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Objectives: Parkinson'’s disease (PD) is a degenerative disease of the central nervous sys-
tem that mainly affects sensory and motor function. PD patients have difficulty in control-
ling their vocal pitch and loudness, and poor self-monitoring due to their sensory disorder.
Among semi-occluded vocal tract exercises, Lax Vox is a holistic method that provides bio-
feedback by focusing on the interaction of breathing, resonance, and phonation by tube
phonation in water. The purpose of this study was to investigate the effect of Lax Vox voice
therapy on respiration and phonation in patients with PD. Methods: Ten patients with PD (4
males and 6 females) underwent Lax Vox voice therapy six times a week for 6 weeks. To as-
sess the effectiveness of Lax Vox voice therapy, aerodynamic, acoustic evaluation, GRBAS
scale, electroglottography, and Korean Voice Handicap Index (KVHI)-10 were performed
before and after voice therapy. Results: Significant improvement in aerodynamic, acoustic,
auditory-perceptual rating measures, and KVHI-10 score was yielded following Lax Vox
voice therapy. After treatment, significantly increased vital capacity (VC) and maximum
phonation time (MPT); and reduced subglottal pressure (Psub) were observed. Cepstral
peak prominence (CPP) was significantly increased and smoothed pitch perturbation quo-
tient (sPPQ), vFO, shimmer, amplitude perturbation quotient (APQ), smoothed APQ (sAPQ),
peak-amplitude variation (vAm) were significantly decreased after treatment. Moreover,
Voice Range Profile (VRP) was extended and KVHI-10 scored significantly lower. Conclu-
sion: Current outcomes confirmed that significantly positive effects were found in respira-
tion and phonation change following Lax Vox voice therapy for patients with PD. Therefore,
Lax Vox voice therapy, in addition to Lee Silverman Voice Treatment, can be useful for an
effective treatment option in patients with PD.
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Jackson-Menaldi, 2013; Kim et al., 2017; Laukkanen, Titze, Hoff-
man, & Finnegan, 2008; Sihvo & Denizoglu, 2013; Titze, 2002a,
2002b, 2006).
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Table 1. Participants information

P e o B Do Mg
1 53 F 2 10 Yes No
2 67 F 2 7 Yes No
3 57 M 3 16 Yes Yes
4 53 F 1 2 Yes No
5 72 F 2 10 Yes No
6 56 F 2 10 Yes No
7 59 M 2 12 Yes No
8 61 F 2 5 Yes No
9 73 M 3 15 Yes No
10 n M 2 2 Yes No

H&Y stage=Hoehn and Yahr stage; DBS =deep brain stimulation.
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Table 2. Lax VVox voice therapy protocol

Level Description

| Relaxing and focusing on posture and breathing
Bubbling without phonation

Il Bubbling with phonation
I1l Finding the target voice

\% Advance using the new phonation style (1): sustained phonation
(middle-low-high pitch), staccato

v Advance using the new phonation style (2): gliding pitches up and down,
melody

Vi Generalization
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Table 3. Comparison of aerodynamic measures before and after Lax Vox voice
therapy

Before (N=10) After (N=10) Z p-value
\VC 1.80(1.26-2.02) 2.20(1.74-3.04) -2.040% 041*
MPT 14.16(10.93-15.53) 18.85(15.35-20.61)  -2.497* 013*
Psub 10.47(9.15-13.10) 7.18(6.72-8.26) -2.090* 037*

Values are presented as median (25%tile-75%tile).
VC=vital capacity; MPT=maximum phonation time; Psub= subglottal pressure.
*p<.05.

Table 4. Comparison of cepstral measures before and after Lax Vox voice
therapy

Before (N=10) After (N=10) V4
CPP 6.862 (6.511-9.602) 9.553 (9.064-9.746) -2090% 037
[/Hratio 33.188(32.139-35.439) 33.310(30.993-36.789) -0.153 878

p-value

Values are presented as median (25%tile-75%tile).
CPP=cepstral peak prominence; L/H ratio=low/high spectral ratio.
*p<.05.
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Figure 1. Comparison of cepstral measures before and after Lax Vox voice
therapy.
CPP=cepstral peak prominence; L/H ratio=low/high spectral ratio.
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Table 5. Comparison of MDVP measures before and after Lax \ox voice therapy

Before (N=10) After (N=10) V4 p-value

FO

Male 147.250 (106.190-169.965) 133.845(118.695, 176.408) -0.365 715

Female 181.410(162.470-236.543) 207.735(191.735, 228.168) -0.943 345
Jitter 1.204 (0.558-2.148) 0.764 (0.532-1.163) -1.274 203
PPQ 0.683(0.357-1.242) 0.450(0.313-0.701) -1.376 169
sPPQ 0.856(0.511-1.532) 0.559(0.476-0.739) -1.988* 047*
vFo 1.449 (1.059-2.260) 0.791(0.640-1.023) -2.191* 028*
Shimmer 4.111(2.512-5.933) 2.571(1.926-2.973) -2.497* 013*
APQ 2.968(1.737-4.147) 1.989 (1.300-2.366) -2.497* 013*
sAPQ 5.283 (3.354-6.643) 2.846 (1.875-3.466) -2.803** .005%*
vAm 8.972 (5.725-15.936) 6.265 (5.381-7.530) -2.497* 013*
NHR 0.130(0.115-0.151) 0.126(0.109-0.133) -0.969 333
SPI 12523 (7.712-21.987) 16.193 (5.915-21.087) -0.663 759
VTl 0.046 (0.038-0.053) 0.043(0.038-0.049) -0.306 508
FTRI 0.288(0.107-0.698) 0.194(0.130-0.347) 1172 24
ATRI 1.522(0.638,5.138) 1.539 (0.692-2.065) -0.968 333
DVB 0.000 (0.000-0.000) 0.000 (0.000-0.000) -1.000 317
DSH 0.000(0.000-1.018) 0.000 (0.000-0.000) -1.633 102
DUV 0.000(0.000-2.778) 0.000 (0.000-0.000) -1.342 180

Values are presented as median (25%tile-75%tile).

FO=fundamental frequency; PPQ = pitch perturbation quotient; sPPQ=smoothed pitch perturbation quotient; vFo=fundamental frequency variation; APQ=amplitude perturba-
tion quotient; SAPQ=smoothed amplitude perturbation quotient; vAm = peak-amplitude variation; NHR = noise-to-harmonic ratio; SPI=soft phonation index; VTI=voice turbu-
lence index; FTRI=fundamental frequency-tremor index; ATRI=amplitude-tremor index; DVB =degree of voice breaks; DSH=degree of sub-harmonic; DUV =degree of voice-
less.

*p<.05, **p<.01.

pov M@

PPQ
ATRI ATRI sPPQ
FIRI vho FTRI vFo
ShdB ShdB
APQ
APQ
vAm  sAPQ (A) vAm  sAPQ (8)

Figure 2. Comparison of MDVP measures before (A) and after (B) Lax Vox voice therapy in a male Parkinson'’s disease.

MDVP =Multi-Dimensional Voice Program; FO=fundamental frequency; PPQ=pitch perturbation quotient; sPPQ=smoothed pitch perturbation quatient; vFo="funda-
mental frequency variation; APQ=amplitude perturbation quotient; SAPQ=smoothed amplitude perturbation quotient; vAm= peak-amplitude variation; NHR=noise-
to-harmonic ratio; SPI=soft phonation index; VTI=voice turbulence index; FTRI=fundamental frequency-tremor index; ATRI=amplitude-tremor index; DVB=degree
of voice breaks; DSH=degree of sub-harmonic; DUV =degree of voiceless.
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Table 6. Comparison of VRP measure before and after Lax Vox voice therapy

Aol m) )= B}« 2 2

Before (N=10) After (N=10) V4 p-value
Hz
Min 130.810(109.233-147.595) 127.140(63.625-140.650) -2.100% .036%
Max 404.995 (285.653-548.075) 659.260 (409.475-893.083) -2.497% 013*
Range 261.740 (200.975-400.405) 547.720(273.713-804.788) -2.599%* .009*
dB
Min 74.50 (67.00-77.00) 67.50 (64.75-70.00) -2.134* 033*
Max 102.50 (100.00-104.25) 110.50 (103.50-115.25) -2.073* 038*
Range 2650 (24.50-35.75) 44.00(35.00-49.25) -2.296* 022*
Values are presented as median (25%tile-75%tile).
*p<.05, **p<.01.
€2 c3 c4 cs CE (A)
(B)

)

Figure 3. Comparison of Voice Range Profile measures before (A) and after (B) Lax Vox voice therapy in a female Parkinson's disease.
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Table 7. Comparison of mean intensity measure before and after Lax Vox
voice therapy

Table 9. Comparison of electroglottography measure before and after Lax Vox
voice therapy

Before (N=10) After (N=10) Z  p-value

Before (N=10) After (N=10) Z  p-value

Mean energy (dB) 64.93 (61.26-66.65) 68.85(65.62-69.24) -2.803** .005**

Closed quotient ~ 46.71(42.92-49.92)  48.86(47.66-5058) -1.784  .074

Values are presented as median (25%tile-75%tile).

Values are presented as median (25%tile-75%tile).

**p< 01.
Table 10. Comparison of KVHI-10 score measure before and after Lax Vox

Table 8. Comparison of GRBAS measure before and after Lax Vox voice therapy voice therapy

Before (N=10) After (N=10) Z p-value Before (N=10) After (N=10) V4 p-value
G 1.50(1.00-2.00) 0.00(0.00-0.25) 2913 004 KVH-10score  12.50(4.50-28.75)  7.50(4.75-4.25)  -2.349* 019*
R 1.00(1.00-2.00) 0.00(0.00-1.00) -2.887 004 Values are presented as median (25%tile-75%tile).
B 1.00(0.75-2.00) 0.00(0.00-0.25) 2232 026" KVHI =Korean Voice Handicap Index-10.
A 1.00(0.75-2.00) 0.00 (0.00-0.00) -2.640 .008** *p<.05.
S 1.00 (0.00-1.00) 0.00(0.00-0.00) -2.333 .020%

Values are presented as median (25%tile-75%tile).
G=grade; R=roughness; B=breathiness; A=asthenia; S=strain.
*p<.05, **p<.01.

Mean intensity
&

Before After

Lax Vox voice therapy

Figure 4. Comparison of mean intensity measure before and after Lax Vox
voice therapy.

X2 o Ao}

GRBASE 0]-835t SAA B 75 2|22 %7} A3H= Table 8
I} 7k AN 225 224 150004 X2 0.000.2, 2
2L 2 2A 1.000)4 AF2ZF 0.002.2, 7]A4L 224 1.000]

A 1&; 0.000 &, L&A 2124 1.000]|4] X EZ 0,000 2,
2132 A2 100014 2|25 0.000.2 Fh4ste] FALOR
%4§ Aol 5 Hlth(p <.05).

A

H7| 92k AL 2t
EGGE 0]431 2447 AT A7) 5uls AL A1} Table
90} ek A Bl 8- 5 46.71%00 A 255 48.86% 57}

Wi
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SjoLk EAA 0.2 §0f5k Aol iz Mol 23trhp>.05).

KVHI- 102 0|83t 2|7 A% gh=tik 344 of| 142102 &7
£ Table 103} Zt} KVHI-109] &4o] 2|24 12.5040f|A] A&
57508 0.2 §-ol5HA| A3 THp < .05).

ol gl 7=
3 Q742 1079) I B0 AR 2 Lax Vox & 421527}
718 BAh0] 5.8 3 P s ool A Sk Al etk
5 ol Av £Z Al SRl X2 F HB o] folulat
A Z7}3tgick LsvT 1@% ol oAl TR Hchary
o % 3]

D)
1B
o,
l‘i

=)
ok

ol Hete 2]

gJoirt 1 qu?-oﬂ/qé A& 59 wgaks AP FAE o
25}0] v] w3k A, Lax Vox %*éilﬂﬂ g Al E AR
ofUiet a7 Bke] IS 2L o] kaele AlA
319} o] Laxvox~A4x]E7} FAE 55 35S oA &
T 5SS PIE bl ERE FE A0 Bl thRE) u)
15T SabE0] 13]7] Aol A& A WA skl o A1z
ol W=u] €3S Bh BAEE Bolo] ABY £oIF AL
o] 2ROl 2 Ho|l mhrlaH S-S Hjghere A7) 1)
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Kang, 2007; Ramig et al., 1995).
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