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Singer ‘Non-Indwelling Low Pressure’
and ‘Classic Indwelling’ Voice Prosthesis
in Male Tracheo-oesophageal Speakers
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ABSTRACT

Introduction: Tracheo-oesophageal (TE) speech is one of the
most commonly used alaryngeal voice restoration options for
individuals who have undergone a total laryngectomy. Cepstral
Peak Prominence (CPP) implies the overall voice quality
objectively.

Aim: To compare the CPP between Blom-Singer non-
indwelling low pressure and classic indwelling voice prosthesis
across vowel phonation /a/ and text-reading tasks in male TE
speakers.

Materials and Methods: The study included 10 male TE
speakers in the age range of 45-75 years. Dr. Hillenbrand’s
‘Speech Tool’ software was used to measure CPP. Two types
of speech prosthesis used were Blom-Singer non-indwelling
low pressure and classic indwelling voice prosthesis (both of 16
French diameter) and the tasks vowel phonation and text-reading
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INTRODUCTION

Tracheo-oesophageal speech is one of the most commonly
used alaryngeal voice modes for individuals undergoing total
laryngectomy due to laryngeal cancer. Laryngeal cancer contributes
to approximately 3-6% of all cancer in Indian males and only about
0.2-1% of all cancers in females (ICMR, 2013) [1]. In TE speakers,
appropriate sized voice prosthesis is fitted into TE Puncture (TEP) for
voice production [2]. The voice source (neoglottis) characteristics of
TE speakers have been effectively studied and there is an increasing
focus towards cepstral analysis of TE voice. Cepstral measure i.e.,
CPP is a more reliable measure of periodicity and implies on voice
quality in an objective and quantifiable way [3-6]. In TE speakers,
due to a periodic nature of the neoglottic vibration, CPP is more
preferred to objectively quantify the overall voice quality [7,8].

There are differences present between Blom-Singer non-indwelling
low pressure and classic indwelling voice prosthesis in terms of mode
of fitting (non-indwelling versus indwelling), prosthesis design (size
of the tracheal and oesophageal flanges, prosthesis tip and silicon
grade used), valve opening pressure and cost of the voice prostheses.
Valve opening pressure is reported to influence the device life [9].
In developing countries like India, cost is a major factor in patient
decision of prosthesis selection, as most often, it is not covered
under health insurance. Findings on voice quality differences in same
TE speaker with two different voice prosthesis would substantiate
the decision making during the selection of the voice prostheses for
both clinicians and patients. It would provide additional information
to the clinician justifying the cost of the device especially at the time
of counselling. Hence, the objective of the current study was to
compare the CPP between Blom-Singer non-indwelling low pressure
and classic indwelling voice prosthesis across vowel phonation /a/
and text-reading tasks in male TE speakers.
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were considered. The SPSS software, version 15.0 (SPSS Inc.,
Chicago, IL) was used for data analysis. The parametric paired
t-test was applied to compare CPP between two types of voice
prostheses across speech tasks.

Results: There was no significant difference between Blom-
Singer non-indwelling low pressure voice prosthesis and classic
indwelling voice prosthesis for CPP during vowel phonation/a/
task {t(9)=0.74, p=0.516} and text-reading task {t(9)=0.72,
p=0.947)}. Similarly, there was no significant difference for CPP
between speech tasks for Blom-Singer non-indwelling low
pressure voice prosthesis {t(9)=1.11, p=0.347)} and Blom-Singer
classic indwelling voice prosthesis {t(9)=0.51, p=0.644)}.

Conclusion: In TE speakers, CPP is not influenced by prosthesis
type in terms of mode of fitting, prosthesis design and valve
opening pressure across speech tasks, implying no difference
in the objective measure of overall voice quality.

Alaryngeal speech, Cepstral analysis, Neoglottis, Prosthetic voice

MATERIALS AND METHODS

This is a comparative study with cross-over study design carried out
at the Department of Speech and Hearing, School of Allied Health
Sciences (SOAHS), Manipal Academy of Higher Education (MAHE),
Manipal, Karnataka, India, between May 2014 to February 2018.

Participants: The clinical group consisted of 10 male TE speakers
in the age range of 45-75 years. Participants who were referred
from the head and neck surgeon were considered for the study.
Participants who underwent total laryngectomy during two years
time frame before the commencement of the study were considered.
Participants who had undergone secondary TEP following total
laryngectomy with catheter in place for 48 hours were referred
to Speech-Language Pathologist (SLP). Patients with respiratory
complaints, hearing problem, psychological and neurological
problems, habits of cigarette smoking, alcohol intake, heavy
exposure to chemicals and who have undergone chemotherapy/
radiation post-total laryngectomy were excluded. The study was
commenced after approval from Institutional Ethics Committee (IEC
245/2014). Prior to data collection, a signed ‘consent form’ and
‘subject information sheet’ were obtained.

Data collection: Blom-Singer non-indwelling low pressure and
classic indwelling voice prosthesis were used in the study. Non-
indwelling type requires removal, cleaning and re-insertion on a daily
basis or at least every 3-4 days, by the patient or caregiver. The
indwelling type of voice prosthesis is generally fitted by a trained
SLP and does not require frequent removal and insertion, can stay
in place for 3-6 months [10]. For all participants, first prosthesis to
be fitted was selected on the basis of randomisation using ‘research
randomizer’ programme. Participants could see the voice prosthesis,



Sheela Shekaraiah et al., Cepstral Peak Prominence in Tracheo-oesophageal Speakers

however they were blinded to the name, type of the prosthesis
and the manufacturer. Each prostheses was fitted according to
the manufacturer’s instruction. Each participant made four visits.
After 48 hours of secondary TEP with catheter, participants were
subjected for data collection. One of the prostheses was fitted and
after two days of speech stabilisation period, recording of vowel
phonation/a/and text-reading were done. Following recording, the
first prosthesis was removed and the catheter was inserted which
was retained for next 48 hours. Second prosthesis was then fitted
and again after two days of speech stabilisation period, recordings
were repeated. Subsequent to each prosthesis fitting, participants
were given a practice session on optimal digital occlusion of stoma
for speaking. Two days of stabilisation period was given to ensure
all participants who have acquired optimal occlusion to produce
intelligible speech. Researcher who recorded the speech samples
was blinded to both participant details and prosthesis.

Instrument used for recording: The participants were made to sit
comfortably in a sound-treated room. Dr. Hillenbrand’s ‘Speech Tool’
software (James Hillenbrand, Kalamazoo, MI) was used to measure
CPP. It works on linear regression analysis which is an important
step in calculating the CPP, thus limiting the usefulness of software
programs that do not employ this step [4]. Unlike Computerised
Speech Lab (CSL) algorithm, this software provides information on
CPP with less time and cost. Speech samples were recorded with
the sampling frequency of 44 kHz and 16-bits amplitude resolution
by a Dynamic ‘Shure’ microphone, placed at a constant distance of
15 cm from the participants’ mouth.

Speech tasks used for recording: Two speech tasks namely the
vowel phonation and text-reading were considered. The vowel
phonation task was selected as the software based automatic
analysis relies mostly on sustained vowels and text recording
was opted considering its relevance in terms of onsets, variation
in the fundamental frequency (fO) and pauses. In vowel phonation
task, each participant was instructed to sustain the vowel /a/ at
a comfortable pitch and loudness for at least five seconds. Three
such trials were recorded and the best trial was selected based
on the visual inspection of waveform considering relatively steady
phonation and no unvoiced component. For the analysis of data on
vowel phonation /a/, stable middle 3 second of best three samples
was considered. In text-reading task, the patient was instructed to
read the English version of the Rainbow passage [11]. The second
sentence of the rainbow passage “The rainbow is a division of white
light into many beautiful colours” was considered for the analysis of
text-reading data. This text was selected as it is commonly used in
other studies and hence, makes the findings of the current study
comparable to that of other studies [7,8].

STATISTICAL ANALYSIS

The SPSS software, version 15.0 (SPSS Inc., Chicago, IL) was used
for data analysis. The CPP values of all 10 participants were averaged
to calculate mean and SD with respect to type of voice prosthesis
and task. Shapiro-Wilk test for normality revealed data to be normally
distributed (p>0.05). Therefore, the parametric ‘Paired t-test’ was
used to compare CPP between two types of voice prostheses
across speech tasks. Similarly, paired t-test was used to compare
CPP between two types of speech tasks across voice prosthesis.

RESULTS

The results depicted in [Table/Fig-1] reveals Mean (M) and Standard
Deviation (SD) of cepstral measure CPP for TE speakers’ with Blom-
Singer non-indwelling low pressure and classic indwelling voice
prosthesis across speech tasks. There was no significant difference
between Blom-Singer non-indwelling low pressure voice prosthesis
and classic indwelling voice prosthesis for CPP {t(9)=0.74, p=0.516}
during vowel phonation /a/ task. Similarly, there was no significant
difference for CPP {t(9)=0.72, p=0.947)} between Blom-Singer non-
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indwelling low pressure voice prosthesis and classic indwelling voice
prosthesis during text-reading task.

The results in [Table/Fig-2] reveal mean and SD of CPP for TE
speakers’ during vowel phonation /a/ and text-reading task across
voice prostheses. For Blom-Singer non-indwelling low pressure
voice prosthesis, there was no significant difference for CPP
{t(9)=1.11, p=0.347)} between vowel phonation /a/ and text-reading
task. Similarly, for Blom-Singer classic indwelling voice prosthesis,
there was no significant difference for CPP {t(9)=0.51, p=0.644)}
between speech tasks.

N 95%
indwellin Classic Confi-
Sample 9 indwelling t- dence
Cepstral A low pressure ) . p-
- size - voice value, | interval value*
P (n) thesi prosthesis | (dof) | (Cl)of
P MesD) | (M=SD) the dif-
- ference
Vowel phonation /a/ task
0.74 -1.40,
CPP (dB) 10 10.19+1.74 9.77+0.66 © 204 0.516
Text-reading task
CPP (dB) 10 9.70+0.88 9.68+0.35 O(.g)Z ?817 0.947

[Table/Fig-1]: Mean (M) and standard deviation (SD) of CPP for TE speakers with
Blom-Singer non-indwelling low pressure voice prosthesis and classic indwelling

voice prosthesis across vowel phonation /a/ and text-reading task.
Statistical test administered: Paired t-test; *p>0.05

Confi-
S Vowel Text- t- dence
Cepstral P phonation reading interval p-
size value, "
parameter ") /al task task (dof) (Cl) of value
(M=SD) (M=SD) the dif-
ference
Non indwelling low pressure voice prosthesis
-0.91,
CPP (dB) 10 10.19+1.74 | 9.70+0.88 | 1.11(9) 188 0.347
Classic indwelling voice prosthesis
-0.47,
CPP (dB) 10 9.77+0.66 | 9.68+0.35 | 0.51(9) 0.65 0.644

[Table/Fig-2]: Mean (M) and standard deviation (SD) of CPP for TE speakers dur-
ing vowel phonation /a/ and text-reading task across Blom-Singer non-indwelling

low pressure voice prosthesis and classic indwelling voice prosthesis.
Statistical test administered: Paired t-test; *p>0.05

DISCUSSION

The objective of the study was to compare the CPP between Blom-
Singer non-indwelling low pressure and classic indwelling voice
prosthesis across vowel phonation /a/ and text-reading tasks in
male TE speakers. The cepstral analysis revealed no significant
differences between Blom singer non-indwelling low pressure voice
prosthesis and classic indwelling type across vowel phonation and
text-reading task. This can be attributed to the controlled conditions
of shaft diameter of the voice prosthesis (air entry effect) and its
‘valve type’ (air exit effect) [7,12]. In ‘air entry’ effect, as airflow
increases, resistance of the voice prosthesis also increases. The
shaft diameter of the voice prosthesis {16 French (Fr)} remained
same in all participants. In ‘air exit effect’, as airflow increases,
resistance decreases and valve opens suddenly. In addition to the
‘air entry’ and ‘air exit effect’, both the types of voice prosthesis
consisted of ‘hinged (flapper) valve’ design offering less resistance
to the flow of air.

With the purview of CPP being the robust indicator of perceptual
voice quality [4,13-15], current findings suggest that in spite of the
difference in the design of the selected voice prosthesis (size of
the tracheal and oesophageal flanges; prosthesis tip; silicon grade
used; valve opening pressure), has no influence on the overall voice
quality. In addition, the voice quality differences were not evident
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when TE speakers changed voice prosthesis alternatively from low
pressure to classic indwelling voice prosthesis and vice versa.

In a study with subjects having various organic and functional
dysphonia, text-reading task was recommended, as it outperforms
both perturbation and cepstral based vowel analysis [16]. The
findings of the current study suggest that TE speakers show no
significant differences in voice quality between speech tasks across
prostheses. CPP being the reliable measure of periodicity [3-6],
the lack of difference between speech tasks across prostheses in
the current study can be attributed to the inherent instability of PE
segment [17]. This is also in line with the findings of the previous
study [18] reporting TE speakers to produce only small variations in
fundamental frequency (f0), with difficulty to control their speech.

The mean CPP value of 16 Fr Blom-Singer classic indwelling voice
prosthesis for text-reading task is 9.68+0.35 and it is in consonance
with the previous study [7] where CPP of continuous speech (text-
reading) using indwelling Provox voice prosthesis was 11.45+2.08.
Similarly, another study [4] reported CPP of continuous speech text-
reading as 10.48+1.40. This reflects similar CPP in indwelling voice
prostheses for continuous speech (text-reading) task irrespective of
change in shaft diameter. Thus, it can be speculated that the dynamic
changes in vocal tract configuration in continuous speech task (text-
reading) obscures the effect of shaft diameter on the PE segment
vibration, resulting in similar CPP values.

In vowel phonation task, median CPP value of 21.40 for vowel
/a/ is reported to be highest in TE speakers using Provox voice
prosthesis (Atos Medical, Sweden) [19]. In contrast, mean CPP
value of 9.77+0.66 was observed for Blom-Singer classic indwelling
voice prosthesis in the current study and found to be lowest. This
can be attributed to the amount of airflow passing through the voice
prosthesis of 16 Fr diameter as against >20 Fr in an earlier study
[19]. The 16 Fr shaft relatively restricts the amount of airflow passed
through the voice prosthesis, adding onto the inherent instability
of the PE segment vibration during voicing, resulting in lesser CPP
values. This reflects that the difference in cepstral measure in Blom-
Singer classic indwelling voice prostheses for vowel task primarily
depends on the shaft diameter of the voice prosthesis.

SD of the CPP values of Blom-Singer low pressure and classic
indwelling voice prosthesis for vowel phonation and text-reading
task are lesser than half of the mean indicating lesser variation
from the measured mean. These findings are in consonance with
the previous studies [7,8] where small variation is observed for
SD of CPP of indwelling voice prosthesis using text-reading task.
This can be attributed to the common factors in terms of recording
procedure (Speech tool), type of speech task (text-reading), type of
voice prosthesis (indwelling) and type of valves (flapper valve) used
across the studies. This suggests a consistency in the measured
mean CPP values of selected voice prostheses across selected
speech tasks in the current study.

In the current study, the difference in CPP is not observed between
voice prosthesis of 16 Fr across vowel phonation /a/ and text-
reading tasks. Unlike in laryngeal speakers, the vowel as well as
text-based cepstral analysis provides similar findings of voice quality
in TE speakers using 16 Fr selected voice prostheses. The vowel
phonation task or text-reading task is equally recommended in
objectively evaluating the overall voice quality using CPP. However,
more studies are needed to investigate task specific differences in
laryngectomees using prosthesis of larger diameter.

Further, the influence of the software used to record and analyse CPP
values, and their reliability cannot be overlooked, with its limitations
of not being based on linear regression algorithms. This algorithm
allows the researcher to compare between speech signals without
any artefacts that are caused by differences in recording levels,
instrumentation or loudness of the native voice signals [14,15].
In comparison to earlier findings in TE speakers [7,19], reduced
standard deviation of CPP in the current study reflects the good

Journal of Clinical and Diagnostic Research. 2018 Jun, Vol-12(6): MC05-MC08

Sheela Shekaraiah et al., Cepstral Peak Prominence in Tracheo-oesophageal Speakers

stability of voice production with Blom-Singer low pressure and
classic indwelling voice prosthesis during both the speech tasks.

LIMITATION AND FUTURE DIRECTIONS

In the current study only phonation of /a/ with comfortable loudness
was considered. Hence, to validate the findings, future research is
recommended to consider other vowels. Objective monitoring of vocal
intensity in TE speakers was also not part of the current study. This
however, could offer insights into the influence of intensity on CPP.

Other measures such as perceptual evaluation, maximum vowel
phonation duration, speaking rate, voice onset time and long-term
average spectrum need to be investigated for the comprehensive
understanding of TE speech characteristics associated with different
types of voice prosthesis. Future research could attempt a similar
investigation of cepstral measure using other brands of prosthesis
having different design, diameter and defined valve opening pressure
to identify any task specific differences among TE speakers.

CONCLUSION

The current study is first of its kind to compare the CPP between
Blom-Singer non-indwelling low pressure and classic indwelling
voice prosthesis across speech tasks in male TE speakers.
Findings suggest that the voice quality implied using CPP is not
influenced by type of voice prosthesis in terms of mode of fitting
(non-indwelling versus indwelling), prosthesis design (size of the
tracheal and oesophageal flanges, prosthesis tip and silicon grade
used) and valve opening pressure across speech tasks. Hence,
clinician can suggest either of the prostheses of similar diameter for
laryngectomees opting the TE mode of communication considering
their affordability, where Blom-Singer classic indwelling type is triple
the cost of non-indwelling low pressure type of voice prosthesis.
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