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Abstract  

 

The treatment for advanced head and neck cancer can lead to the surgical removal of the 

entire larynx, requiring laryngectomized speakers to adapt themselves to a new reality in 

terms of speech production. This study aimed at presenting a new device for alaryngeal 

speech assessment, based on acoustic analysis tools. Developed as a script that runs in a free 

software, Praat, Alaryngeal Speech Quality (ASQ) is based on previous studies on the quality 

of substitute phonation. As a phonetic grounded device, it allows for the extraction of a set of 

acoustic measures from the temporal and intensity domains. Preliminary data from 02 

speakers undergoing a speech rehabilitation program revealed that acoustic measures can lead 

to differentiated outcome conditions in the rehabilitation process. Issues such as usability and 

accessibility of the device are also raised, pointing to future challenges in improving the tool 

according to ongoing feedback from speech clinicians. 
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1. Introduction  

Laryngeal cancer still represents a challenge to the Brazilian public health system. Despite 

campaigns for its early detection, a large portion of people who seek care still do so in 

advanced stages of the disease, resulting in radical treatments, such as expanded surgeries, 

with radio and chemotherapy complementation. The National Cancer Institute estimated that, 

for each year of the 2020/2022 triennium, around 7,650 new cases of laryngeal cancer would 

be diagnosed in Brazil (INCA, 2020).   
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The treatment for advanced cancer can lead to the surgical removal of the entire larynx, 

the voice box, forcing laryngectomized speakers to adapt to a new reality in terms of 

respiration, swallowing, aesthetic appearance and acceptance, and also oral communication, 

given the possibility of producing intelligible speech in such challenging conditions.  

Traditionally, investigations have been concerned with the limitations of the new speech 

system, with restricted attention to the refinements of speech and voice productions (Schuster 

et al., 2005; van As-Brooks et al., 2006). Classically, total laryngectomees were supposed to 

use oesophageal speech or an electronic larynx. In recent decades, a therapeutic proposal that 

involves a surgical procedure (tracheoesophageal puncture), and the use of a 

tracheoesophageal prosthesis (TEP), allows for a speech production process like what the 

patient experienced before surgery, i.e., using pulmonary airflow to speak. In both 

oesophageal and tracheoesophageal speech, the role previously played by the vocal folds is 

now fulfilled by the oesophageal and/or the pharyngeal muscular walls. In this case, 

anatomical structures that never participated in the speech production are recruited for a new 

function and it is in this context that speech rehabilitation is valuable. The resultant sonority 

is, then, often referred to as noisy and irregular (van As-Brooks et al., 2006).  

Despite these descriptions of aperiodic, hoarse and harsh voice qualities, the typical 

speech disorder reported for laryngectomees is the tendency to voice unvoiced consonants, 

leading to lower scores of speech intelligibility (Connor  et al., 1985; Saito et al., 2000; 

Jongmans et al., 2006). 

Thus, the possibility of more individualized evaluation, detailing the speech production 

process,  can result in refinements of the care that speech-language pathologists and surgeons 

provide to the total laryngectomee patient. At the interface with Linguistics, speech-language 

pathologists seek to deepen their gaze on the description of such unusual sonorities and bring 

new insights to their clinical practice. The present proposal is located at this interface, using 

contributions from Speech Sciences for the construction of a tool that facilitates evaluating 

and monitoring the quality of the phonation produced. 

The social impact of the development of analysis tools that streamline the assessment and 

therapy processes, in the reality of a health care system with high demand for treatments for 

head and neck cancer, is indisputable. In addition, adopting open-access tools, enabling the 

use of technological resources for many users in different contexts, aligns us with advances in 

Digital Humanities, with connections to Health Humanities. In this particular context, many, 

especially patients and professionals who work in rehabilitation services, can benefit from 

devices that detail the mechanisms involved in speech perception and production in situations 

of extreme anatomical restrictions. 

This study relies on a previous investigation on alaryngeal speech production in Brazilian 

Portuguese (BP), specially on the implementation of voicing contrast for stop consonants 

pairs: [p] vs. [b]; [t] vs. [d]; and [k] vs. [g] (Reis, 2018).  

The authors aimed at presenting a new device for alaryngeal speech assessment: a 

linguistic tool to support health care activities.  
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Developed as a script that runs on a free software, Praat (Boersma & Weenink, 2022), 

Alaryngeal Speech Quality (ASQ) is based on previous studies on the quality of substitute 

phonation provided by the region known as the neoglottis and includes acoustic parameters in 

the temporal and intensity dimensions, in a dynamic perspective.  

2.    Methods 

This study was approved by the ethics committee (CAAE number 0940114.0.0000.5482). 

The alaryngeal speech database derived from the collaboration of 17 total laryngectomees 

with a Provox
®
 TEP (mean: 62 years of age). Five laryngeal speakers (mean: 47 years of age) 

were invited to collaborate to compose the reference group. This original database was 

applied to the development of the speech analysis system, i.e., the ASQ script. 

Inclusion criteria referred to: having undergone total laryngectomy for laryngeal squamous 

cell carcinoma (SCC) and creation of a tracheoesophageal puncture with insertion of a TEP, 

and using tracheoesophageal speech as the predominant means of oral communication. 

Exclusion criteria referred to: having been submitted to surgical procedures associated with 

glossectomy or removal of the floor of the mouth and tongue, in addition to treatments for 

spasms and pharyngeal hypertonicity, hearing or reading difficulties. 

The corpus consisted of sustained vowel [a] utterances in a maximum phonation time task; 

six words with the structure CVCV (Stop Consonant - Vowel - Stop Consonant - Vowel); 

disyllables and paroxytones (paired by voicing contrasts: [patɐ] and [batɐ], [tatɐ] and [datɐ], 

[katɐ] and [gatɐ]) inserted in carrier sentences; free speech and singing tasks. The speech 

samples were recorded with a Marantz
®
 model PMD661digital professional recorder and a 

Shure
®
 model WH20XLR high resolution unidirectional headset microphone. This database 

was used to design this first version of the ASQ script. 

Developed as a script that runs in a free software, Praat version 6.2.14, the ASQ tool is 

based on previous studies on the quality of substitute phonation and the voicing contrast 

implementation in a dynamic perspective (Saito et al., 2000; Schuster et al., 2005; Jongmans 

et al., 2006). It is designed to provide clinicians with a technological device which facilitates 

the processes of annotating  and segmenting audio recordings from patients, by means of an 

interactive interface in which the user is first asked to select an audio file and signal specific 

acoustic markers related to: duration of the vowel (from its beginning to end); tonic 

consonant-to-vowel boundaries [unvoiced target word (e.g., the /p/ of /pata/) - middle  

(occlusion phase) of the tonic consonant]; [unvoiced target word ((e.g., the first /a/ of /pata/) - 

middle]; [voiced target word (e.g., the /b/ of /bata/) - middle  (occlusion phase with voicing) 

of the tonic consonant]; [voiced target word (e.g. the first /a/ of /bata/) - middle]; [Free speech 

(from beginning to end)]; and [Free singing (from  beginning to end)]. 

The script then generates a TextGrid (a text file) containing Interval (for the extraction of 

duration measures related to the total interval of the acoustic event) and Point Tiers (for the 

extraction of acoustic measures related to the specific point of the audio sample) for the 
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 following parameters: 1- sustained vowel; 2- two CVCV words (in which C is fulfilled by 

a consonant: [p] or [b]; [t] or [d]; [k] or [g] and V is fulfilled with [a]); 3- free speech;  4- free 

singing.  

Having the corpus properly segmented and annotated, the script asks the evaluator to 

check if any change in annotation and segmentation is required and then performs the 

extraction of a set of acoustic measures: the maximum duration of voicing in sustained 

vowel(s); indexes of the quality of devoicing (comparison of the magnitude of the energy 

drop within the unvoiced/voiced consonants and adjacent vowel [a] (dB)), smoothed cepstral 

peak prominence (CPPS (dB)) and variation of intensity (dB) in speech and singing free 

samples.  These measures, grouped by temporal and intensity acoustic dimensions, are 

detailed and discussed in the next section. 

After the ASQ script conception and the definition of speech tasks for its operation, two 

alaryngeal speakers (Sp1 and Sp2) were recruited to check the usability of the tool. They 

were under the institutional speech rehabilitation program and their speech samples were 

acoustically evaluated in terms of the speech quality: Sp1- superior and Sp2 - inferior.  

 

3. Preliminary Results and Discussion 

 

The preliminary application of the ASQ script in acoustic samples of Sp1 and Sp2 

revealed singularities in the temporal and intensity domains (Table 1). 

 

Table 1: Acoustic measures generated by the Alaryngeal Speech Quality (ASQ) script in 

Sp1- superior and SP2- inferior quality of phonation 

 

Acoustic Measures Sp 1 

Superior quality of phonation 

Sp 2 

Superior quality of phonation 

TEMPORAL 

Sustained vowel duration (s) 2.051 1.012 

INTENSITY 

V/C unvoiced intensity difference 

(dB) 

17.39 16.4 

V/C voiced intensity difference 

(dB) 

9.54 11.64 

Speech intensity mean -non 

calibrated (dB) 

64.42 58.84 

Speech intensity (SD) 4.43 6.21 

Singing intensity mean-non 

calibrated (dB) 

61.28 61.00 

Singing intensity (SD) 5.17 5.33 

CPPS (dB) 8.39 7.31 
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Source: elaborated by the authors 

The present study sought to advance towards characterizations of alaryngeal phonation 

that are not limited to the scope of sustained vowel utterances. Reis (2018), in an extensive 

survey on the voicing implementation of alaryngeal speech, analysed a set of measures 

related to temporal (duration), frequency (fundamental frequency - f0 and formants - F1, F2 

and F3) and intensity (energy) acoustic dimensions in the stationary period of vowels and in 

the transitions to the consonants in CVCV words: initial point of formants transitions, mean 

point of formants transitions and final point of formants transitions. This detailed dynamic 

survey of speech samples from 17 alaryngeal speakers indicated increased duration 

measures (inherent characteristics in articulatory patterns and the coordination of the 

neoglottis activity) similar to previous studies in other languages (Connor et al., 1985; van 

As-Brooks et al., 2006) and decreased energy distributions. The aforementioned research 

corpus was used to explore the acoustic measures feasible for the design of the first versions 

of the ASQ script. 

In terms of the temporal events, the general increase in duration measures of 

alaryngeal speech has been previously mentioned and related to inherent characteristics in 

articulatory patterns and the coordination of the neoglottis  (Connor et al., 1985; van As-

Brooks et al., 2006) and was found for Sp1 in Table 1. Thus, the acoustic findings reinforced 

the particular ability to sustain the voicing source as the essential cue for alaryngeal speakers 

to generate an acoustic speech signal that is intelligible and comprehensible. 

In this sense, the abilty to sustain the voicing source, such as in sustained phonation, 

is a relevant cue for alaryngeal speech assessment, especially when it is combined with other 

temporal and energy distribuiton markers, such are the set of measures proposed.  

Acoustic analysis is a non-invasive tool to clinicians, allowing for the establishment 

of acoustic-articulatory inferences. By choosing to analyse segments of connected speech, 

one can access different representation plans of the dynamic attributes of speech (Jongmans 

et al., 2006), from variations in the beginning and end of a consonant and adjacent vowels to 

variations in intensity, which can offer important cues about the quality of speech/voice 

production and the speaker's daily communication. 

The assessment of intensity variation in voiced and unvoiced boundaries may supply 

information about the synchronization of substitute voicing sources (represented by neoglottis 

activity) and articulatory gestures, such as the occlusion and release phases of stop 

consonants. In voiced environments, it is expected that the energy drop will be greater than in 

unvoiced contexts, as in Sp1’s data in Table 1. 

The script is the result of a joint effort of a group composed of speech therapists, a 

computer scientist and a head and neck surgeon. Implementation of frequency measures and 

the requirements such as usability and accessibility (Souza et al., 2020) of the device will be 

the source of future implementation, tackling the challenges in improving the tool as 

clinicians provide ongoing feedback. 
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4. Conclusions 

 

The ASQ script, as a free tool, offers an interactive interface that seems to be useful for the 

acoustic evaluation of alaryngeal speech, considering a dynamic perspective, based on a set 

of temporal and intensity parameters that can lead to differentiated outcome conditions in the 

rehabilitation processes.  
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