3207 0,001 - one
3671 0.000 —— two
1739 0082 = = two
31% 0001 —— two
0440  0.660 two
1537 0124 two
0141 0888 two
1953 0.051 two
1195 0232 two
0966 03% one
3471 0.001 - one
3264 0.001 1 two
3365 0.001 two
1412 0158 two
0187  0.852 two
0775 0438 two
4785  0.000 - two
0037 0970 one
2805 0005 ——- one
0342 073 two
0891 0373 two
0261 0.79% two
2268 0023 -l two
3131 0002 - two
1085 0291 two
0865 0387 two
2276 0023 - two
-1.806  0.071 two
1640 0.101 two
0587 0557 two
0214 0830 two
0981 0.3%
6.00 -3.00 0.00 3.00 6.00
Favours A Favours B

Figure 6. Meta-analysis of the effectiveness of SOVTE on aerodynamic analysis.

SOVTE=semi-occluded vocal tract exercise.
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E

=37l A2
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-.556 (p=.007)2.2 Ao A3} Sroli) ko] He-=
SOVTEZ} &334 fAtolA frofstl S4=2A1E APl
FEI7E AARE 7|52 5748 A SOVIEZF e
2] AL Aol Y vIRIA| ok Al R ol SAH R
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ST AR B19] FEHE R AT AT %jitter= T |5
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Ak 96shimmers= M7 |52 /g7 off £ehe] g=-.344 (p<.001),
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Sk a7} ISk NHRE HT7 |52 S/37of) HehollA g=-.388
(p=-001), Jehs| 2|7 kol A g=-381 (p=.015)= -F-2J5HA 7+
2R3 oL S0l Aol Al = frofgt o7 gigick

798 AAFE oA AR AR & AlA|EE ST} ¢
7] ol 7|54 S/ o ok A |4 7 ek 7ke] 2fo)
gF A A3 AR P2 g=1.186 (p=.00) 22
SOVTE AA| - 57199812 Aol Al R-ofeh aup7 viehd vk
Heprs2] s/doll Aeke: aapt glglen, = Het 7o) 2jo]
= g-915}A| LFERTHQ=10.400, p=.001).

3719814 AR 59 e S Aol ol whe A=
71& vt A3} Psubs= A H 27 ekl ATk SOVTES] 9]
3l -olslAl S71ek3laL(g=1.533, p=.001) 7|52 A7l
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Study name Subgroup within study Outcome Statistics for each stud
Hedges's Standard Lower Upper
g error Variance limit limit
Denizoglu et al. (2018) EGG ca 1.083 0268 0072 0557 1609
Frisancho et al. (2018) EGG cQ 0.589 0358 0128 -0.112 1.291
Guzamnet al. (201501  EGG cQ -0.452 0.208 0.043 -0.859 -0.044
Guzamnet al. (0152 EGG cQ -0.067 0.161 0.026 -0.383 0.249
Guzamnet al. (20153 EGG cQ 0.065 0198 0039 -0452 0.32
Guzamn et al. (20154 EGG cQ 0.39%6 0.182 0.033 -0.753 -0.039
Guzamn et al. (2015)5  EGG cQ 0.024 0.181 0.033 -0.378 0.330
Guzmenet al. (2016)1  EGG cQ 0.068 0252 0063 0426 0.561
Guzmanet al. (2016)2 EGG cQ 0.130 0.253 0.064 -0.365 0.626
Guzmanet al. (2016)3 EGG cQ -0.165 0253 0064 -0662 0.332
Guzmanet al. (20164 EGG cQ -0.292 0.258 0.066 -0.797 0213
Guzman et al. (2016)5 EGG cQ 0.008 0.252 0.063 -0.485 0.501
Guzmanet al. (2016)6  EGG cQ 1.380 0423 0179 0551 2208
Guzman et al. (2016)7 EGG cQ 1.474 0.438 0192 0615 2333
Guzman et al. (2016)8 EGG cQ 0.370 0.301 0.000 -0219 0959
Guzmanet al. (2016)9 EGG cQ 1.425 0430 018 0582 2269
Guzman et al. (2016)10 EGG cQ 2.263 0.583 0.340 1.120 3405
Guzman et al. (2017)1  EGG cQ 0.009 0.290 0.084 -0470 0.667
Guzmanet al. (20172 EGG cQ -0.320 0208 0089 -0904 0264
Guzmanet al. (2018)1  EGG cQ 0.000 0.210 0.044 -0411 0411
Guzmanet al. (2018)2 EGG cQ 0.074 0210 0044 -0.338 0486
Guzmanet al. (2018)3  EGG cQ -0.001 0210 0044 -0503 0.321
Guzmenet al. (20184 EGG cQ -1.016 0.262 0.069 -1.530 -0.503
Namet al. (2018) EGG cQ 0.355 015 0024 0049 0.661
Portillo et al. (2018) EGG cQ 0.000 0.355 0126 -06% 0.6%

Hedges's g and 95% CI

Z-Value p-Value

403%  0.000 —— two
1647 0.100 one
2173 0030 L one
0414 0679 two
0330 0742 two
2176 0030 two
0131 08% two
0269 0788 one
0515  0.607 one
0652 0515 one
1135 0.257 two
0032 0974 two
3263 0001 —a— one
3362 0001 —_—lG one
1231 0218 one
3312 0001 —a— two
3883  0.000 —_—l— two
0341 0733 two
1075 0282 two
0.000  1.000 two
0353  0.724 two
0432 0666 two
3878  0.000 —— two
2271 0023 -~ two
0.000  1.000 one
1490 0136
4.00 2.00 0.00 2.00 4.00

Favours A Favours B

Figure 7. Meta-analysis of the effectiveness of SOVTE on electroglottographic analysis.

SOVTE=semi-occluded vocal tract exercise.
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Table 3. Difference in effect sizes of SOVTE by types of voice disorders

Type of voice disorders ~ Effect size 95% Cl Meta ANOVA
Subcategory — = p-value
(analyzed #) () Lower limit Upper limit Q p-value
Acoustic Hyperfunctional (48) -124 -252 004 059 6.891 032
Glottal gap (5) -397 -635 -.159 .001
Abnormal pitch (9) -.556 -961 -150 .007
FO (Hz) Hyperfunctional (14) 102 -.186 390 488 3471 176
Glottal gap (2) -093 -385 199 534
Abnormal pitch (2) -1507 -3.333 -318 106
SPL (dB) Hyperfunctional (6) A4 -270 552 502 009 924
Abnormal pitch (1) 112 -.301 525 594
%ditter (%) Hyperfunctional (11) -143 -.359 070 192 6.538 038
Glottal gap (1) -653 -981 -325 <.001
Abnormal pitch (2) -383 -1.200 243 230
%Shimmer (%) Hyperfunctional (11) -344 -531 -156 <.001 2633 268
Glottal gap (1) -653 -981 -325 <.001
Abnormal pitch (2) -333 -997 321 319
NHR Hyperfunctional (6) -.388 -617 -159 001 092 955
Glottal gap (1) -381 -688 -073 015
Abnormal pitch (2) -576 -1.806 654 359
Aerodynamic Hyperfunctional (35) -.060 -286 .166 605 10.400 001
Glottal gap (7) 1.186 464 1.909 001
Psub (cmH.0) Hyperfunctional (13) A1 -094 935 109 4558 033
Glottal gap (6) 1.533 651 2415 001
PTP (cmH:0) Hyperfunctional (8) -622 -1.133 =11 017 - -
Glottal airflow (L/sec) Hyperfunctional (8) 077 -255 409 649 2478 115
Glottal gap (1) -284 -587 019 .066
Glottal resistance (cmH.0/L/sec) Hyperfunctional (6) -.256 -452 -060 on - -
CQ (%) Hyperfunctional (18) =124 -.256 007 064 33.332 <.001
Glottal gap (6) 1.905 514 1.676 <.001
Abnormal pitch (1) 1.083 Bb57 1.609 <.001

SOVTE=semi-occluded vocal tract exercise; Cl=confidence interval; FO=fundamental frequency; SPL=sound pressure level; NHR =noise-to-harmonic ratio; Psub = subglottal

pressure; PTP=phonation threshold pressure.

Hoprsd Sl
1l P ZF Aol E B wSHA] Zict.

X718 7&*}% %ﬁﬂ é*é% CQE /37l 73 7kl 1]
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£ FrolsiAl 7o, Al Htk 7kl £3137]9] Aol f-o
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A= E A FA) el R TEREA: SO

2 2 oAk $olal AsHeS o 4 Ak
ESE 23F5HA ALY 619 321 %jitter, %shimmer W NHR]
S WO Al oFRlol A St FE o] ol o avta
718 Ho] SOVTEZ} &A1& 7fA6)= o] &3} 99Tt SOVTE=
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