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ABSTRACT 
The purpose of this study was two fold: i) to evaluate the 
voicing feature and ii) to determine the correlation 
between perceptual and acoustic characteristics of French 
voiced and voiceless stop consonants produced by 10 
patients after supracricoïd partial laryngectomy (SCPL). 
In SCPL patients’ speech, voice is produced by a 
neoglottis located at approximately 3 cm above the 
removed vocal folds, thus shortening the vocal-tract 
length. A perceptual evaluation was conducted for the 6 
French stop voiced and voiceless consonants [p, t, k, b, d, 
g], in a syllabic context [CV]. The acoustic analysis of 
spectrograms served to determine what acoustic variables 
were used as cues for voicing distinction. The results are 
for i) perception test: voiced consonants were perceived as 
voiceless consonants (24%), ii) acoustic analysis: the 
absence of voicing murmur, the weakness of the burst and 
the short duration of the consonant seems to be 
responsible for perceived voiceless consonants for our 
patient’s voiced consonants. Consonant articulation 
appears to impose certain constraints on voicing ability in 
SCPL patients. Presumably, this poor voicing ability is the 
direct consequence of the mechanical properties of the 
neoglottis.  
 

1. INTRODUCTION 
Supracricoid partial laryngectomy (SCPL) modifies the 
vibrator as it consists in a complete resection of the two 
vocal folds (VF) and the paraglottic space. The neoglottis 
is formed posteriorly by one or two arytenoid cartilages 
that move forward and inward, and anteriorly by the 
suprahyoid epiglottis and the base of the tongue that move 
backward to get in contact with the arytenoids. 
Reconstruction is achieved by suturing the cricoid 
cartilage to the hyoid bone, shortening  the vocal tract 
about 3 cm. The only intrinsic muscles of the larynx 
preserved are the posterior crico-arytenoid (PCA), the 
lateral crico-arytenoïd (LCA) and the inter-arytenoïd (IA). 
The PCA abducts the neoglottis [1, 2] and participates in 
voicing distinction of consonants and is an antagonist of 
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CA and IA muscles. The new vocal tract can 
heless produce voice [3, 4].  

 
e 1  The top row schematizes, from left to right, the 
ure of the supracricoid partial laryngectomy 
) removing the vocal folds with the thyroid and the 
part of the epiglottis, followed by the pexy. The 
 row sketches the formation of a "neoglottis" for 

g, the view from above at the left and the sagittal 
t right. The letter 'E', 'A', and 'T' denote respectively 
iglottis, arytenoid, and base of the tongue. 

arynx participates in distinguishing the voicing 
e of consonants and vowels. In French, voicing is a 
tive feature. Confusion can occur between 

nants with the greatest number of common features. 
oral perception cues play a predominant role in 
mal situations devoid of significance where 
ion processes are not involved. [5]. 
rceptual identification of stop consonant plus vowel 
les [CV], one commonly sees, in spectrograms, 
l acoustic variables that might be important in the 
ry identification of the stop consonant phones. The 
voicing feature depends on the existence of low 
ncy periodicity during the stop. A short burst of 
at the beginning of the syllable is presumed to be the 
ic counterpart of the articulatory explosion. The 
ncy position of the burst could serve as a cue  for 
uishing among /p/, /t/, /k/. The intensity of the burst 
 strong for voiced stops as the intraoral pressure is 
than for unvoiced stops [7]. Other cues might be 

 such as the VOT, and the length of the consonant, 
 is shorter for voiced stop consonant. Place of 



articulation can be distinguished by the general shape of 
the spectrogram and the slop of the formant frequencies 
transition [7, 8]. Such shifts in the frequencies of the 
vowel formants presumably reflects the articulatory 
movement.  
The aim of this study was to understand how much 
potential do SCPL patients have for producing voicing 
distinction for consonants. Clinical experience has 
demonstrated however that these patients achieve a certain 
degree of independence for verbal communication in their 
social and occupational activities and proves to have a 
certain degree of effectiveness. Our study is the first 
prospective description and analysis of the perceptual and 
acoustic characteristics of voice and speech after SCPL. 
There were two objectives for this study conducted in ten 
SCPL patients. i)  Identify stop consonants [p, t, k, b, d, g] 
in French and conduct perceptual tests for the voicing 
feature of these consonants in syllabic situations. ii) Better 
understand why confusions may occur by examining the 
perceptual and acoustic correlation.  

2. METHOD 
2.1 Speakers and corpus 
Ten patients were recorded 18 months after SCPL. All 
were men, aged 51 - 73 years (mean, 63). The patients 
were asked to read a list of C-V syllables to explore the 
articulatory paradigm with C = [p, t, k, b, d, g] and V = /a/, 
recorded on a DAT recorder (DS 60, Sony, France) using 
a 22000 Hz sampling frequency. Non-sense syllables CV 
were preferred to words to avoid contextual information. 
We chose the vowel /a/ because of its relative frequency in 
the French language.  

2.2 Listening test 
Panels were composed of three expert listeners, two 
women and one man aged 25 to 35 years, who were 
trained speech therapists. The 6 syllables from each 
patient were presented in random order. The listeners 
transcribed their responses using an open-response 
paradigm.  

2.3 Acoustic analysis 
Identification of specific acoustic cues were looked for on 
spectrograms: presence of periodic vibration in low 
frequency for voiced consonant, the duration of the 
consonant, the burst and its intensity, the slope of the first 
3 formant frequencies. 
 

3. RESULTS  

Listeners pooled responses were converted to confusion 
matrices and analysed for voicing features. Voicing 
feature was analysed, to distinguish voiceless / voiced 
consonants. Data in the matrices were analysed by column 
and by row. The columns corresponded to the target 
phonemes the patient wanted to pronounce, the rows 
corresponded to phonetic categories perceived by the 
listeners. The agreement between the three experienced 
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as a voiced consonant. The identification error was 
r for the consonant [g] with 31% confusion with [k]. 
bial consonant [b] was confused with [p] in 31%. 
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9% of the cases. 
oicing feature of voiced consonants was confused 
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e 2 : histogram from the confusion matrices 
ponding to the voicing feature of the stop 
nants [p, t, k, b, d, g].  

oustic cues 
ansition slope, frequency and temporal parameters 
measured. The absence of voicing murmur, the 
ess of the burst,  the rather flat formant frequency 
ion between consonant and vowel onset, and the 
uration of the consonant seem to be responsible for 

ved voiceless consonants for our patient’s voiced 
nants.  

 
e 3 : spectrogram of the syllable [ga] produced by 
 patient N°4. The low frequency voicing murmur, 
rst and the formant transitions are visible although 
s a lot of noise in those voices.  



 
Figure 4 : spectrogram of the syllable [ka] produced by 
SCPL patient N°4. No voicing murmur, the burst and the 
formant transitions between the consonant and the onset of 
the vowel are visible although surrounded by a lot of 
noise. 
 

 
Figure 5 : spectrogram of the syllable [ba] produced by 
SCPL patient N° 2. No voicing was perceived and no 
voicing murmur was seen. 
 

 
Figure 6 : spectrogram of the syllable [pa] produced by 
SCPL patient N° 2. No voicing was perceived and no 
voicing murmur was seen. It looks very much alike the 
[ba] spectrogram, but the acoustic signal of the vowel is 
more “noisy” and irregular after a voiceless stop 
consonant.   

 

4. DISCUSSION 

SCLP raises the larynx by 3 cm and modifies the volume 
of the vocal tract. These changes can produce more or less 
tension on the neolaryngeal vibrator. We have been unable 
to find any data in the literature related to the intelligibility 
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ethodology 
nsidering 6 consonants, we were able to study the 
tion of distinctive voicing. The use of initial 

nants in isolation could also have induced a certain 
 of bias. First, the presence of a silence preceding 
nsonant could influence the results; when CV is 
ded in a continuous stream, it may be easy to 
 voicing in syllable-initial consonant: the adduction 

ed to produce a voiced consonant in an intervocalic 
tvocalic position is different from that required to 

 phonation after à pause. Second, according to 
iez and Bourciez [9], initial consonants are more 
 identified than final consonants. These authors 
d the evolution of words from Latin to French and 
ed that initial consonants have been preserved while 
onsonants have disappeared (for example, the Latin 
s evolved into the French camp (camp): campus [?] 
pu [?] > camp [?]). This observation represents an 
sal.   

icing feature 
waited, the main difficulty observed was in 
ying the voicing feature of consonants. This can be 
ned by the fact that SCPL mainly modifies the 
y of the vibrator. For SCPL voices, errors in 
ising voicing feature mainly concerned voiced 

nants heard as their unvoiced organic homologues 
the same articulation position and the same 
iction mode. The problem is thus limited to non-
g. Indeed, to achieve phonation, the VF have to 
e in a state of relative laxity [10]. The larynx has to 
ered to distend the VF giving them more flexibility. 
ter SCPL, the neolarynx is at least 3 cm above its 
l position. Furthermore, to produce a voiced 
nant, in addition to closing the VF, the pharyngeal 
s have to be widened to increase the volume and the 
 of the vocal tract between the site of constriction 
e VF [11]. It is easier to achieve this widening for 
consonants /b/ where the volume of the cavity is 

 to modulate, than for posterior consonants /g/ where 
lume between the constriction and the source of the 
 is reduced. After SCPL, the shorter vocal tract has 
imited potential for size and volume adaptations; 
ganic confusions of the voicing feature were more 
nt for palatal consonants than for labial or alveolar 
nants. 
adefoged [10], Stevens [12], and Ladegoged and 
ieson [13], voiceless stop consonants in normal 
tion is associated with a state of muscle tension. 
ension may be due to the ascension of the larynx 
 stretches the VC and narrows the pharyngeal 
s. But in SCPL patients, the pexia (sutured cricoid 
ge to hyoid bone with upraising of the larynx by 3 
s already created a state of muscle tension. 

oiceless stops /p/, /t/, /k/, result from the absence of 
ibration. For voiceless consonants, the posterior 
arytenoid muscle, preserved after SCPL, is very 
 and opens the VF [14]. All these anatomic changes 



favour voiceless consonants, especially palatal 
consonants.  

4.3 Acoustic cues 
In spectrograms of stop consonant-vowel syllables, 
several acoustic variables might be important in the 
auditory identification of the stop consonant phones [15]. 
The short burst of noise, found near the beguinning of the 
syllable, and the frequency position of the burst could be 
the acoustic counterpart of the articulatory explosion and 
serve as a cue for distinguishing among [p, t, k]. A second 
possible cue to the perception of the stops lies in the 
formant frequency transition between the consonant and 
the vowel onset. It would reflect the articulatory 
mouvement. In our patients, the poor voicing ability is 
probably the direct consequence of the mechanical 
properties of the neoglottis.  
 

5. CONCLUSIONS 
 
After SCLP, changes in the neolaryngeal vibrator are the 
cause of voicing confusions, voiced consonants basically 
being perceived as their voiceless homologues. Ascension 
of the neolarynx and suture of the hyoid bone to the 
cricoid cartilage would be the cause of a conflict between 
articulation and voicing. The base of the tongue, which 
participates in occluding the neoglottis after SCPL, is 
crucial for voicing. However, correct articulation of 
consonants, respecting the site of constriction, requires a 
certain degree of freedom for tongue movement. The 
patients appeared to favour consonant articulation over 
voicing.  
Analysing intelligibility and the voicing features as a 
phonetic dimension could be useful for managing the 
rehabilitation program for these patients.  
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