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Background and Objectives The present study aimed to investigate the effects of pene-
tration/aspiration (P/A) on voice acoustic parameters.
Subjects and Method Twenty-seven patients were analyzed with the videofluoroscopic
swallowing study (VFSS) and then divided into two groups based on the modified Penetration
and Aspiration Scale results. Ten patients (5 males and 5 females) were included in the Non-P/A
group, and 17 patients (12 males and 5 females) in the P/A group. Stroke was the major cause of
swallowing disorders. Three sustained /a/ vowels recorded in pre- and post-VFSS were ana-
lyzed. Mann-Whitney U-test was used to compare acoustic values before and after VFSS, and
the receiver operating characteristics (ROC) curve with combination of significant parameters
was also conducted.
Results Among acoustic parameters, the length of analyzed sample (p=0.010), number of
segments computed (p=0.018), total number detected pitch periods (p=0.017), and second for-
mant (p=0.013) in pre- and post-VFESS were significantly different between Non-P/A and P/A
groups. In the P/A group after VFSS, the means of these significant parameters decreased. Ac-
cording to ROC combined with four significant parameters, the probability of predicting P/A
condition was 84% (p=0.005), the sensitivity was 80%, and the specificity was 80%.
Conclusion Voice acoustic analysis can reflect voice changes by penetration/aspiration and
the combination of significant parameters can also detect swallowing disorders. Therefore, voice
analysis can be a reliable screening tool for patients with swallowing disorders.
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Table 1. Demographic data of study patients

Groups (n=27)

Variables
Non-P/A P/A t P
Number & age
No. of patients 10 17
Male:female 55 12:5 1.05 0.303
Mean age (range) (yrs.) 71.6 (56—83) 66.8 (49-86) 0.615 0.544
Pathogenesis
CVA
Cl
Unspecified 2 3
MCA 1 1
BA 1 2
PCA 2
ICH 1 4
SAH 2
Parkinson’s disease
Head-neck cancer 2 3

Alzheimer's disease 1

P/A: penetration/aspiration, CVA: cerebro-vascular accident, Cl. cerebral infarction, MCA: middle cerebral artery, BA: basilar
artery, PCA: posterior cerebral artery, ICH: infracerebral hemorrhage, SAH: subarachnoid hemorrhage

Table 2. List of parameters according to analysis tool

Category No. Parameters

MDVP 24 — FO-related measurements

FO, mFO, TO, Fhi, Flo, SD, Tsam, PFR, SEG, PER

— Frequency Perturbation measurements
Jita, Jitt, RAP, PPQ, sPPQ, VFO

— Amplitude Perturbation measurements
ShdB, Shim, APQ, sAPQ, VAM

— Noise measurements
NHR, VTI, SPI

ADSV 16 — Cepstral peak-related measurements
CPP, CPP_SD, CPP_Max, CPP_Min, CPP avg, SD, Mean CPP_FO, Mean CPP_FO SD
— Spectral ratio-related measurements
L/H spectral ratio, L/H spectral ratio SD, L/H spectral ratio Max, L/H spectral ratio Min
— Slope-related measurements
Regression slope, Regression slope SD
— Cepstral/spectral calculation-related measurements
CSID_female, CSID_male

PRAAT 6 — Formant measurements
F1, F2, F3
— Bandwidth measurements
BW1, BW2, BW3

FO: average fundamental frequency (Hz), mFO: mean fundamental frequency (Hz), T0: average pitch period (ms), Fhi: highest
fundamental frequency (Hz), Flo: lowest fundamental frequency (Hz), SD: standard deviation of FO (Hz), PFR: phonatory FO-range
in semi-tones, Tsam: length of analyzed sample (s), SEG: number of segments computed, PER: total number detected pitch peri-
ods, Jita: absolute Jitter (us), Jitt: jitter percent (%), RAP: relative average perturbation (%), PPQ: pitch perturbation quotient (%),
sPPQ: smoothed pitch perturbation quotient (%), vFO: fundamental frequency variation (%), ShdB: shimmer in dB (dB), Shim: shim-
mer percent (%), APQ: amplitude perturbation quotient (%), SAPQ: smoothed Amplitude perturbation quotient (%), vAm: peak-
to-peak amplitude (%), NHR: noise to harmonic ratio, VTI: Voice Turbulence Index, SPI: Soft Phonation Index, F1: first formant (Hz),
F2: second formant (Hz), F3: third formant (Hz), BW1: first bandwidth (Hz), BW2: second bandwidth (Hz), BW3: third bandwidth (Hz),
MDVP: multi-dimensional voice program, ADSV: analysis of dysphonia in speech and voice, CPP: cepstral peak prominence, L/H:
low/high, CSID: cepstral/spectral index of dysphonia
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KayPentax Inc., Lincoln Park, NJ, USA)2] W< 247}, Anal-
ysis of dysphonia in speech and voice(ADSV™, model 5109,
KayPentax Inc.)?] ¥4 1671, 18]31 PRAAT(ver. 6021)2]
IHE 9 WEQA 67l WS EA5HIHTable 2). ZHE
o HEQIA BAPALS: 7heFs] 7]wstd, A48 1 o E
(downsampling)< =] 283t & linear predictive cod-
ing(burg)(window length 0.025, time step 0.005)2- 2 A&k
5o Za]-ql A2 (pre—emphasis) A2] &, 2H(source)?] 7]
27 EAS AT AE9 3HEA(filtering)THS &35}
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Fig. 1. Mean & SD of 4 significant parameters pre-and post-VFSS (A Tsam, B SEG, C PER, D F2). A gray bar is for P/A group and a
white bar is for Non-P/A group. Tsam: length of analyzed sample, SEG: number of segments computed, PER: total number detected
pitch periods, F2: second formant (Hz), P/A: penetration / aspiration, VFSS: videofluoroscopic swallowing study.
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Table 3. Differences in significant acoustic parameters pre-and post-VFSS

Mean (+SD)#

Parameters YA P
Non-P/A P/A
Tsam -2.35 0.010t 0.15(+0.31) —0.20 (£0.41)
SEG -2.38 0.018* 521 (£10.41) —~7.03 (+13.89)
PER -2.16 0.017* 16.96 (+44.01) —31.31 (+£70.64)
F2 -2.56 0.031* 25.59 (+188.25) —92.40 (+227.91)

#p <0.05, 1p <0.01, fpost value minus pre value. VFSS: videofluoroscopic swallowing study, Tsam: length of analyzed sample (sec.),
SEG: number of segments computed (number), PER: total number detected pitch periods (number), F2: second formant (Hz),

SD: standard deviation, P/A: penetration/aspiration

1.0
0.8
0.6
=
=
2
[5)
w
0.4
0.2
0.0 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0
1-specificity

Fig. 2. ROC curve of four acoustic parameters combination (Tsam+
SEG+PER+F2). X axis is 1-specificity and Y axis is sensitivity. ROC:
receiver operating characteristics, Tsam: length of analyzed sam-
ple, SEG: number of segments computed, PER: total number de-
tected pitch periods, F2: second formant (Hz).
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total number detected pitch periods(PER)(p=0.031)0|3ick
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Table 4. Result of ROC of the acoustic parameter combination
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Parameters P Cut-off Sensitivity Specificity AUC
Tsam 0.018* —-0.80 0.53 0.70 0.21
SEG 0.017* —2.50 0.53 0.30 0.21
PER 0.031* 3.25 0.33 0.50 0.24
F2 0.010t -32.26 0.41 0.20 0.20
Tsam+SEG 0.003t 0.54 0.80 0.60 0.85
Tsam+PER 0.020* 0.51 0.80 0.60 0.78
Tsam+F2 0.017* 0.51 0.75 0.60 0.78
SEG+F2 0.017* 0.51 0.73 0.60 0.78
PER-+F2 0.040* 0.53 0.73 0.60 0.74
SEG+PER 0.015* 0.51 0.80 0.60 0.79
Tsam+SEG+PER 0.003t 0.32 0.93 0.60 0.86
SEG+PER+F2 0.013* 0.47 0.86 0.60 0.80
Tsam+PER+F2 0.013* 0.47 0.86 0.60 0.80
Tsam+SEG+PER+F2 0.005t 0.60 0.80 0.80 0.84

#p <0.05, Ip <0.01. ROC: receiver operating characteristics, Tsa
computed (number), PER: total number detected pitch periods
AUC: area under curve
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[Appendix 1]. Mean and SD of MDVP parameters about two groups Pre- and Post-VFSS

Parameters Alslinills iZia z P
Pre-VFSS, mean (SD)  Post-VFSS, mean (SD)  Pre-VFSS, mean (SD)  Post-VFSS, mean (SD)

FO 151.78 (35.83) 151.21 (41.44) 154.85 (52.63) 146.11 (23.74) -0.66 0.50
mFO 150.32 (36.16) 148.55 (40.30) 150.11 (40.02) 143.59 (22.95) —-0.49 0.61

70 7.14 (1.82) 7.17 (1.70) 7.12 (1.25) 7.20 (1.18) -0.72 049
Fhi 176.96 (44.17) 188.13 (68.25) 201.76 (115.30) 182.75 (40.52) -022 082
Flo 127.37 (35.70) 124.63 (39.82) 125.40 (22.44) 119.16 (21.94) -0.27 0.78
SD 11.59 (12.71) 15.22 (20.18) 21.69 (51.30) 14.00 (14.16) —0.44 0.65
PFR 6.36 (4.53) 8.00 (7.18) 8.11 (6.77) 8.36 (4.87) —0.41 0.67
Tsam 0.59 (0.26) 0.75 (0.36) 0.73 (0.42) 0.53 (0.19) -2.33 0.02*
SEG 19.38 (8.80) 24.60 (12.33) 23.99 (14.28) 17.38 (6.47) -238  0.01*
PER 83.67 (49.77) 100.63 (71.01) 96.43 (76.20) 67.77 (30.31) -2.16 0.03*
Jita 276.72 (358.69) 364.98 (384.07) 314.90 (257.09) 324.19 (311.63) -0.27 0.78
Jitt 3.33 (3.47) 4.89 (4.70) 4.57 (3.74) 4.59 (4.03) -0.33 073
RAP 1.89 (2.07) 2.86 (2.77) 2.71 (2.24) 2.71 (2.42) -0.33 073
PPQ 1.80 (1.69) 2.92 (2.79) 2.67 (2.41) 2.98 (2.86) -0.38  0.69
SPPQ 3.09 (3.74) 3.39 (4.39) 1.88 (1.38) 2.45 (3.30) -0.11 0.91

VFO 7.33 (6.33) 9.38 (11.51) 8.72 (10.93) 9.22 (8.68) -0.61 0.54
Shdb 0.97 (0.65) 1.14 (0.54) 1.11 (0.50) 1.09 (0.53) —-0.49 0.61

Shim 10.40 (6.71) 12.63 (5.85) 12.67 (6.01) 11.99 (5.93) -0.77 0.43
APQ 8.97 (6.37) 10.67 (6.92) 8.87 (3.69) 9.53 (4.69) -0.11 0.91

SAPQ 9.51 (9.82) 10.63 (9.45) 11.14 (6.93) 9.50 (8.56) -0.95 0.33
VAM 26.22 (11.04) 29.18 (12.10) 24.59 (7.28) 24.71 (10.03) -0.11 0.91

NHR 0.28 (0.14) 0.38 (0.22) 0.32 (0.20) 0.32 (0.20) -0.55 0.57
VI 0.14 (0.12) 0.18 (0.12) 0.14 (0.11) 0.12 (0.08) -030 076
SPI 8.39 (7.56) 7.19 (9.52) 6.22 (3.09) 7.02 (2.73) -1.38 0.16

#p <0.05, FO: average fundamental frequency (Hz), mFO: mean fundamental frequency (Hz), T0: average pitch period (ms), Fhi:
highest fundamental frequency (Hz), Flo: lowest fundamental frequency (Hz), SD: standard deviation of FO (Hz), PFR: phonatory
FO-range in semi-tones, Tsam: length of analyzed sample (s), SEG: number of segments computed, PER: total number detected
pitch periods, Jita: absolute jitter (us), Jitt: jitter percent (%), RAP: relative average perturbation (%), PPQ: pitch perturbation quo-
tient (%), SPPQ: smoothed pitch perturbation quotient (%), vFO: fundamental frequency variation (%), ShdB: shimmer in dB (dB),
Shim: shimmer percent (%), APQ: amplitude perturbation quotient (%), SAPQ: smoothed amplitude perturbation quotient (%),
VAM: peak-to-peak amplitude (%), NHR: noise to harmonic ratio, VTI: Voice Turbulence Index, SPI: Soft Phonation Index, MDVP:
mulfi-dimensional voice program, VFESS: videofluoroscopic swallowing study, P/A: penetration/aspiration
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[Appendix 2]. Mean and SD of ADSV parameters about two groups pre- and post-VFSS

Non-P/A P/A
Parameters Pre-VFS Post-VFSS Pre-VFSS Post-VFSS z p
mean (SD) mean (SD) mean (SD) mean (SD)
CPP 9.13 (2.12) 7.59 (3.26) 7.66 (3.92) 7.48 (4.22) -1.15 0.24
CPP_SD 1.33 (0.43) 1.37 (0.41) 1.14 (0.48) 1.20 (0.48) -0.05 0.96
CPP_Max 11.04 (2.06) 10.03 (3.02) 9.70 (4.21) 9.42 (4.32) -0.60 0.54
CPP_Min 6.23 (2.81) 4.88 (3.16) 5.13 (3.55) 5.04 (4.06) -0.65 0.51
CPP avg 11.65 (2.92) 10.20 (2.91) 10.08 (3.88) 10.17 (3.74) -1.30 0.19
CPP avg, SD 1.27 (0.50) 1.27 (0.38) 1.12 (0.46) 1.16 (0.53) —-0.05 0.96
Mean CPP_FO 157.81 (34.64) 165.55 (50.15) 154.13 (28.54) 164.02 (38.87) —-0.55 0.58
Mean CPP_FO SD 15.76 (18.63) 16.22 (16.60) 13.15 (17.33) 15.07 (15.20) -0.20 0.84
L/H spectral ratio 27.92 (8.01) 24.35 (6.24) 27.45 (7.10) 24.23 (8.70) -0.45 0.65
L/H spectral ratio SD 2.28 (0.77) 2.40 (1.14) 2.03 (0.72) 3.01 (1.92) —-1.40 0.16
L/H spectral ratio Max 32.46 (7.62) 29.40 (5.72) 31.29 (7.82) 29.38 (9.08) -0.60 0.54
L/H spectral ratio Min 22.64 (8.73) 20.02 (6.34) 22.80 (5.97) 17.98 (8.29) -0.55 0.58
Regression slope —5.12 (2.42) —6.74 (3.04) ~7.19 (4.68) —6.67 (4.04) —-1.55 0.12
Regression slope SD 1.08 (0.57) 1.47 (0.62) 1.25 (0.65) 1.31 (0.76) —-0.57 0.58
CSID_female 35.63 (18.41) 47.35 (21.03) 38.58 (19.69) 50.91 (30.39) -0.20 0.84
CSID_male 46.31 (18.41) 58.03 (21.03) 49.26 (19.69) 61.59 (30.39) -0.20 0.84

CPP: cepstral peak prominence, SD: standard deviation (Hz), FO: average fundamental frequency (Hz), L/H: low/high, CSID: ceps-
fral/spectral index of dysphonia, ADSV: analysis of dysphonia in speech and voice, VFSS: videofluoroscopic swallowing study, P/

A: penetration/aspiration

[Appendix 3]. Mean and SD of PRAAT parameters about two groups pre- and post-VFSS

Non-P/A P/A
Parameters p
Pre-VFSS, mean (SD)  Post-VFSS, mean (SD)  Pre-VFSS, mean (SD)  Post-VFSS, mean (SD)

F1 809.04 (203.98) 835.28 (195.32) 825.92 (158.13) 834.44 (112.05) -0.35 0.72
F2 1420.79 (203.18) 1446.39 (182.10) 1359.22 (299.67) 1302.81 (243.04) -2.56 0.01*
F3 2939.45 (183.54) 2954.81 (203.22) 2758.20 (158.16) 2703.18 (204.74) -1.30 0.19
BW1 386.77 (109.57) 432.42 (159.05) 280.45 (214.55) 325.23 (203.45) —-0.05 0.96
BW2 411.25 (210.95) 411.62 (135.78) 370.60 (255.47) 337.48 (223.02) -0.66  0.51
BW3 478.80 (319.14) 458.23 (347.06) 287.47 (134.52) 227.76 (77.31) -0.35 0.72

xp <0.01. F1: first formant (Hz), F2: second formant (Hz), F3: third formant (Hz), BW1: first bandwidth (Hz), BW2: second bandwidth
(Hz), BW3: third bandwidth (Hz), SD: standard deviation (Hz), VFSS: videofluoroscopic swallowing study, P/A: penetration/aspira-
fion
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