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Cepstral Peak Point Analyses of Patients
Recovering from Supraglottic Laryngectomy
Supraglottik Larenjektomiden lyilesen Hastalarin Cepstral Pik Nokta

Analizleri
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Objective: The aim of this study is to evaluate smoothed cepstral
peak point and laryngostrobosopic results in patients who underwent
supraglottic laryngectomy.

Method: Ten patients who underwent transcervical supraglottic
laryngectomy with bilateral modified radical neck dissection, and who
completed at least 12 months of follow-up, were included. All patients
underwent laryngostroboscopic evaluation at study commencement;
glottal closure and mucosal wave pattern were examined. Voice records
were taken at fundamental frequency and smoothed cepstral peak point
were analysed. Voice handicap index-10 was requested to be completed.
Ten healthy individual constituted control group. Results were compared.

Results: The mean smoothed cepstral peak points were 1.53-5.91 in the
supraglottic laryngectomy group and 4.6-6.06 in controls, a significant
difference. The fundamental frequency ranged from 174.49 to 197.25 Hz
in the supraglottic laryngectomy group and from 118.57 to 197.61 Hz in
the control group, also a significant difference. Laryngostroboscopic
evaluation revealed no significant between-group differences in closure,
but the mucosal waves differed significantly. Voice handicap index was
significantly lower in supraglottic laryngectomy patients.

Conclusion: Supraglottic laryngectomy reduces smoothed cepstral
peak point and affects the mucosal wave, reducing voice quality.

Keywords: Cepstral peak point, supraglottic laryngectomy,
laryngostroboscopy, vocal quality, voice handicap index

Amag: Bu calismanin amaci, supraglottik larenjektomi geciren hastalarda
kepstral pik noktasi ve laringostroboskopik sonuglari incelemektir.

Yontem: Transservikal supraglottik larenjektomi ve bilateral modifiye
boyun diseksiyonu olmus, en az 12 ay takip edilmis 10 hasta ¢alismaya dahil
edildi. BUtln hastalar ¢alisgmanin baslangicinda laringostroboskopiyle
incelendi; glottik kapanis ve mukozal dalga paternleri incelendi. Temel
frekanslarda ses kayitlari alindi ve kepstral pik noktasi analiz edildi. Voice
handicap index-10 tamamlanmasi istendi. On saglikli bireyden kontrol
grubu olusturuldu. Sonuglar karsilastiriidi.

Bulgular: Supraglottik larenjektomi grubunda ortalama kepstral pik
noktasi 1,53-5,91, kontrol grubunda ise 4,6-6,06 olarak bulundu, sonuglar
istatistiksel olarak anlamli bulundu. Supraglottik larenjektomi grubunda
temel frekans 174,49 ile 197,25 Hz arasinda, kontrol grubunda ise 118,57
ile 197,61 Hz arasinda degismistir ve sonuglar istatistiksel olarak anlamli
bulunmustur. Laringostroboskopik incelemede glottik kapanista iki grup
arasinda anlaml fark bulunmazken, mukozal dalgalarda anlamli fark
saptandi. Voice handicap index, supraglottik larenjektomi hastalarinda
anlamli olarak daha dusuk bulunmustur.

Sonug: Supraglottik larenjektomi, kepstral pik noktasini dugtrirken, ses
kalitesini duglrerek mukozal dalgalari etkiler.

Anahtar kelimeler: Kepstral pik noktasi, supraglottic larenjektomi,
laringostroboskopi, ses kalitesi, voice handicap index
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Introduction

Supraglottic laryngectomy (SL) is a surgical procedure
that preserves the vocal, deglutition, and respiratory
functions of the larynx (1,2). The epiglottis, aryepiglottic
plica, and ventricular bands are removed during standard
SL; the base of the tongue, the arytenoid cartilage, and the
pyriform sinus are resected during extended SL depending
on the extent of tumour invasion (3). Loss of vocal function
following laryngectomy has been a major concern since
laryngectomy was first introduced. Intelligible speech
increases quality of life and enhances return to normal
activities. The supraglottic larynx plays roles in voice
production and articulation and voice quality is affected
by removing it (4). Moreover, resection of the tongue base
or arytenoid cartilage may have additional effects on voice
quality (5).

According to Hillenbrand et al., (6) cepstrum was described
as a discrete Fourier transform of the logarithm power
spectrum; i.e., it was a log power of a log power spectrum.
When a linear regression line representing the average
sound energy is drawn through the cepstrum, the distance
from the cepstral peak to thisline is termed the cepstral peak
prominence (CPP) (7,8), ameasure of the extent of harmonic
organisation (7). Another such measure is the smoothed
CPP (sCPP; the distance between the first harmonic
peak and the point of the same frequency that lies on the
regression line through the smoothed cepstrum). The logic
is that a more periodic voice signal exhibits a better-defined
harmonic configuration (i.e., a more harmonic spectrum),
and the cepstral peak is thus more prominent. Hillenbrand
et al., (6) and Hillenbrand and Houde (7) showed that the
CPP was reliable and valid when used to evaluate voice
quality (8). The CPP integrates waveform measures with
periodicity perturbations in amplitude, frequency, and/
or noise (9). Although vocal quality is of major concern to
laryngectomy surgeons, only a few studies have analyzed
sCPP after partial laryngectomies (10). We analyzed sCPPs
following SL.

Material and Methods

This study adhered to all relevant tenets of the Declaration
of Helsinki and International Review Board approval was
obtained from University of Health Sciences Istanbul
Okmeydan: Training and Research Hospital Ethics
Committee. A consent to publish was obtained from all the
participants. Ten patients who underwent transcervical SL
with bilateral modified radical neck dissection between
2010 and 2017, and who completed at least 12 months of
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follow-up, were included. Vocal parameters do not change
significantly after 12 months (11). Ten healthy individuals
including one female, matched by age and sex, constituted
the control group. No patients had undergone an extended
procedure. One patient was female and the others
were male. Four underwent radiotherapy after surgery.
We excluded patients who had undergone extended
procedures, who received additional treatment because of
recurrence, and who had cardiopulmonary problems that
might affect voice quality.

All patients underwent laryngostroboscopic evaluation
at study commencement; glottal closure and mucosal
wave pattern were examined. Laryngostroboscopic
evaluation was performed with 70 degree rigid telescope
(Karl Storz Pulsar II, Tuttingen Germany ). All voices were
recorded using an AKG D5 (AKG, Vienna, Austria) dynamic
microphone and a Lexicon Alpha external sound card
(Lexicon by Harman, USA). The microphone was placed 5
cm from the lips, and after deep inspiration, patients were
told to sound the vowel “a” in Turkish for as long as possible.
Praat software (version 4.4.13; Boersma and Weenink,
University of Amsterdam, Amsterdam, the Netherlands)
was used to analyse recordings and the Z-tool (James
Hillenbrand Western Michigan University) was employed
for sCPP analyses.

Statistical Analysis

The results were compared using The Statistical Package
for the Social Sciences (SPSS) version 22 software for
Windows (SPSS Inc., Chicago, IL, USA). As subject numbers
were limited, we employed the Mann-Whitney U test for
comparisons.

Results

The mean age was 60.3+2.49 years in the SL group and
57.6+4.22 years in the control group; these did not differ
significantly (p=0.209). The sCPPs were 1.53-5.91 in the SL
group and 4.6-6.06 in controls, a significant difference (Table
1) (Figure 1,2). The fundamental frequency (Fo) ranged from
174.49 t0 197.25 Hz in the SL group and from 118.57 to 197.61
Hz in the control group, also a significant difference (Table
1). Laryngostroboscopic evaluation revealed no significant
between-group differences in closure, but the mucosal
waves differed significantly (Table 2).

Discussion

Although supraglottic physiology is poorly understood,
compression of the false vocal folds and medial movements
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of the ventricular bands contribute to voice production
(4,12). Supraglottic pressure affects vocal fold vibration
by accelerating and decelerating the air column (13). This
pressure is a component of the inputimpedance controlling
glottal flow and can profoundly affect vocal fold oscillation
(14). Titze (15) found that voicing was impossible at a
supraglottic pressure of zero.

The sCPPreflects the quality of the voice overall and the vocal
tract itself, and can be used as a diagnostic test (16). Heman-
Ackah et al., (8) found that an sCPP <4 evidenced dysphonia.
We found that only one SL patient, but all controls, had sCPPs
>4 (Figure 1 and 2). Thus, SL caused dysphonia. Although SL
patients have been subjected to acoustic analyses (5,17,18),
neither the sCPP nor the CPP of such patients have been
studied (to the best of our knowledge). Stone et al. (10) found
that the sCPPs of patients who had undergone transoral laser
microsurgery were generally low; sCPP does not depend

Table 1. Analysis of fundamental frequency and smoothed
cepstral peak point results

Fo sCPP
SL 186.00+10.11 2.96+1.67
Control 136.12+23.65 5.091+0.55
p 0.002 0.003

SL: Supraglottic laryngectomy, Fo: Fundamental frequency, sSCPP: Smoothed
cesptral peak prominence

Table 2. Analysis of laryngostroboscopic records

Closure Mucosal wave
SL 6 complete and 4 incomplete 8.8+1.63
Control 10 complete 10£0
p 0.26 0.00023

SL: Supraglottic laryngectomy

on Fo, which is difficult to measure in severely dysphonic
patients (19). The Fo, which is the principal contributor to
voice perception, differed significantly between SL and
control patients. Although different algorithms have been
used in different studies to calculate Fo, all such studies
have found that Fo changes after SL (5,17,18). The vocal
fold is protected during SL, enabling production of voice
signals that include periodic components, and thus we could
record Fo values. However, Topaloglu et al. (5) found that the
extended procedure changed both the Fo and perturbation
parameters.

Stroboscopy is used for both diagnosis and follow-up of
laryngeal cancer (20), and to evaluate phonation after
SL. We assessed glottal closure and the mucosal wave
because these parameters directly affect vocal quality
(21). Stroboscopy revealed no significant between-group
differences in glottal closure; turbulence was absent at
the glottic level. However, the mucosal wave patterns
were affected in four patients (two of whom had received
radiotherapy). Krausert et al. (22) also found that mucosal
vibration was affected in 2 of 12 patients who had
undergone SL.

This is the first study which analysed stroboscopic results
and sCPPs after SL. The principal limitation of our work
was the small number of patients. In addition, we did not
evaluate speech, as we lacked some speech records. We
could not compare patients who did and did not receive
radiotherapy because patient numbers were low. Further
studies on larger cohorts are required.

Conclusion

SL reduces sCPP and affects the mucosal wave, reducing
voice quality. Further studies on larger cohorts are required.

Figure 1. Smoothed cepstral analysis of supraglottic laryngectomy patients

Figure 2. Smoothed cepstral analysis of healthy subject
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