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Abstract

Objective: In the evaluation of patient’s velopharyngeal function, auditory assessment by speech language-
hearing therapists is often used because it is considered as fundamental, simple, and highly accurate. However,
since it is a subjective evaluation, the results may differ depending on clinical experiences. Therefore, we
examine the medical clinical application of chaotic time series analysis for hypernasality evaluation.

Method: The patient group consists of 10 children aged 4 to 11 years with mild hypernasality to moderate
hypernasality after cleft palate surgery, each group being composed of 5 children. The control group consists of
5 children aged 4 to 11 years without cleft palate. Chaotic time series analyses (Lyapunov exponents and
recurrence plot) were performed on the spoken voice ‘/a/’. Nonparametric tests were performed on the
maximum Lyapunov exponents.

Results: The maximum Lyapunov exponents converged to small positive values with increasing numbers of
neighbors in the hypernasality (moderate) group in contrast to the control group and the hypernasality (mild)
groups. Although an omnibus hypothesis that the three groups of samples are from the same population with
regard to the Lyapunov exponents was marginally significant (p=0.067) using the Kruskal-Wallis procedure,
none of the contrasts in the multiple comparison test using the Mann-Whitney procedure was significant. In the
latter procedure the type 1 error rate was controlled using the Bonferroni procedure. Recurrence plot produced
different geometric patterns depending on the severity of the hypernasality.

Conclusion: These results suggest the possibility and usefulness of chaotic time series analysis for medical
clinical application as an objective method for assessing the severity of hypernasality.

Key words: hypernasality, velopharyngeal function, chaotic time series analysis, Lyapunov exponents,

recurrence plots



