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Tracheoesophageal Voice Therapy in Postlaryngectomy 
Rehabilitation: A Systematic Review
⁎,†Freya Sparks, ‡Margaret Coffey, 

⁎
Lucy Dipper, 

⁎
Sally Morgan, and 

⁎
Katerina Hilari, ⁎†‡London, United Kingdom 

Summary: Background. Following total laryngectomy, surgical voice restoration is considered the optimal 
modality for re-establishing communication via tracheoesophageal voice. Yet beyond the insertion of a voice 
prosthesis to elicit voice production, there is suboptimal clinical knowledge of how to rehabilitate the perceptual 
quality of tracheoesophageal voice. This systematic review will identify and critically evaluate the quality and 
effectiveness of therapeutic interventions for tracheoesophageal voice. The !ndings of this review will inform the 
development of a novel tracheoesophageal voice therapy intervention. 
Study design. Systematic literature review carried out in accordance with PRISMA guidelines.
Methods. The review protocol was registered with PROSPERO. Eight electronic databases were searched 
using a prespeci!ed search strategy. Records were independently screened by two reviewers against inclusion 
and exclusion criteria. Eligible studies were assessed for quality using the PEDro, ROBIN-T, and NHLBI 
critical appraisal tools. Data was extracted pertaining to participant characteristics and the content, dosage, 
intensity and outcomes of interventions.
Results. 6344 records were identi!ed, of which 38 were included for full-text review. Six studies met the 
eligibility criteria for inclusion. Voice rehabilitation was not the primary focus in the majority of studies, and the 
risk of bias was identi!ed across studies. There was signi!cant heterogeneity in the interventions and outcome 
measures used within studies with insuf!cient detail provided on intervention content for tracheoesophageal 
voice. Evidence for the effectiveness of interventions was limited and inconsistent across studies.
Conclusions. This review found that tracheoesophageal voice therapy is an under-researched area of clinical 
practice. Evidence from the small body of existing studies was not suf!ciently robust to inform clinical practice 
at this time. This review highlights the necessity to develop and test interventions aimed at improving the 
perceptual quality of tracheoesophageal voice.
Key Words: Tracheoesophageal–Laryngectomy–Voice–Alaryngeal–Rehabilitation.  

INTRODUCTION AND OBJECTIVES
Total laryngectomy has devastating and irreversible con-
sequences for communication, resulting in the permanent 
loss of the ability to use a conventional voice to speak and 
communicate. Surgical voice restoration is commonly of-
fered as the optimal treatment for re-establishing spoken 
communication with tracheoesophageal voice, via the in-
sertion of a voice prosthesis.1 However, there is currently 
no professional consensus or systematic review that ad-
dresses the speci!c question of how to improve tracheoe-
sophageal voice quality after total laryngectomy. Clinical 
knowledge is therefore limited on what therapy approaches 

should be used to improve tracheoesophageal voice quality 
and maximise functional communication.

Laryngectomy is normally offered with curative intent2,3

with over 30% of the people with advanced laryngeal 
cancer surviving for !ve years or more.4 As a greater 
number of people are cured of cancer and enter survivor-
ship, the need for lifelong rehabilitation is essential.5

National guidelines for head and neck cancer rehabilita-
tion6 stipulate that long-term speech and language therapy 
(SLT) is essential for people undergoing total laryngectomy, 
and surgical voice restoration should be offered to all people 
with laryngectomy. To support this provision, it is the re-
commendation of the British Association of Head and Neck 
Oncologists (BAHNO) that an SLT with specialist surgical 
voice restoration skills is present in all head and neck cancer 
units.7 Whilst existing guidelines highlight the importance of 
the SLT role in laryngectomy rehabilitation, detail on the 
recommended content of SLT intervention is insuf!cient. In 
the context of tracheoesophageal voice rehabilitation, pro-
fessional guidance from the Royal College of Speech and 
Language Therapists (RCSLT),8 centres on the insertion and 
maintenance of a voice prosthesis. There is not recognition 
that tracheoesophageal voice quality may need to be opti-
mised and problems may extend beyond the initial dif!culty 
establishing voice.

Sharpe et al (2019)9 identi!ed that patients reported 
quality of life was affected by changes to communication 
after total laryngectomy and suggested that linking 
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communication to quality of life is a useful approach in 
post laryngectomy management. Mental health disorders 
such as depression and anxiety10,11 affect around 22% of 
people after laryngectomy12 and their presence has been 
linked to the outcome of voice restoration.12 People with 
head and neck cancer have a three-fold increase in in-
cidence of suicide compared to the general population in 
North America and within head and neck cancer, laryngeal 
cancer is among the highest incidence.13 It could therefore 
be interpreted that intervention aimed at improving com-
munication is a salient contributor to improving quality of 
life and supporting mental health after laryngectomy.

Several systematic reviews have been completed within 
the area of postlaryngectomy voice rehabilitation. These 
reviews have not focussed on therapeutic interventions, 
however, and instead evaluate the outcomes of different 
surgical approaches or comparison of postlaryngectomy 
communication methods.14–18

The psychosocial factors which in"uence voice re-
habilitation outcomes were evaluated in a systematic re-
view by Singer et al (2007).19 This review sought to identify 
the factors associated with the success of voice rehabilita-
tion after laryngectomy, noting that ‘there is no overall 
accepted criterion for success in gaining a new voice after 
laryngectomy’.19 Employment status, physical condition, 
communication method and behaviour were associated 
with rehabilitation outcomes. However, the authors noted 
that study results were inconsistent and the lack of stan-
dardised, validated measures and criteria for success pre-
sented a challenge in comparing studies and drawing 
conclusions. These areas were therefore recommended for 
further study.

The effect of different prostheses on voice quality has been 
evaluated.20 This study did not !nd a speci!c optimal pros-
thesis based on expert rating; however, individual patient 
preference was identi!ed as a salient factor and thus patient 
involvement in decision-making was advised. Taw!k et al 
(2021)21 conducted a large systematic review and meta-ana-
lysis of the outcome of voice prothesis usage. The aim of this 
review was to compare different voice prostheses and to 
identify which type of prosthesis was superior across various 
parameters. The review therefore centred on voice restora-
tion, rather than therapeutic interventions. The review con-
cluded that the Provox-2 was the best voice prosthesis in 
terms of air"ow, sizing, patient preference, and complications.

In summary, the focus of the literature on surgical voice 
restoration has been towards the placement of protheses, 
prosthesis selection, and management of complications, 
rather than on improving the perceptual quality of tra-
cheoesophageal voice. There is, therefore, a gap in knowl-
edge around the evidence for therapeutic interventions that 
optimise tracheoesophageal voice quality.

The objective of this systematic review was to critically 
appraise and synthesise existing evidence on therapeutic 
interventions that target improvement in tracheoesopha-
geal voice quality. The review will inform clinical practice 

and the development of a new therapy approach for tra-
cheoesophageal voice users. Speci!cally, the review aims to: 

1. Identify and describe the evidence pertaining to ther-
apeutic interventions for tracheoesophageal voice 
after total laryngectomy

2. Critically appraise any existing therapeutic interven-
tions, evaluate their effectiveness and the quality of 
the reported evidence

METHODS
The review was conducted in accordance with the preferred 
reporting items for systematic reviews and meta-analyses 
(PRISMA) guideline.22 Further information is presented in 
the PRISMA checklist (Supplementary Material A). The 
protocol was registered with the International Prospective 
Register of Systematic Reviews (PROSPERO) under re-
gistration reference: CRD42021265095. PROSPERO and 
Cochrane databases were searched to ensure there was no 
existing review of the same research questions.

Eligibility
The population of interest, and therefore, primary inclu-
sion criteria, was adults with total laryngectomy and tra-
cheoesophageal voice prosthesis. Studies were excluded if 
they related to sub-total laryngectomy procedures such as 
partial laryngectomy or tracheostomy. Studies relating to 
outdated surgical procedures practiced during the evolu-
tion of tracheoesophageal !stula surgery were excluded. 
Studies that recruited mixed populations were included if 
the !ndings for the total laryngectomy with tracheoeso-
phageal prosthesis group were reported separately, or if 
they formed more than 25% of the sample.

Therapeutic intervention to optimise functional voice 
after total laryngectomy is an emerging area with a limited 
evidence base. To identify as much evidence as possible, a 
broad criterion was applied to inclusion. Published, peer- 
reviewed intervention studies of any design with a com-
parator or control group were included. Interventions de-
livered in any setting were included. The search was not 
restricted by language or date of publication.

Interventions were required to target therapeutic re-
habilitation of tracheoesophageal voice after total lar-
yngectomy. To clarify the de!nition of therapeutic 
intervention, the Van Stan Taxonomy of Voice Therapy 
was used.23 Studies were included if the intervention could 
be categorised according to the direct and indirect inter-
ventions listed within the taxonomy. For example, direct 
interventions comprised working on respiratory function, 
vocal function, musculoskeletal aspects such as postural 
alignment, or auditory and somatosensory features. In-
direct interventions comprised of enhancing knowledge and 
addressing psychosocial factors.

As this is an under-researched area with scarce validated 
measures, outcomes across different areas were included. 
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Studies were eligible if their reported outcomes related to 
voice, speech, communication and their impact across ICF 
domains, quality of life or well-being. Non-therapeutic in-
terventions were excluded, such as surgery or instrumental 
interventions as these would not inform what Speech and 
Language Therapists, speci!cally, can do in the scope of 
their practice. 

Information sources 
Eight databases were searched via Ovid and EbscoHost 
platforms in July 2021 and updated in February 2023: 
CINAHL, Medline, Health Policy Reference Centre, APA 
PsychInfo, Embase, AMED, Cochrane, Ovid Emcare. 

Search strategy 
The search strategy (Table 1) was developed in consulta-
tion with a specialist subject librarian. Databases were 
searched separately using keywords and subject terms for 
title and abstract search. 

Selection process 
Search results were exported into EndNote for deduplica-
tion, following which a manual deduplication was com-
pleted to identify any missed duplicates. Deduplicated 
results were uploaded to Covidence software to support the 
management of the process. An additional deduplication 
was run in Covidence. The PRISMA "owchart was used as 
a framework to document each stage of the review 
(Figure 1). 

Due to resource limitations, title and abstract screening 
was completed in two stages. First, one reviewer (FS) 
checked the title and abstracts against the primary inclu-
sion criterion of the adult population with total lar-
yngectomy with voice prosthesis. 10% of the papers were 
checked by a second reviewer (SM). The two reviewers (FS 

and SM) then independently screened titles and abstracts of 
the included papers against the full inclusion and exclusion 
criteria to identify studies for full-text review. 
Disagreements were resolved by consensus between the 
reviewers, with a third senior reviewer (KH) available for a 
!nal decision if consensus could not be reached. At this 
stage 12 studies were discussed by the reviewers (FS and 
SM) to reach a consensus on inclusion for full-text review, 
senior review was not required. Reference lists and cita-
tions of included papers were screened for any studies that 
may have been missed in the initial search. Full-text review 
was completed independently by FS and SM using the 
same process to resolve any disagreements. Again senior 
review was not required as one inconsistency was resolved 
between the reviewers (FS and SM). 

Data collection process 
An electronic data extraction form was created to capture 
relevant data items from included studies. Data extraction 
was completed by the !rst author (FS). A second reviewer 
(SM) carried out independent data extraction on a ran-
domly selected 30% sample of included papers to ensure 
consistency. No inconsistencies were identi!ed in data ex-
traction. 

Risk of bias assessment 
The quality of the included studies was rated independently 
by two of the review teams (FS and SM). Assessment of 
quality was undertaken at the study level. The following 
quality assessment tools were used according to the study 
design:  

• For before and after studies with no control group, 
the National Heart, Lung and Blood Institute of the 
National Institute for Health quality assessment tool 

TABLE 1.  
Search Strategy for Systematic Review    

Search Terms  

1 Laryngectom* OR tracheoesophag* OR alaryngeal OR ‘surgical voice restoration’ 
2 Subject headings: 

EBSCO: Laryngectomy OR Tracheoesophageal voice prosthesis OR Speech, Alaryngeal 
OVID: Laryngectomy OR Larynx prosthesis OR Voice prosthesis OR Alaryngeal speech 

3 S1 OR S2 
4 voice OR communicat* OR speech OR phonat* 
5 Subject headings: 

EBSCO: Voice OR Voice Quality OR Voice disorders OR Communication OR Speech OR Phonation 
OVID: Voice OR Voice disorder OR Speech OR Phonation 

6 S4 OR S5 
7 Therap* OR intervention OR treat* OR strateg* OR rehabilitat* OR training OR programme* 
8 Subject headings: 

EBSCO: Rehabilitation OR Rehabilitation, Speech &Language OR Voice Therapy 
OVID: Therapy OR Rehabilitation OR Speech & Language rehabilitation OR Voice Training 

9 S7 OR S8 
10 S6 AND S9 
11 S3 AND S10   
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FIGURE 1. Identi!cation of studies. PRISMA 2020 Flow diagram adapted from Page et al, 2021.  
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for Before-After (Prepost) Studies with No Control 
Group24  

• For randomised and non-randomised control trials, 
the Physiotherapy Evidence Database (PEDro) scale25  

• For single case studies, the Risk of Bias in N-of-1 
Trials (ROBiN-T) scale26 

The template for intervention description and replication 
(TIDieR) checklist27 was used to assess the overall quality 
of the intervention reporting. 

Effect measures 
Effect sizes on primary outcome measures were calculated 
where data were appropriate using Cohen’s d.28 Where 
studies did not specify primary outcome measures, effect 
sizes were calculated for the overall score of measures used. 
Cohen’s d effect sizes were calculated using Psychometrica 
online calculator (Lenhard and Lenhard, 2016). Effect sizes 
were interpreted using the following values: small (d = 0.2), 
medium (d = 0.5), large (d = 0.8) according to values ad-
vised by Cohen.29 

A heterogeneity assessment was planned using the I2 
measure to ascertain if it was possible to perform a meta- 
analysis on relevant group studies; however, this was not 
performed as no two studies explored the same or very 
similar interventions. Single case studies were reported se-
parately. 

Synthesis methods 
Studies of adequate quality, as de!ned by the quality as-
sessment tools listed above, were included for data synth-
esis. Descriptive statistics were used to report participant 
characteristics and other variables. Due to the hetero-
geneity in the interventions evaluated and outcome mea-
sures used, a narrative synthesis approach was 
implemented, informed by ESRC guidance.30 

RESULTS 
Study selection 
Database searching yielded 6344 records. Following de-
duplication, title and abstract screening, and full-text re-
view, six studies were included for data extraction. Thirty- 
two studies were excluded following full text review. 
Citations and reasons for exclusion are listed in  
Supplementary Material B. Citation checking of included 
studies found no additional studies that met the inclusion 
criteria. Figure 1 illustrates the process of study identi!-
cation. Supplementary Material C details the data ex-
tracted from included studies, with the exception of key 
results and effect sizes which are reported in the results 
section. 

Translation of non-English papers 
Title and abstracts (n = 3) and full texts (n = 6) requiring 
translation were !rst informally translated to English by 
author connections or Google Translate. Two studies were 

deemed to potentially meet criteria for inclusion and 
therefore formal translation was sought using a medical 
specialist translation agency. 

Study characteristics 
Two studies were two-arm randomised controlled trials 
with intervention versus control groups.31,32 Three studies 
used a prospective before and after design, without a 
control group, where timepoint was used as the com-
parator.33–35 These studies did not use multiple baseline 
data collection points, and only one study35 used two 
postintervention data collection points. One study36 was a 
single case report with pre and postintervention outcome 
measures. Three studies took place in The Nether-
lands,32,35,36 two in Brazil,33,34 and one in Italy.31 Two 
studies reported that participants carried out the inter-
vention at home.32,35 Other studies did not give precise 
detail on the setting of the intervention but were indicative 
of an outpatient setting. 

Participant characteristics 
All studies centred on participants with total laryngectomy 
and either exclusively, or the majority, of participants were 
voice prosthesis users. Information was provided on ex-
tended surgeries or reconstruction and all studies, with the 
exception of De Oliveira et al, (2005)34 reported neoadju-
vant or adjuvant oncological treatments. The studies re-
ported on 157 participants, of whom 96 had an 
intervention and 61 were in control groups. Across studies 
the age of participants ranged from 40 to 81 years (where 
reported) and the mean age ranged from 49.8 to 68 years 
(where reported). All studies included a higher percentage 
of male participants, except the female single case report. 
All studies targeted alaryngeal voice produced by a pros-
thesis, however, the single case study participant used tra-
cheojejunal voice in place of tracheoesophageal voice.36 

Intervention characteristics 
Intervention description 
Studies followed a set protocol of intervention, however in 
most, this was not provided and interventions were not 
described in suf!cient detail for replication. Modi!cations 
were not covered in any studies and !delity was covered in 
two. Reports lacked information on the speci!cs of the 
intervention, such as the exact nature of an exercise, the 
number of repetitions, or the rationale for the exercise. 
More detail was provided in a separate protocol paper37 for 
Jansen (2020)32 which described the intervention. Other 
studies used photographs to enhance descriptions.35,36 The 
TIDieR checklist27 describes intervention characteristics 
for all included studies in Supplementary Material D. 

Intervention type 
All interventions could be categorised within the Van 
Stan Taxonomy of Voice Therapy23 which comprises 
direct interventions such as musculoskeletal and 
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respiratory; indirect interventions such as pedagogy and 
counselling; and intervention delivery methods. The two 
RCTs used indirect interventions in the form of self-care 
education programmes focussed on prosthesis and stoma 
care; and psychological support (Longobardi et al, 2019 
only).31 Within direct interventions, respiratory, muscu-
loskeletal and vocal function interventions were used 
most frequently. However, approaches differed and a 
lack of detailed description prevented identi!cation of 
speci!c similarities in therapeutic activities. Respiratory 
interventions were used in two studies31,34 in the form of 
breathing-to-stoma occlusion coordination. Whereas 
Van Sluis et al (2020)35 and Onofre (2013)33 used dif-
ferent approaches to respiratory muscle strength 
training. Musculoskeletal interventions were described in 
one study36 using digital modi!cation and postural op-
timisation. Differing interventions targeting vocal func-
tion were used across studies with the exception of 
Baijens et al (2010)36 and Van Sluis et al (2020)35 which 
did not use this approach. Interventions focussed on 
articulation, prosody, and pitch modulation, whilst one 
study33 used singing activities with the aim of improving 
auditory-perceptual voice quality. The dosage varied 
across studies from daily to weekly intervention sessions, 
and the overall intervention period was heterogenous, 
ranging from 4 weeks to 7 months. 

Intervention delivery 
Interventions were delivered via face-to-face sessions. In 
two studies32,35 home practice followed an initial face-to- 
face session to introduce the intervention. All studies used 
individual sessions with the exception of Longobardi et al 
(2019)31 where group sessions were used after an initial 
block of individual sessions. 

Fidelity 
Two studies reported adherence measures.32,35 In both, a 
practice tracking diary was used alongside informal quali-
tative measures such as a questionnaire or weekly check-up 
conversation. Jansen et al (2020)32 reported percentages 
across high, medium, and low adherence rather than the 
more commonly reported percent adherence. 

Attrition 
No attrition was reported in three studies.31,34,36 One par-
ticipant withdrew from Van Sluis et al (2020)35 due to 
unrelated medical reasons and one participant died of un-
related causes during the intervention period in Jansen 
et al, 2020.32 Onofre (2013)33 reported that two participants 
were excluded due to a lack of adherence to the inter-
vention. 

TABLE 2.  
Risk of Bias by Study Design   

continued on next page 
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Adverse effects 
Adverse effects were reported by Van Sluis et al (2020)35 

only. There was one event of voice prosthesis dislodgement 
after a training session. Additionally, minor complaints of 
dizziness and poor stoma seal around the EMST device 
were reported. Participants did not like the instruction to 
plug their voice prosthesis during EMST practice, however, 
this was not deemed an essential intervention component. 

Outcome measures 
No studies used the same outcome measures. Three 
studies assessed aspects of perceptual voice quality as an 
outcome, however different outcome measures were 
used. Several studies used voice quality outcome mea-
sures borrowed from laryngeal voice therapy, which were 
not validated on the laryngectomy population, such as 
the GRBAS scale,38 Voice Handicap Index,39 and Speech 

TABLE 2.  Continued 

continued on next page 
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Handicap Index.40 Supplementary Material E details 
outcome measures used. 

Risk of bias 
A risk of bias assessment was carried out on all studies.  
Table 2 reports this by study design. 

Risk of bias across studies 
Risk of bias was moderate to high with limitations identi-
!ed in all studies. Across studies sample sizes were rela-
tively small with a higher overall proportion of male 
participants. The mean average age was towards the lower 
range of the clinical population in the two studies.33,34 Few 
studies incorporated participants with extended surgery. 
No studies reported ethnicity or socioeconomic status of 
participants. 

Selection bias was identi!ed in several studies due to a 
lack of stated eligibility criteria, unclear recruitment pro-
tocols and absence of concealed allocation in one rando-
mised controlled trial. Blinding of participants and/or 
researchers was not consistently applied across studies 
leading to the risk of performance bias. The potential for 
attrition bias was low, with the exception of Onofre et al, 
(2013)33 which presented high risk of attrition bias due to 
the exclusion of participants with poor adherence to the 
intervention. 

Intervention description was inconsistent in several stu-
dies, impacting on replicability, and one study32 presented 
a risk of confounding bias due to the intervention design. 
Outcome measures were heterogenous with reliance on 
perceptual ratings, informal measures or measures that 
were not validated within the laryngectomy population, 
presenting a further risk of performance bias. 

Results of individual studies 
Table 3 details the results and effect sizes of all studies 
included for data extraction. 

Data synthesis 
Due to the heterogeneity of the studies, interventions tested 
and outcome measures used, meta-analysis was not carried 
out. A narrative synthesis approach was applied to describe 
the interventions and the outcomes. Two studies33,36 were 
excluded from the data synthesis as they were of insuf!cient 
quality for inclusion. The four included studies31,32,34,35 

totalled 151 participants, of which 132 were male and 19 
female. 

Intervention description and theory 
Studies were heterogenous in their interventions, stated 
aims, and use of outcome measures. There were however 
common elements targeting voice production between 

TABLE 2.  Continued 
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studies. Three studies31,34,35 included breathing exercises. 
Two studies31,34 provided practice of coordinating stoma 
occlusion, and three31,32,34 included speech-related ele-
ments such as articulation or prosody exercises. Jansen 
et al, 202032 was the only study to include upper body 
"exibility and lymphoedema exercises. All included studies 
varied in the dosage and intensity of intervention. 

Two studies32,34 did not provide a rationale for the 
trialled interventions. Longobardi et al (2019)31 provided a 
rationale for the investigation of psychological approaches, 
which was the main focus of the study, whereas rationale 
was not provided for the included voice production ap-
proaches. Similarly, Van Sluis et al (2020)35 described 
clearly the rationale for targeting expiratory pressures 
through expiratory muscle strength training (EMST), 
however, the potential impact of EMST on alaryngeal 
voice was not elaborated. 

Whilst the theoretical basis of the interventions was not 
illustrated in the studies, all interventions could be mapped 
onto the Van Stan Taxonomy of Voice Therapy.23 How-
ever, it has not yet been established that the theoretical 
principles underpinning interventions for laryngeal voice 
can be transferred to alaryngeal voice therapy without 
modi!cation, therefore, it is uncertain whether targeted 
outcomes could be in"uenced by the interventions. 

Synthesis of findings and exploration of relationships 
within the data 
The heterogeneity of outcome measures prevented com-
bined analysis of !ndings, therefore different intervention 
targets are described narratively. In some studies outcome 
measures used did not directly align to the intervention. 
For example, breathwork was reported in Longobardi et al 
(2019)31 and De Oliveira (2005)34; however, potential 
change was assessed using a measure of vocal function, 
rather than a speci!c breathing outcome measure. 

Self-reported voice impact. The SECEL, VHI-10 and 
SHI were used to assess self-reported voice impairment in 
Longobardi et al, (2019);31 Van Sluis et al (2020)35 and 
Jansen et al (2020)32 respectively. Jansen et al (2020)32 also 
used the SWAL-QOL, which includes a subsection score 
for communication. SECEL scores improved over time 
with a signi!cant difference in pre postintervention mean 
scores (P  <  0.001), representing reduced self-reported 
voice impairment with a large effect size (d = 1.61) 
following intervention in Longobardi et al (2019).31 

SECEL scores improved in both control and 
experimental groups. This was consistent with both 
groups receiving the same communication-related 
interventions, as the independent variable of the study 
was psychological support. Interaction effect was not 
reported; however, Jansen et al (2020)32 reported 
signi!cant improvement in the communication sub-score 
of the SWAL-QOL (P = 0.004) with small to medium effect 

size at postintervention and follow up (d = −0.18, −0.53) in 
the experimental group. 

In contrast, no signi!cant differences were found on the 
VHI-10 and SHI measures. This difference may be ac-
counted for by variation in outcome measures. Signi!cant 
change was demonstrated on the SECEL, which is a mea-
sure designed speci!cally for laryngeal cancer and validated 
within the laryngectomy population, whereas the VHI-10 is 
not designed for oncological populations. The SHI was 
developed and validated within an oropharyngeal cancer 
population, however, the focus of the scale is on speech 
problems, rather than voice quality, therefore it may not be 
the optimal assessment to measure alaryngeal voice change. 

Studies that demonstrated signi!cant change did not 
focus primarily on voice interventions. Jansen et al (2020)32 

and Longobardi et al (2019)31 investigated the use of a self- 
help programme and psychological support respectively. 

Vocal and pulmonary function. Longobardi et al 
(2019)31 used the INFVo scale for the perceptual 
evaluation of voice quality. Signi!cant improvement in 
prepost scores was reported in both experimental and 
control groups in all domains (P  <  0.022) with large 
effect size (d = −1.33 to 5.80), and groups were 
signi!cantly different (P  <  0.0005), however, the 
interaction effect was not reported to enable 
interpretation of the !nding. De Oliveira et al (2005)34 

did not !nd any signi!cant differences postintervention in 
vocal quality, pitch or sentence melody, based on Likert 
scale perceptual ratings. Validated outcome measures were 
not used within the study. 

Van Sluis et al (2020)35 reported an increase in mean 
decibels (Db) postintervention (week four), which was not 
sustained at the second follow-up (week eight). This aligned 
to an increase in mean maximum expiratory pressure 
(MEP) at week four and slight mean decrease at week 
eight. Intensity, as measured in decibels, is proportional to 
expiratory pressure41 therefore, the pattern of change in 
mean MEP and Db scores over time is consistent. Statis-
tical tests were not used to determine signi!cance, as the 
authors reported a lack of suf!cient data on the lar-
yngectomy population to perform sample size calculations. 
There was no change in mean maximum phonation time or 
pitch, which are not anticipated to be impacted by ex-
piratory pressure changes. There was no change over time 
in other measures of pulmonary function, physical exer-
tion, or fatigue. 

Intelligibility. Intelligibility was measured within two 
studies31,34 using perceptual rating. Whilst both studies 
included speech production or articulation exercises in their 
intervention programmes, only Longobardi et al (2019)31 

reported a signi!cant improvement in intelligibility over 
time (P  <  0.001). Data was not provided for calculation of 
effect size. 

Whilst detail on the speci!c exercises was limited, this 
difference in outcome was unexpected as the speech 
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intervention described in De Oliveira et al (2005)34 targeted 
speech production more directly through articulation ex-
ercises. This !nding could be attributed to a difference in 
the measurement of intelligibility where Longobardi et al 
(2019)31 used mean percentage of correctly perceived 
words, De Oliveira et al (2019)34 used a perceptual Likert 
scale which may be less robust. 

Psychological distress and quality of life. The two 
RCTs31,32 included measures of psychological distress, 
well-being, and quality of life. Quality of life measures 
and outcomes differed between studies. Jansen et al 
(2020)32 used the EORTC QLQ-C30 and H&N35 
measures which did not !nd any signi!cant group, time 
or interaction effects. These measures are speci!c to the 
general cancer and the head and neck cancer 
populations. Longobardi et al (2019)31 assessed quality 
of life using the WHO-QOL, which is a generic measure 
of the quality of life, not speci!c to cancer populations. 
The study reported a different pattern of change in the 
social relationships domain where QOL improved in the 
experimental group and declined in the control group 
(P = 0.017) with a large effect size (d = −1.14); and over 
time only (P  <  0.004) in the psychological health 
domain. Longobardi et al (2015)31 additionally 
measured self-reported psychological distress. This 
demonstrated a signi!cant effect of the group on 
depression (P = 0.017), paranoid ideation (P = 0.038), 
and obsessive-compulsiveness (P = 0.013) subscores 
with large effect sizes; where experimental group scores 
decreased and control group scores increased (indicative 
of more severe symptoms). 

The difference in outcomes between the two studies 
could be attributed to the inclusion of psychological in-
tervention within Longobardi et al (2015).31 Whilst the 
experimental group in Jansen et al (2020)32 received addi-
tional weekly coaching from a healthcare professional, this 
was not targeting psychological support. 

Robustness of synthesis 
PRISMA guidance was followed to ensure that the review 
process adhered to an established framework, with a search 
strategy designed to source all available evidence. The 
small number of studies and quality limitations meant 
limited data were available for synthesis. 

DISCUSSION 
This systematic review sought to identify and appraise 
therapeutic interventions for voice rehabilitation fol-
lowing total laryngectomy with tracheoesophageal voice 
prosthesis. The review searched eight healthcare data-
bases and followed PRISMA guidance. Six studies were 
identi!ed which met criteria for inclusion. This included 
two randomised controlled trials, one single case study 
and three before and after studies. All studies presented 

quality issues with two studies excluded from data 
synthesis due to a high risk of bias. The included studies 
explored voice rehabilitation after total laryngectomy, 
however, this was not the primary focus of the inter-
vention in the majority of studies. Interventions varied 
between studies with inadequate description for replica-
tion. Evidence for the effectiveness of the interventions 
was limited with few signi!cant !ndings and inconsistent 
outcomes between studies. Most studies contained small 
sample sizes and male participants were over-re-
presented, therefore, the generalisability of the outcomes 
should be interpreted with caution. Furthermore, few 
participants had received extended surgical reconstruc-
tions therefore the results may not be generalised to 
participants outside of the total laryngectomy with pri-
mary closure population. 

Interventions for tracheoesophageal voice 
The TIDieR checklist27 was used to assess intervention 
reporting. This demonstrated that interventions were not 
well described with insuf!cient detail for replication in 
some studies. This !nding is consistent with the literature 
on laryngeal voice therapy interventions.42 There was lim-
ited information on how speci!c exercises were carried out 
by participants and an absence of a theoretical rationale for 
some approaches. Where reported, studies varied in the 
number of sessions provided, intensity, and frequency of 
intervention. There was signi!cant heterogeneity in choice 
of outcome measures with some reliance on measures de-
signed outside of the laryngectomy population or informal 
measures such as Likert scales. This accords with sys-
tematic reviews of laryngeal voice therapy43,44 which found 
heterogeneity and methodological issues with the laryngeal 
voice evidence base. In the laryngectomy context, variation 
between studies and scarce theoretical basis may point to-
wards a lack of consensus or awareness of which inter-
ventions or outcome measures could be of bene!t to voice 
prosthesis users. 

Whilst interventions could be mapped onto the laryngeal 
voice therapy categorisations, there was an absence of di-
rect ‘borrowing’ from established laryngeal voice therapy 
methods and certain aspects of voice were not addressed 
within the included studies. For example, studies did not 
include approaches for resonance, and pitch was in-
corporated only via singing exercises rather than speech. 
This contrasts with the established use of semi-occluded 
vocal tract exercises45 and vocal function exercises46 to 
target resonance and pitch in laryngeal voice therapy. 
Functional approaches to voice use were not seen in iden-
ti!ed studies, yet this approach is well established in lar-
yngeal voice therapy, for example via Lee Silverman Voice 
Training,47 which focuses on impairment-based drills plus 
functional tasks to transfer therapy gains to real-world 
environments. This may suggest uncertainty about the ef-
fectiveness of these approaches within the laryngectomy 
population. 
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Quality of evidence and effectiveness of voice 
interventions 
Two studies33,36 were excluded from analysis due to the 
high risk of bias, whilst quality issues were present in all 
studies. Studies tended to deliver an intervention of several 
composite parts whilst using outcome measures that were 
not directly related to speci!c components. In the majority 
of studies the primary outcome measure was not speci!ed. 
This produced a lack of clarity on what speci!c element of 
the intervention could be bene!cial and confounded inter-
pretation of !ndings. 

A small number of positive !ndings were reported across 
studies, however, there was inconsistency in outcomes and 
a lack of commonalities relating to outcome measures and 
intervention details, which reduced the robustness of po-
sitive !ndings. Consequently, the existing evidence base is 
not suf!cient to inform therapeutic intervention. This 
points toward the need to develop clinical population- 
speci!c voice measures; which has similarly been high-
lighted within the non-laryngectomy head and neck cancer 
population48 and other emerging !elds of voice-related 
SLT practice, such as subglottic stenosis49 and above-cuff 
vocalisation.50 The necessity for further research to en-
hance transferrable evidence is identi!ed across areas of 
voice therapy.42,43,51 

Limitations 
This review aimed to identify evidence for therapeutic re-
habilitation of tracheoesophageal voice and to critically 
appraise the quality of the evidence and effectiveness of 
interventions. The review demonstrated that there is a very 
small evidence base in this area, !nding only six studies, 
which presented risk of bias. Due to the heterogeneity of 
interventions and outcomes used it was not possible to 
perform a meta-analysis. The review has therefore found 
limited information on what therapeutic interventions may 
be appropriate for tracheoesophageal voice. Moreover the 
small number of studies and identi!ed risk of bias further 
reduce con!dence in the !ndings and generalisability within 
clinical practice. 

CONCLUSION 
This systematic review sought to !nd evidence that could 
inform clinical practice; however, this was lacking, and 
robust evidence was not found. This has implications for 
future research and highlights the need for more studies on 
the development and testing of therapeutic interventions to 
improve tracheoesophageal voice. Intervention develop-
ment work should align to the Medical Research Council 
Framework for Developing and Evaluating Complex 
Interventions52 and follow a dynamic process of develop-
ment, testing, re!nement with stakeholder engagement. 

In acknowledging the requirement for further research, it 
is recommended that studies adhere to reporting guidelines 
such as TIDieR,27 and methodological issues are con-
sidered to enhance quality. Consistent use of outcome 

measures that are designed and validated for the lar-
yngectomy or head and neck cancer populations is ad-
vocated, to enable comparison of !ndings across studies 
and to improve robustness of outcomes. Further studies are 
required which explore multidimensional aspects of alar-
yngeal voice production such as pitch, resonance, and 
functional voice use; alongside wider investigation of the 
effectiveness of breathing and articulation approaches seen 
in the included studies. No studies considered the views of 
service users in detail within the development, study design, 
or intervention content and this is identi!ed of an area of 
research importance. 
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