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Text-to-speech synthesis as an alternative communication means  
after total laryngectomy

Barbora Repovaa#, Michal Zabrodskya#, Jan Plzaka, David Kalferta, Jindrich Matousekb, Jan Betkaa

Aims. Total laryngectomy still plays an essential part in the treatment of laryngeal cancer and loss of voice is the most 
feared consequence of the surgery. Commonly used rehabilitation methods include esophageal voice, electrolarynx, 
and implantation of voice prosthesis. In this paper we focus on a new perspective of vocal rehabilitation utilizing al-
ternative and augmentative communication (AAC) methods. 
Methods and Patients. 61 consecutive patients treated by means of total laryngectomy with or w/o voice prosthesis 
implantation were included in the study. All were offered voice banking and personalized speech synthesis (PSS). 
They had to voluntarily express their willingness to participate and to prove the ability to use modern electronic com-
munication devices.
Results. Of 30 patients fulfilling the study criteria, only 18 completed voice recording sufficient for voice reconstruction 
and synthesis. Eventually, only 7 patients started to use this AAC technology during the early postoperative period. 
The frequency and total usage time of the device gradually decreased. Currently, only 6 patients are active users of 
the technology. 
Conclusion. The influence of communication with the surrounding world on the quality of life of patients after total 
laryngectomy is unquestionable. The possibility of using the spoken word with the patient's personalized voice is an 
indisputable advantage. Such a form of voice rehabilitation should be offered to all patients who are deemed eligible.
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INTRODUCTION

With an estimated incidence of over 135,000 patients 
worldwide, squamous cell carcinoma of the larynx ac-
counts for about 2-4.5% of all malignancies1-3. The main 
goal of the treatment is to eliminate the tumor completely 
and cure the patient. However, due to the specific loca-
tion and function of the larynx, functional results also 
play a crucial role. Non-surgical treatment modalities, en-
doscopic surgery and partial laryngeal procedures from 
the external approach are aimed at maintaining the most 
important functions of the larynx, i.e. swallowing control, 
respiratory protection and the highest possible quality of 
voice. 

Voice is one of the most important communication 
tools and it is an inextricable part of te human personality. 
The human voice was described by Janice Light as one 
of “the essences of human life”4. And yet up to 4 million 
US and 97 million world population are at risk of losing 
or have already lost their voice. Laryngeal carcinoma is 
not the only pathology that threatens people with loss of 
voice. Recent review article by Creer et al. provided a full 
and surprisingly rich list of pathologies related to voice 

deterioration or its loss5. However, unlike, for example, 
patients with motor neuron degeneration, the physiologi-
cal form of the (though altered) voice can be preserved 
and even for a part of the population the eventual loss 
of the voice is preventable (smoking cessation, alcohol 
avoidance). 

Although there are other larynx preserving possibili-
ties in the treatment of laryngeal cancer, in some cases, 
performing total laryngectomy is unavoidable to save the 
patient’s life. Total laryngectomy involves complete re-
moval of the laryngeal cartilaginous framework including 
all the soft tissues of the laryngeal inlet and vocal cord 
apparatus. Resection of the larynx leads in an inevitable 
permanent division of the digestive tract and airway. The 
resulting pharyngeal defect is closed with T- or I-shaped 
suture in several layers. Thus, the anatomical rearrange-
ment of organs after laryngectomy no longer allows the 
use of exhaled air to produce sound. Therefore, it is obvi-
ous, that apart from many other problems related to this 
procedure, one of the major impacts for patients is that 
they lose the ability to speak. Loss of verbal communi-
cation for various reasons is the most disabling conse-
quence of surgical treatment and significantly decreases 
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patient’s quality of life6,7. Surgical procedures of this type 
are planned just short after the diagnosis of the malignant 
disease has been made, usually within two to six weeks. 
The complete loss of the voicing related to the surgery is 
rather abrupt and lasts at least one week before alterna-
tive ways of voicing are started. That means we have a 
relatively very short period to prepare any of the possible 
AAC methods ready for the use in immediate postopera-
tive phase. Patients must be counselled accordingly to 
fully understand the impact of the procedure, it is highly 
advisable to instruct them in detail as well as their close 
family members. Proper voice rehabilitation cannot start 
in the immediate postoperative period due to the risk of 
the wound break up and inflammation related swelling. 
Therefore, alternative communication modalities support 
invaluable interaction between the patient, medical team, 
nursing staff, speech and language physiotherapist. It also 
significantly helps the patient’s family to overcome the 
initial period of voiceless communication. 

This article attempts to introduce one of the new AAC 
modalities for patients after total laryngectomy.

Brief history of voice rehabilitation
One of the first speaking aids was described in 1859 by 

Jan Nepomuk Czermak, who published a case of 18-year-
old female with complete laryngeal stenosis with the artifi-
cial speaking device implantation. His device consisted of 
a tubing that was designed to reroute the airstream from 
the trachea to the lower parts of the larynx and thus to 
amplify the whisper produced by the patient. It was later 
described as the first artificial larynx8. 

The first successful laryngectomy was performed by 
Christian Albert Theodor Billroth on the 31st December 
1873 on a 36-year-old male teacher with laryngeal carci-
noma. Initially planned as a partial laryngectomy from 
median thyrotomy approach eventually ended up as a total 
laryngectomy with immediate artificial larynx placement. 
The voice rehabilitation of the first laryngectomee ever 
started under the supervision of Carl Gussenbauer with 
different devices9 which were very visionary for their time. 
The phonation was performed by closure of the cannula, 
so the airflow from trachea was redirected into the phar-
ynx and made the tongue and pharyngeal walls vibrate 
and produce a voice10. An obvious disadvantage of the 
first attempts of voice rehabilitation was the imperfect 
division of the swallowing tract and airways leading to 
a high morbidity and mortality rate related to aspiration 
pneumonia.

Current standards of voice rehabilitation

Oesophageal speech

The first report of what is known today as oesopha-
geal voice was presented by Raprand at the Academy of 
Science in Paris in 1828 (ref.11). This method of voice 
rehabilitation remained unnamed until 1919, when the 
Czech laryngologist Seeman introduced the term oesoph-
ageal speech12. 

The basic techniques of oesophageal speech involve 
building up enough positive pressure in the oral cavity 
through the activity of lips, tongue and cheeks. In the 
first phase, the tongue forces air from the mouth into the 
pharynx. In the second phase the back of the tongue over-
rides the sphincter pressure of the PE segment, thereby 
insufflating the oesophagus. Only 70-100 mL of air can 
be insufflated into the oesophagus, thus limiting both the 
volume and the phonation time of the speaker. Learning 
oesophageal speech requires lot of practice. Traditionally, 
reported rates of successfully rehabilitated patients do not 
exceed 30-35%. Note that the rehabilitation can only begin 
after the surgical wound has successfully healed.

External mechanical and electromechanical speech aids

Patients who are not able or not willing to learn oe-
sophageal voice have an alternative possibility of using 
mechanical and electromechanical vibrating devices com-
monly known as electrolarynges. An electrically operated 
vibrator is applied to the skin in the area of submandibu-
lar or submental trigon. Vibrations generated by the de-
vice are transmitted to the muscles of the pharyngeal wall 
and oral cavity and produce sound. Speech intelligibility is 
ensured by articulation within the oral cavity. Currently, 
there are three types of modern electrolarynges used – ex-
ternal transoral speech aids, external transcervical speech 
aids and intraoral speech aids. The current electrolarynges 
already use modern technology and allow users to change 
not only the volume of the voice, but also modulate its 
frequency13.

Tracheoesophageal (TE) fistula

Voice prosthesis inserted into the TE fistula is the 
most effective form of voice rehabilitation and is consid-
ered the gold standard of voice rehabilitation after total 
laryngectomy. After a period of efforts to modify surgi-
cal techniques for the rehabilitation of laryngectomized 
patients, the principle of TE voice rehabilitation has been 
established bycreating a fistula between the membranous 
wall of the trachea and the esophagus to harbor a suitable 
type of voice prosthesis. Very rapid development and test-
ing of new materials with higher resistance to biofilm and 
higher biocompatibility enabled the production of new 
types of prostheses with longer life and very favorable 
properties (low resistance). 

Voice prosthesis is nowadays widely used14. It is simply 
a one-way valve with a flap on the esophagus side of the 
prosthesis that mechanically prevents entry of liquids and 
solids. It allows patients to safely swallow, while ensuring 
the possibility to talk. Sound is produced while exhaling 
with covered stoma by air passing through the prosthesis, 
speech is formatted with the tongue, lips and resonant 
spaces. The voice prosthesis must be replaced regularly 
as it wears off and deforms due to fungal infection15,16. 
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Alternative and augmentative communication  
means voice banking and personalised speech synthesis

In addition to the aforementioned traditional methods 
of voice rehabilitation after total laryngectomy, it is also 
possible to use the developing methods of the so-called 
AAC. This is a group of techniques and technologies that 
enable and facilitate communication of the patient with 
the surroundings. From a technological point of view, it 
can be no, low or high-tech device. Some technologies 
allow the use of artificially created voice for communica-
tion. Speech synthesis and text-to-speech (TTS) devices 
are commonly referred to as voice output communication 
aids (VOCA) or speech generating devices (SGD) (ref.17). 
Nowadays, in principle, everyone is a user of technological 
devices that enable voice communication. The most com-
mon are mobile phones and tablets. Patients are familiar 
with them and can handle them well even in the case of 
deterioration of health or in the period immediate after 
major surgery such as total laryngectomy18. It is there-
fore clear that with implemented text-to-speech software 
these devices can be used in everyday contact with the sur-
roundings. The first form of recording the patient's own 
voice and its use in a period of deterioration or complete 
loss is the so-called message banking. In principle, it is a 
record of his/her own spoken words and sentences with 
appropriate intonation and emotional background, which 
is stored and sorted and then the records are used by the 
user at a suitable moment in communication with the 
surroundings. Developed in the 1990s, it is widely used 
for patients with neurodegenerative motoneuron diseases 
such as ALS (ref.19). The next step is the evolution of 
voice synthesis and the use of devices with the possibility 
of converting written text to voice. The patient's own voice 
can be used more flexibly without having to use phrases 
appropriate to certain situations. The indisputable draw-
back of this approach is the inability of modulating the 
emotional subtext of the information that is being com-
municated. Lack of the possibility to express the emotions 
of patient might be a limitation, yet the possibility of com-
municating their wishes, thoughts, needs or expressing 
emotions in words or sentences and in their own voice 
can be a lever for patients during the fight against the 
loss of their identity. For the laryngectomee, this may be 
the best and most important option of communication 
in the period immediately after laryngectomy, as well as 
in the period when alaryngeal speech is dysfunctional. It 
should also be remembered that although the substitute 
voice mechanisms may retain some similarities in the tone 
of the voice, the synthesized form of the patient's voice is 
much closer to the original. There are several methods of 
processing voice synthesis that will be discussed further.

Theory behind the building of the speech corpus

As the previous text was published, it was found to 
be a factor in diagnosis. Malignancy and the planned op-
eration play a very important role. Treatment delays can 
have enormous consequences for oncological treatment 
outcomes. Very stringent limits also affect the possibility 

of obtaining sufficient data for processing and further 
synthesis of the patient's personalized voice. The same 
time factor can play a role in the choice of the voice syn-
thesis algorithm. Likewise, it is necessary to consider the 
overall condition of the patient, his/her age, fatigue. The 
quality of the voice can be and often is influenced by the 
gradual progression of the disease and thus can hamper 
the resulting quality of the voice synthesis. 

For speech corpus of adequate quality, it is necessary 
to record a fairly large number of sentences. Recording 
takes place optimally in a soundproof studio, however, 
in order to simplify the organization of the recording, 
in some cases patients were recorded in a quiet room 
at the hospital, preferably in the evenings with minimal 
distracting background noise. Sentences are recorded 
with the maximal possible quality. It is generally better to 
record them in a sentence by sentence manner to avoid 
any influence by the context of preceding sentence. Voice 
recording should be stopped ideally when voice quality 
deteriorates due to voice fatigue. To build a sufficiently 
robust body of synthesized voice, 300-1000 carefully se-
lected sentences containing all possible phoneme vari-
ants should be recorded. For motivated patients with 
good voice quality before surgery, more sentences can 
be recorded that further optimizes the quality of the re-
sulting voice synthesis. Of course, more sentences mean 
better coverage of existing phonemes and thus a more 
realistic resemblance of synthetic voice and patient’s 
voice. Recording of sentences is in principal the same 
as recording for professional speakers, and the record-
ing itself needs to be supervised. The necessity to travel 
for the purpose of voice recording could have precluded 
some of the patients from the active participation in the 
study. Automating the selection of recorded sentences 
after checking the record quality would greatly simplify 
the process. A portable device capable of recording high-
quality voice would enable the entire agenda to be carried 
out at home. Efforts to maximize the quality of voice syn-
thesis did not allow this with patients entering the study, 
so all records were made, and the quality of the record 
was checked by trained staff. Further technical details are 
provided in other publications by the investigation team20. 

MATERIAL AND METHODS

From January 1st, 2015 till December 31st, 2016, 61 
patients scheduled for surgical treatment of laryngeal or 
hypopharyngeal cancer have been addressed to participate 
in the voice banking and TTS study. All patients actively 
expressed their will to participate in the study and signed 
their informed consent. The study was carried out by the 
University of West Bohemia in cooperation with Charles 
University and the Faculty Hospital in Motol whose 
Ethics Committee approved the research (under registra-
tion number EK-60A1/14). All 18 patients suitable for the 
study carried out a recording of their own voice for the 
purpose of personalized speech synthesis (PSS), another 
14 patients expressed their desire to communicate through 
mobile devices using anonymous professional synthetic 
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voice chosen from the software provider’s voice library 
and text-to-speech software/device. All patients included 
in the study filled in the WHOQOL-BREF and the VHI-
30 (Czech validated version21) questionnaire before the 
surgery and at 6-8 months after the termination of the 
treatment. Analysis of the frequency of use of TTS using 
PSS or professional SS was performed. Further endpoints 
were the evaluation of the VHI and QoL questionnaires.

RESULTS

61 patients were invited to participate in the study. All 
were scheduled for total laryngectomy for T3-T4a laryn-
geal or hypopharyngeal cancer with uni or bilateral neck 
dissection according to the regional lymph node involve-
ment. Quality of their voice preoperatively was assessed 
and rated according to the scale with rating 1-3 (normal 
(1), dysphonic (2) and aphonic (3)). No voice was rated 
as of physiological quality in any of the patients. 31 were 
assessed as unsuitable for recording voice recordings due 
to low voice quality prior to surgery or due to unsatis-
factory cooperation and compliance. Of the 30 patients 
with sufficient quality of voice, only 18 were willing and 

able to obtain a sufficiently robust record permitting a 
satisfactory quality personalized voice synthesis. Of those 
18 patients, in 11 voice prosthesis was implanted primar-
ily during the total laryngectomy. Patients were able to 
record between 210 and 1400 sentences, the arithmetic 
mean being 596 sentences. Two patients recorded less 
than 300 sentences (210 and 230 sentences), one exactly 
300 sentences. For most, unit selection (US) or hidden 
Markov model (HMM) systems were used to perform 
PSS. The resulting product was provided as a device 
download software with the ability to convert written text 
to voice. Altogether, only 7 patients eventually started to 
use the TTS technology during the early postoperative 
period (Fig. 1). The frequency and total usage time of 
the device/24 h (compliance) was far better in the first 
postoperative week than later during hospital stay when 
the effort to use the device gradually decreased. The fre-
quency and time of use of the technology also further 
decreased after the implanted voice prosthesis became 
fully functional (11 of 18 patients with PSS). Currently 
only 6 patients are active users of the technology. One of 
the patients who was implanted with the voice prosthesis 
as well is also an active software user. He uses TTS as 
he lectures at the university and prepares the text of the 

Table 1. Evaluation of quality of life in patients undergoing total laryngectomy (WHOQOL-BREF). 

Very poor Poor Neither poor 
nor good

Good Very good Not  
answered

Overall QoL 0 (0) 18 (5) 36 (18) 14 (41) 5 (0) 27 (36)

Satisfaction with herself/himself 0 (5) 23 (9) 23 (5) 23 (41) 4 (4) 27 (36)
Satisfaction with personal relationships 0 (0) 0 (0) 18 (10) 32 (27) 23 (27) 27 (36)
Feelings of anxiet, depression and despair 0 (0) 14 (32) 4 (9) 50 (18) 5 (0) 27 (41)

Values are presented as a percentage. Modified with permission of authors according to reference 25.

Fig. 1. Patient using TTS device in the immediate postoperative period.
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lectures in advance and then only adds necessary com-
ments or messages with a tracheoesophageal voice ac-
cording to current situation or his students' questions. 
Another patient is a government psychologist and uses 
his personalized voice to read instructions for job appli-
cants for the police in the admission process. If some 
of them have further questions, he answers them using 
voice prosthesis. VHI-30 preoperatively scored high in 
concordance with the severity of disease and symptoms 
with the PEFT (physical, emotional, functional domains 
and total value) values averaging 19, 18, 15.8, 52.9 re-
spectively. Postoperative values despite the devastating 
surgery were lower with values averaging 17, 13.6, 14.2 and 
44.8 respectively. Regardless of the decreasing trend in 
the frequency of synthetic speech utilization, all patients 
experienced a noticeable improvement in quality of life pa-
rameters related to its use, at least in the immediate phase 
of postoperative period. Changes in patients’ perception 
of quality of life are shown in Table 1.

DISCUSSION

Treatment of laryngeal and hypopharyngeal carcinoma 
continues to evolve. Though there has been substantial 
development in organ preserving treatment strategies and 
organ preserving surgery, the overall oncologic results 
have not changed. There is a clear shift from the total 
laryngectomy to organ preservation protocols in response 
to the Veterans Affairs study2,3. The latest data suggest 
that the previously assumed equivalence of the survival in 
T4 cancers of both the larynx and hypopharynx may re-
quire reconsideration, because surgical arms show better 
results. In cases of advanced and very advanced laryngeal 
and hypopharyngeal cancer the organ preserving surgery 
is rarely possible. Unfortunately, the total laryngectomy is 
a procedure that significantly reduces the patient's quality 
of life. It has been repeatedly demonstrated that patients 
are willing to sacrifice an overall chance of survival for the 
possibility of maintaining a functioning larynx with the 
possibility of physiological voice production6,22. It is clear-
ly a voice related quality of life issue that plays the most 
important role in patients’ decision-making process. A 
prospective study of Laccourreye et al. showed this quite 
clearly. In their study nearly 2/3 of patients expressed 
their desire to avoid total laryngectomy despite the known 
impact on the overall survival rates22. The reason behind 
this decision is a combination of fear of loss of identity, 
the possibility to communicate with people, the possibility 
of communication of wishes and the expression of basic 
needs. Also, the fear of the economic impact of the loss 
of verbal communication may play a role. A very recent 
study published by Kotake et al. clearly shows that ap-
proximately 28% of patients blame the loss of voice as the 
main cause of unemployment in the post-laryngectomy 
period23.

The current gold standard of care in rehabilitation af-
ter total laryngectomy is a tracheoesophageal speech with 
the voice prosthesis placement. Though this provides an 
easy-to-learn method of voice production that can be used 

just 14 days after surgery, the drawback is the necessity to 
regularly replace the prosthesis based on the device life-
time, possible complications at the site of tracheoesopha-
geal fistula etc. In the case of a voice prosthesis, voice 
communication is disabled. Replacing a voice prosthesis 
is not a complicated task, but the availability of exchanges 
may be limited to logistical factors (distance of residence, 
etc.). For example, Galli et al. presented a cohort of 15 
patients. 20% would not choose voice prosthesis as a 
method of choice if they had a chance just because of 
long distance from the hospital. Other methods of voice 
rehabilitation also have their pitfalls. Oesophageal speech 
is a remarkable way for restoring the patient’s voice, but 
it is very challenging to learn it properly, leaving up to 
30-70% of patients unable to speak despite the effort24. 
Effective voice rehabilitation plays an essential role in 
re-creating a satisfactory life after total laryngectomy, re-
turn of self-confidence, feeling safe with possible verbal 
defense. But should any modality of voice rehabilitation 
be used, there may always be a period of silence without 
the ability to verbally express oneself (voice prosthesis 
dysfunction, electrolarynx breakdown etc.). With text-to-
speech synthesis, we are now able to help patients over-
come these periods and allow them to speak with their 
own or other preferred voice from day one after surgery. 
The main benefit is easy-to-use concept of this method, 
it virtually requires minimal training and preparation25. 
The cost of this type of rehabilitation includes expenses 
for voice recording and synthesis, and then the cost of 
the mobile app (Fig. 2). There is no need of additional 
hospital visits. 

The quality of life is significantly influenced after total 
laryngectomy. However, the overall trend in quality of life 
development is positive; patients perceive overall quality 
of life after surgery better than before surgery25. When 
evaluating the quality of life after total laryngectomy, sim-
ple use of both WHOQOL-BREF and the VHI-30 ques-
tionnaires failed to fully capture the full range of aspects 
(such as voice rehabilitation modality, patient education, 
socioeconomic conditions, adjuvant cancer therapy, the 
need for reconstructive surgery, etc.) that influence this 
specific group of patients. Therefore, the ability to filter 
out aspects that contribute to subjective evaluation by pa-
tients remains a challenge. Despite these difficulties, even 
when comparing the results of questionnaires of voice re-
habilitation patients with voice prosthesis with patients us-
ing only voice synthesis, in both groups, there is a visible 
positive trend in improving the quality of life perceived 
by the patients themselves. This, in our opinion, confirms 
the positive impact of rehabilitation of these patients with 
SGD on the quality of life. Demanding therapy and health 
changes leading to an increased risk of depression are un-
doubtedly also reflected in the low cooperation of patients 
in completing questionnaires after surgery. In contrast 
to patients with, for example, ALS, who are showing a 
growing interest in the use of AAC, we see a subgroup 
using TTS in our patients. This phenomenon can also be 
explained by the higher average age of patients than in the 
group of patients with neurodegenerative diseases.
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CONCLUSION

There is no doubt that voice prosthesis represents a 
highly effective form of rehabilitation and provides excel-
lent results in the majority of patients. Nevertheless, our 
results show that for all laryngectomees, voice banking 
and text-to-speech synthesis used through SDG can cer-
tainly be an opportunity to increase the quality of life and 
decrease the number of patients reluctant to accept the 
preferred surgical treatment in locally advanced and very 
advanced tumors.

Acknowledgment: The research leading to these results has 
received funding from the Charles University in Prague, 
GAUK no. 136516, PROGRES Q28/LF1, UNCE 204013 
and NV18-08-00229 from AZV.
This research was supported by the Technology Agency of 
the Czech Republic (TA CR), project No. TH02010307.
Author contributions: BR: manuscript writing and litera-
ture search, data collection and analysis; MZ: manuscript 
writing and literature search, data analysis, study design; 
DK: data interpretation; JP: data interpretation; JM: sta-
tistical analysis, voice synthesis; JB: data interpretation, 
study design.
Conflict of interest statement: The authors state that there 
are no conflicts of interest regarding the publication of 
this article.

REFERENCES

 1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, Thun MJ. Cancer 
statistics. CA Cancer J Clin 2008;58:71-96. 

 2. Timmermans AJ, van Dijk BA, Overbeek LI, van Velthuysen ML, van 
Tinteren H, Hilgers FJ, van den Brekel MW. Trends in treatment and 
survival for advanced laryngeal cancer: A 20-year population-based 
study in The Netherlands. Head Neck 2016;38(1):1247-55.

 3. Petersen JF, Timmermans AJ, van Dijk BAC, Overbeek LIH, Smit LA, 
Hilgers FJM, Stuiver MM, van den Brekel MWM. Trends in treatment, 
incidence and survival of hypopharynx cancer: a 20-year popula-
tion-based study in the Netherlands. Eur Arch Otorhinolaryngol 
2018;275(1):181-9.

 4. Light, J. Communication is the essence of human life: reflections 
on communicative competence. Augmentative and Alternative 
Communication 1997;13(2):61-70.

 5. Creer S, Enderby P, Judge S, John A. Prevalence of people who 
could benefit from augmentative and alternative communication 
(AAC) in the UK: determining the need. Int J Lang Commun Disord 
2016;51(6):639-53.

 6. McNeil BJ, Weichselbaum R, Pauker SG. Speech and survival: trad-
eoffs between quality and quantity of life in laryngeal cancer. N Engl 
J Med 1981;305(17):982-7.

 7. Felgoise SH, Zaccheo V, Duff J, Simmons Z. Verbal communication 
impacts quality of life in patients with amyotrophic lateral sclerosis. 
Amyotroph Lateral Scler Frontotemporal Degener 2016;17(3-4):179-
83.

 8. Onodi A. Die künstliche Stimme und Sprache. Monatsschr 
Ohrenheilk Laryngorhinol 1918; 52:85-102.

 9. Reynaud M. Observation sur une fistule aérienne, avec occlusion 
complète de la partie inférieure du larynx, pour servir à l’histoire de 
la phonation. Gaz Méd Paris 1841;9:583–585.

10. Schwartz AW, Dr. Theodor Billroth and the first laryngectomy. Ann 
Plast Surg 1978;1(5):513-6.

11. Duguay M. Esophageal voice: An historical review. J Voice 
1989;3:264-8.

12. Seeman M. Speech and voice without larynx and their origin. Cas 
lek ces 1922;65:369-72. (In Czech)

13. Kaye R, Tang CG, Sinclair CF. The electrolarynx: voice restoration after 
total laryngectomy. Med Devices (Auckl) 2017;10:133-40.

14. Slavíček A, Jablonický P, Betka J. A. Hlasové protézy – první 
zkušenosti. Otolaryngol 1995; 44:77-81. (In Czech)

15. Leonhard M, Schneider-Stickler B. Voice prostheses, microbial colo-
nization and biofilm formation. Adv Exp Med Biol 2015;830:123-36.

16. Lewin JS, Baumgart LM, Barrow MP, Hutcheson KA. Device Life of the 
Tracheoesophageal Voice Prosthesis Revisited. JAMA Otolaryngol 
Head Neck Surg 2017;143(1):65-71.

17. Blischak, D., L. Lombardino, and A. Dyson, Use of Speech-Generating 
Devices: In Support of Natural Speech. Augment Altern Commun 
2003;19(1):29-35.

18. Romportl J, Repova B, Betka J. Vocal rehabilitation of laryngect-
omised patients by personalised computer speech synthesis. In: 
Phoniatrics I. European manual of medicine, A. Zehnhoff-Dinnesen 
A, Wiskirska-Woznica B, Nawka T. Berlin:Springer-Verlag; 2018 p. 435-
526 

19. Linse K, Aust E, Joos M, Hermann A, Communication Matters-Pitfalls 
and Promise of Hightech Communication Devices in Palliative Care 
of Severely Physically Disabled Patients With Amyotrophic Lateral 
Sclerosis. Front Neurol 2018;9:603.

20. Juzova M, Romportl J, Tihelka D. Speech corpus preparation for voice 
banking of laryngectomised patients. In: Text speech dialogue, Kral 
P, Matousek V, Springer International Publishing; 2015 p. 282–290.

21. Švec JG, Lejska M, Frostová J, Zábrodský M, Drčata J, Král P. Česká 
verze dotazníku Voice Handicap Index pro kvantitativní hodnocení 
hlasových potíží vnímaných pacientem Otorinolaryng a Foniat 
2009;58(3):132-9. (In Czech)

22. Laccourreye O, Bonfils P, Malinvaud D, Ménard M, Giraud P. Survival 
and laryngeal preservation tradeoff in advanced laryngeal cancer: 
From the otorhinolaryngology patient to the managing physician. 
Head Neck 2017;39(10):1984-9.

23. Kotake K, Kai I, Iwanaga K, Suzukamo Y, Takahashi A. Effects of 
occupational status on social adjustment after laryngectomy in 
patients with laryngeal and hypopharyngeal cancer. Eur Arch 
Otorhinolaryngol 2019;276(5):1439-46.

24. Hilgers FJ, Ackerstaff AH, Aaronson NK, Schouwenburg PF, Van 
Zandwijk N. Physical and psychosocial consequences of total lar-
yngectomy. Clin Otolaryngol Allied Sci 1990;15(5):421-5.

25. Mertl J, Zackova E,, Repova B. Quality of life of patients after to-
tal laryngectomy: the struggle against stigmatization and social 
exclusion using speech synthesis. Disabil Rehabil Assist Technol 
2018;13(4):342-52.


