
Objective: The aim of this study is to evaluate smoothed cepstral peak point and laryngostrobosopic results in patients who underwent 
frontolateral laryngectomy (FLL).

Methods: Eight patients who underwent FLL 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 was examined. Voice 
records were taken at fundamental frequency (Fo) 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 smoothed cepstral peak points were between 1.81-2.42 in the FLL group and 4.6-6.06 in controls, a significant difference. 
The Fo ranged from 61 to 192.63 Hz in the FLL group and from 118.57 to 197.61 Hz in the control group, also a significant difference. 
Laryngostroboscopy revealed significant differences between-group in their closure. Seven patients had incomplete closure in FLL group and 
the entire control group had complete closure except one female patient who had posterior glottal gap (p=0.01). Voice handicap index-10 
results were between 31-40 in FLL group and 8-14 in control group and also revealed a significant difference.

Conclusion: FLL reduces smoothed cepstral peak point and affects the mucosal wave, reducing voice quality.
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INTRODUCTION
The aim of partial laryngectomy is to completely remove the 

diseased part of larynx with safe margins and to preserve function 

including phonation, swallowing, breathing, and stabilization (1). 

Modified frontolateral partial laryngectomy is a procedure which 

can be applied for selected early glottic carcinomas (T1 and T2) 

involving the anterior commissure (2). The following surgical 

reconstruction can be performed by bipedunculated sternohyoid 

muscle flap and perichondrium in order to provide bulky tissue 

replacing vocal folds or can be left to secondary healing (2,3). 

Glottic closure and the vibratory margin is an essential part of 

voice production. One vocal fold and an anterior commissure are 

removed in frontolateral laryngectomy (FLL) and reconstruction 

methods can be applied to replace vocal quality. 

“Cepstrum is described as a discrete Fourier transform of the 

logarithm power spectrum; i.e. it is a log power of a log power 

spectrum” (4,5). The cepstral peak is the peak in the cepstrum 

with the highest amplitude. When a linear regression line that 

represents the average sound energy is drawn through the 

cepstrum, the distance from the cepstral peak to this linear 

regression line is termed the Cepstral Peak Prominence (CPP) 

(6). It is the measure of the degree of harmonic organization 

(4). Another measure is the smoothened CPP (sCPP) which 

represents the distance between the first harmonic peak and 

the point with equal quefrency on the regression line through 

the smoothed cepstrum. The logic behind this acoustic marker 

is that the more periodic voice signal displays a more well-

defined harmonic configuration in the spectrum (i.e., the more 

harmonic the spectrum), and, as a result the cepstral peak will 
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be more prominent. Since it was first introduced by Hillenbrand 
et al. (4) and Hillenbrand and Houde (5), it has been proven to 
be a reliable and valid tool for evaluation of voice quality (6). It 
was shown that CPP integrates measures of voice waveform and 
periodicity perturbations, be them either amplitude, frequency 
or noise (7).

The vocal aspects of FLL was studied in several studies (1,3,8-
10). Although voice changes were confirmed in all of the studies, 
there are some contradictory results (3,10). On the other hand, 
none of the studies evaluated sCPP in this population, this study 
aimed to evaluate sCPP in FLL patients.

METHODS
International review board approval was obtained from 
Okmeydanı Training and Research Hospital Ethical Committee 
(48670771-514.10). Eight patients who underwent FLL between 
2010 and 2017 and completed at least 12 months of follow up 
was included in the study. The vocal parameters were shown 
not to change significantly after 12 months (11). Eight healthy 
individuals including 1 female, matching the age and gender 
were constituted as the control group.

All of the patients had laryngostroboscopic evaluation at the 
beginning of the study. The glottal closure was evaluated. 

All voices were recorded using an AKG D5 (Vienna, Austria) 
dynamic microphone and a Lexicon Alpha (Lexicon by Harman, 
USA) external sound card. 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 Hillebrand and Western Michigan University) 
was employed for sCPP analyses. Laryngostroboscopic analysis 
was performed by Karl Storz Pulsar 2 (Tuttingen, Germany). 
70-degree rigid telescope was used. Voice Handicap Index-10 
(VHI-10) which was translated and validated by Kılıç et al. (12) 
was used.

Statistical Analysis

The results were compared using SPSS ver. 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 55.8±2.49 years in the sCPP group and 
57.6±4.22 years in the control group; these did not differ 
significantly (p=0.83). The sCPPs were between 1.81-2.42 in 

the FLL group and 4.6-6.06 in controls, a significant difference 

(Table 1) (Figure 1, 2). The fundamental frequency (Fo) ranged 

from 182.67 to 192.63 Hz in the FLL group and from 118.57 

to 197.61 Hz in the control group, also a significant difference 

(Table 1). Laryngostroboscopy revealed significant differences 

between-group in their closure. Seven patients had incomplete 

closure in FLL group and all of the control group had complete 

closure except one female who had posterior glottal gap 

(p=0.01). VHI-10 results were between 31-40 in FLL group and 

8-14 in control group and also revealed a significant difference 

(Table 1).

DISCUSSION
T1b and T2 glottic tumors are the major indications of FLL. T2 

tumors should not involve more than one-third of opposite 

vocal fold and may have a minimal extension to supra or 

subglottic regions (9). It has excellent oncological results which 

are comparable to radiotherapy (13). On the other hand, the 

vocal function is preserved and vocal folds can be replaced by 

bipedniculated suprahyoid muscle flap or perichondrial flap 

to achieve better function (9). Biacabe et al. (14) found that 

reconstruction resulted in better frequency and less granuloma 

and web formation. In contrary to this idea, Szmeja and 

Leszczyńska (15) concluded that scarred tissue resulted in better 

voice. 

Our results showed that there is a significant deterioration 

in sCPP and VHI-10 results. As none of the patients had 

reconstruction, we were not able to compare reconstructed and 

non-reconstructed neoglottises.

So far, the evaluation of voice quality following FLL was studied 

in different aspects (1,3,8-10,14-17). Dedivitis et al. (10) studied 

the configuration of neoglottis effect on the auditory perception 

and found that the anterior commissure synechiea caused voice 

quality deterioration. On the other hand, Pfuetzenreiter et al. (3) 

found that anterior commissure synechia did not affect results 

Table 1. Results of frontolateral laryngectomy and control 
group

FLL group Control p

sCPP 1.76 (0.44) 5.09 (0.63) 0.0009

Fo 182.67 (6.61) 148.01 (31.77) 0.0103

Glottic closure 7 incomplete

1 complete

8 complete 0.01

VHI-10 27.25 (4.30) 6 (2.72) 0.009

FLL: Frontolateral laryngectomy, Fo: Fundamental frequency, VHI-10: Voice 
Handicap Index-10, sCPP: Smoothened cepstral peak prominence
Mann-Whitney U test p:0.05 is significant 



100

Saltürk et al. Vocal Function Following Frontolateral Laryngectomy Eur Arch Med Res 2020; 36 (2):98-101

of acoustic voice analysis. Regardless of synechiea, signals were 

chaotic and aperiodic. Because of the chaotic and irregular 

signals, we did not perform perturbation measurements in 

this study. Only Fo was evaluated and revealed a significant 

difference.

Cruz et al. (9) evaluated the stroboscopic data and found that 15 

of the 21 neoglottis achieved complete closure. The vibration 

point was the glottis in 10 patients, supraglottis in 7 and mixed 

in 4. They also pointed out that 5 reconstructed larynx had 

vibration but absent in the other 5. Dedivitis et al. (16) studied 

with videokymography and stated that 11 of 22 patients had a 

vibration at the glottis, 7 had it at the supraglottis and 4 had 

mixed vibration source. They also said that 4 of the 11 who had 

glottic vibration had no closed phase. Seven patients had an 

incomplete glottic closure which is one of the main factors in 

vocal deterioration.

The most important part of our study is the calculation of sCPP 

which is a better indicator of voice quality in patients who 

underwent FLL. It does not depend on frequency and aperiodic 

vibration is not a handicap for sCPP. It shows the overall voice 

quality better than any other measurement (4-6,11). We also 

studied VHI-10 and found a significant difference between the 

groups. 

The main disadvantage of our study was limited number of 

subjects. Moreover, none of the patients had reconstruction 

which prevented the comparison of it with the non-reconstructed 

counterpart. Because of irregular vibration pattern we did not 

use stroboscopic evaluation for the mucosal wave and we also 

did not analyze the source of vibration.

CONCLUSION 
FLL reduces sCPP and causes deterioration in vocal quality. It 

affects both vibration and glottic closure. Further studies on 

larger cohorts are required to analyze not only the reconstructed 

but the non-reconstructed also.
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