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Voice rehabilitation in laryngectomized is a 
challenge, with the goal of restoring voice to 
patients unable to perform laryngeal 
phonation. However, current available 
methods can lead to the production of poorly 
intelligible and naturally impaired voices. In 
addition, most don`t reflect the patient's pre-
morbid vocal identity.  
 
On the other hand, from a speech language 
pathologist point of view, it`s important to 
know what acoustic patterns can be expected 
when using a esophageal voice (ES) or a voice 
with a tracheoesophageal prosthesis (TES), in 
order to define and adjust the therapy  plan. To 
the European Portuguese language, which has 
phonetic-acoustic specificities, there are still 
insufficient references to the study of 
alaryngeal voices.    

Introduction 

This study characterizes ES and TES of 
European Portuguese speakers.  
 10 male cases who had a total laryngectomy 

and did Speech Therapy  at CHUP-HSA. 
European Portuguese Oral Vowels (/a/, /i/ 

and /u/) were used, first in isolated 
production (for Maximum Phonation Time 
(MPT) measurement); then presented as a 
word, in written form and with the 
combination of occlusive consonants /p/, /t/ 
and /k/ (for acoustic analysis). 

Methodology 

MPT values are found in table 1. The differences are evident and 
significant when comparing the type of voice with the duration of 
vowels emission, with superiority for TES. This values are in 
accordance with the previous investigations developed in Portugal [1] 
and abroad [2] [3] [4]. 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 

Results and Discussion 

PARAMETERS /a/ /i/ /u/ p-value 

1st Formant (Hz) ±SD 750,58±15,15 545,96±60,60 522,65±18,82 ,000 

2nd Formant (Hz)±SD 1648,31±18,22 2394,51±43,84 1308,70±71,40 ,000 

Jitter (%) ±SD 4,15±0,42 5,69±0,56 5,34±0,44 ,133 

Shimmer (%) ±SD 18,26±1,17 18,11±1,53 15,60±1,06 ,356 

HNR (dB) ±SD 3,22±0,41 4,90±0,51 4,36±0,56 ,049 

  
 TYPE OF SPEECH 

  

  
ES TES p-value 

/a/ /i/ /u/ /a/ /i/ /u/ /a/ /i/ /u/ 

f0 -Mean±SD 
565,74±5

04,62 
617,55±5

64,13 
213,45±15

1,15 
271,40±

286,62 
137,23±6

3,56 
353,07±2,

90 
,004 ,000 ,582 

1st Formant 
(Hz) ±SD 

792,16±5
0,26 

777,87±5
07,49 

512,62±3
8,91 

719,84±1
10,07 

391,35±2
21,87 

527,33±14
9,56 

,001 ,016 ,002 

2nd Formant 
(Hz) ±SD 

1592,54±1
02,50 

2554,02±

152,69 
1103,03±

212,96 
1689,53
±108,28 

2288,17±

319,01 
1404,68±5

31,38 
,077 ,000 ,670 

  TYPES OF SPEECH 

 
Vowel 

ES TES 

Duration 
(seconds )± SD 

Min Máx 
Duration 

(seconds) ± SD 
Min Máx 

/a/ 1,87±1,04 0,40 4,95 4,32±1,43 0,55 9,62 

/i/ 1,80±0,64 0,41 3,33 3,49±1,12 0,65 7,03 

/u/ 1,14±0,62 0,27 2,33 2,49±0,81 0,50 6,87 

Table3: Acoustic Parameters 1st, 2nd  formant, Jitter, Shimmer and HNR 
according to the vowel /a/,  /i/ or /u/ 

Table2: Values of 𝑓0, 1st and 2nd  formant according to the type of speech used 

Table1: Values of the maximum phonation time according to the type of speech used 

The obtained results allow the first sketch of alaryngeal 
voice patterns for European Portuguese speakers. Sample 
size must be enlarged and acoustic analysis algorithms 
need to be calibrated to this specific alaryngeal sound 
production, to overcome methodological bias. These 
results and the produced data contributed to a software 
development – LxReahb – with interfaces that support  a 
distance consultation. A reality in nowadays clinical 
settings. 

The parameters 𝑓0, 1st and 2nd Formant were analyzed according to the 
type of speech, ES or TES (table 2). The values found for 𝑓0 in the TES 
speech are in line with studies already carried out. We found 
significant differences between the two speech types for /i/, in all of 
the analyzed parameters. Regarding the 1st Formant, in the esophageal 
voice it is in agreement with the values reported in investigations of 
2018 [5]. Concerning the TES voice, Formants have lower values than 
what is described in the literature [5]. 
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