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Acoustic parameter delta of an aspirated voice in stroke patients
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Abstract

The present study aimed to investigate the changes of acoustic parameters of the aspirated voice in stroke patients. The
eighty-eight subjects diagnosed with cerebro-vascular accident were divided into 32 penetration/aspiration (P/A) and 56
Non-P/A groups according to the videofluroscopic swallowing study (VFSS) results, and 26 control subjects participated.
All subjects preformed VFSS and vowel /a/ was recorded three times pre- and post VFSS. Since the variation in the
acoustic parameters within a single phonation has been observed, we proposed a delta formula for the acoustic parameters
which can reflect the temporal changes of the each parameter in an utterance. We measured from the voice data eight
acoustic parameters: fundamental frequency (F0), standard deviation of FO (FO_SD), Jitter, relative average perturbation
(RAP), Shimmer, amplitude perturbation quotient (APQ), harmonic to noise ration (HNR), noise to harmonic ratio (NHR).
Then we found parameters which show the meaningful biggest temporal change in an utterance using the suggested delta
parameter. Among them, the deltas of shimmer and APQ were significantly different pre- and post VFSS. These deltas of
the P/A and the control group were increased after VFSS, while those of the Non-P/A group was descended. The variation
patterns of the P/A and the control group were similar but the change width of the P/A group was larger. The large
variations in an aspirated phonation of the P/A group are thought to be caused by irregular changes in air resistance due to
residual food on the vocal cords.

Keywords: Acoustic analysis, swallowing disorders, videofluoroscopic swallowing study, penetration, aspiration
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Table 1. Demographic data of study patients

Group (N=114)

Control Non-P/A P/A
Number 26 56 32
Male : Female 8:18 28:28 26:6
Age(yrs.)
+ + +
Mean - SD 77.146.3 71.949.5 69.9+£12.1
1 level 1 level 5 level (23)
MPAS (all) (all) 4 level (9)
Pathogenesis
unspecified - 14 8
I ACA - 3 -
C MCA - 16 11
v BA - 5 8
A PCA - 2 -
ICH - 8 1
SAH - 6 4
diffuse injury - 2 -

ADbb. : P/A (penetration/aspiration), CVA (cerebro-vascular ac-
cident), CI (cerebral infarction), ACA (anterior cerebral ar-
tery), MCA (middle cerebral artery), BA (basilar artery), PCA
(posterior cerebral artery), ICH (intracerebral hemorrhage),
SAH (subarachnoid hemorrhage), MPAS (modified penetration
and aspiration scale )
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Table 2. Results of one-way ANOVA before VFSS

post hoc”
Parameter F P
Group p
FO in male 0.56 0.572
FO in female 132 0275
FO0 SD 424 0.017 P/A vs. Control 0.012*
Jitter 0.04 0.960
RAP 0.03 0.964
) P/A vs. Control <.001**
Shimmer 19.65 <.001**
P/A vs. Non P/A <.001**
P/A vs. Control <.001**
APQ 1470 <001%* v ontro
P/A vs. Non P/A 0.002%*
P/A vs. Control <.001**
HNR 16.90 <.001** P/A vs. Non P/A 0.001**
Control vs. Non P/A 0.008**
NHR 373 0.027* P/A vs. Control 0.012*
*p<0.05, **p<0.01; * Tukey HSD
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Table 3. Results of one-way ANOVA after VFSS
post hoc”
Parameter F p
Group p
FO in male 1.29 0.282
FO in female 191 0.159
FO_SD 3.13 0.057
Jitter 0.14 0.864
RAP 0.37 0.685
X P/A vs. Control 0.005%*
Shimmer 5.60 0.005*
P/A vs. Non P/A 0.022*
APQ 8.46 <.001%* Non P/A vs. Control <.0017%*
HNR 3.87 0.024* P/A vs. Control 0.031*
NHR 0.16 0.848

#p<0.05, **p<0.01; * Tukey HSD
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Table 4. Results of paired sample #-test before and after VFSS

Parameter t p

F0 in male 0.85 0.394
FO in female -0.20 0.842
FO_SD 0.34 0.731
Jitter -0.65 0.512
RAP -0.24 0.804
Shimmer -2.27 0.025%*
APQ -2.82 0.006%*
HNR 1.92 0.057
NHR -2.71 0.008**

%5<0.05, **p<0.01
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Table 5. Results of RM-ANOVA before and after VFSS

Parameter df F p post hoc!
Group P

FO in male 2129 0.281 - -
FO in female 2 1.02 0.367 - -
FO SD 2 0.77 0.464 - -
Jitter 2 0.17 0.841 - -
RAP 2 0.29 0.741 - -
Shimmer 2 5.79 0.004** P/A vs. Non P/A 0.003**
APQ 2 715 0.001** P/A vs. Non P/A 0.001**
HNR 2 2.85 0.062 - -
NHR 2 1.74 0.180 - -

##p<0.01; * Tukey HSD
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