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Abstract Subtotal reconstructive laryngectomy (SRL)
can be used to preserve voice in the treatment of selected
laryngeal carcinomas. This study was designed to analyze
both voice and speech results achieved after SRL in 14
male patients, aged from 48 to 73 years. Surgery was per-
formed between 1983 and 1993. Fundamental frequen-
cies, ranges of frequency, intensities, and intensity ranges
were established using an S.1. 80 Philips AAC 600 Audio
Active Comparative Language System. Five prolonged
vowels and six phonetically balanced sentences were
recorded on atape positioned at a distance of 30 cm from
the mouth of each patient during a 3-min recording time.
The recorded material was then evaluated by a panel of
ten trained listeners who were asked to consider the qual-
itative parameters and perceptual characteristics of voice
and speech according to a scorecard modified from one
devised by Voiers and Formigoni. Although a decrease
was determined in Fundamental Frequency and intensity
of the voice when compared to normal values, the quality
and perception of speech were found to be satisfactory.
The verbal message could be understood almost exactly
by means of constant sonority, correct articulation and im-
proved pneumophonic coordination. These values demon-
strate that the new voice achieved after SRL is less sonor-
ous and alows for understandable and socially acceptable
speech.
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Introduction

Subtotal reconstructive laryngectomy (SRL) is a supracri-
coid laryngectomy that has been used for the treatment of
selected laryngeal carcinomas in order to preserve voice.
The procedure, however, cannot be used for advanced (T4)
laryngopharyngeal tumors, cancers invading the cricoid
cartilage or cricothyroid membrane, and/or exceeding 5 mm
in their subglottic extensions. The type 1 SRL involves the
preservation of one or both arytenoids and can be applied
in those cases of supraglottic neoplasms extending to the
glottis, aswell asin glottic cancers when cordectomy is not
feasible. The type 2 SRL involves removal of both ary-
tenoids and is applicable to those cases of intrinsic supra-
glottic or glottic tumors which extend to both arytenoids.

When employing the arytenoid-preserving technique
to restore laryngeal function, the recurrent and superior la-
ryngeal nerves must be preserved. The base of the tongue
is pulled back and downward close to the cricoarytenoid
structure while achieving the cricohyoidopexy. In the sec-
ond type of SRL two pseudoarytenoids are constructed to-
gether with pulling the base of tongue back and down-
ward.

Successful deglutition without aspiration and a physio-
logic respiratory tract can be maintained by logopedic re-
habilitation. The surgical technique and oncologic and
functional results of SRL have been reported previously
[3, 4]. However, there has been no significant objective
report on phonatory results published in the English if
Laccourreye's [5] preliminary report is excluded. This
study was designed to analyze voice and speech results
achieved after SRL.

Materials and methods

The study population included 14 male patients whose ages ranged
from 48 to 73 years (average, 62.4 years). All underwent SRL be-
tween 1983 and 1993 for the treatment of squamous cell carcino-
mas of the endolarynx. Surgery was the only therapeutic procedure
for all patients and no pre- or post-operative irradiation was given.
Patients participating in this study were those who had finished
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Table1l Scorecard used for

evaluating each patient svoice 1 ona pitch Very low S o rs Very high o
and speech Non-variable S Lol Uncontrolled variations
Intensity Very low S0 LLllLls Very high
Non-variable S Lol Lllls Uncontrolled variations
Quiality Normal O [lLlI5 Mostbreathy
Normal O | |ll]5 Mostharsh
Normal O || LlIl5 Mosthoarse
Normal O || |lll5 Mosttense
Diplophony Absent O || LI5S Always present
Whispering Absent O LLILIS5 Always present
Glottal attack Soft S Lol s Hard
Nasality Hyponasality S Lo LLLll5 Hypernasality
Duration Speech duration Normal O | | | || |5 Very long
Rhythm Norma O | | ||| |5 Non-fluent
General _ Intelligibility Non-intelligible 0 | | | | | |5 Normal
considerations Pleasantness Unpleasant Ol LllLIS Normal
Acceptability Not acceptable 0 | | | | | |5 Normal
phoniatric rehabilitation at least 6 months before the present eval-
uation and were followed at least 1 year postoperatively. Addition-  Results

aly, nasogastric feeding tubes and tracheotomy cannulas were
successfully removed by the end of the first postoperative month.
Voice rehabilitation started after the second month, and was given
twice aweek for the first 3 months and once aweek during the fol-
lowing 2 months.

Fundamental frequency (F,), range of frequency (AF), intensity
(Ig), and intensity range (Al) were established using an S.1. 80
Philips AAC 600 Audio Active Comparative Language System. F,
values were determined by registration and analysis of prolonged
vowels in all patients. These voice emissions consisted of a peri-
odic verbal signal and part noise. |, values of the voices were
recorded in a basal condition of phonation, without vocal-attack
mechanisms. |, data were given in dB SPL and then referred to as
dB nHL above the environmental noise in order to compare the
sounds produced to a daily listening condition. Registration was
conducted in a quiet room having an average noise level of 30 dB.

Five prolonged vowels (/al, /¢/, i/, lol, Iul) and six phonetically
balanced sentences were recorded with a tape recorder positioned
at a 30-cm distance from each patient’s mouth. A 3-min recording
time was used for each patient. The recorded material was then
evaluated by a panel of ten trained listeners who were third-year
students from the University of Ferrara School for Speech Ther-
apy. All testing was done in a silent room and at a 1-m distance
from the tape recorder.

Listeners were asked to consider the speech according to a score-
card modified from Voiers and Formigoni [8, 18]. This card isiil-
lustrated in Table 1 and provided a scale for evaluating the main
voice quality features, but also included a final judgement on such
parameters as intelligibility, acceptability and pleasantness. The
term “intelligibility” for the listeners meant the possibility of un-
derstanding the extent and quality of a patient’s speech. “ Accept-
ability” and “pleasantness’ referred to the social impact created by
each patient’ s voice for communication in daily life.

Tenseness, harshness, hoarseness and breathiness were scored
as 0 in the good performers and as 5 in the worst voices. Intelligi-
bility, acceptability and pleasantness were scored as 5 in the best
subjects and O in the worst ones (Table 1). Scores of the param-
eters were summed and averaged for each patient. Results were
then analyzed using linear regression with Pearson’s correlation.

Results are summarized in Table 2. Values for each pa-
rameter are shown horizontally, beginning from the best
to the worst in cumulative percentilesin Table 3. Correla-
tions among the parameters are shown in Table 4. Positive
significant correlations were determined between accept-
ability and intelligibility, acceptability and pleasantness,
and intelligibility and pleasantness. Negative significant
correlations were found between pleasantness and hoarse-
ness, pleasantness and harshness, intelligibility and harsh-
ness, and acceptability and harshness.

Discussion

Several parameters have been used to measure vocal func-
tion. These include fundamental frequency, intensity, jitter,
shimmer, noise-to-harmonic ratios, maximum phonation
time, speech rate (words or numbers per minute or per ex-
piration) [2, 5, 6, 11, 15, 16]. However, few authors have
shown a consensus on even a minimum battery of mea-
sures. As aresult, there is a lack of standardization with
tasks, protocols and measures, as well as absence of com-
prehensive normative data [13]. Most authors now agree
that perceptual scores (acceptability, intelligibility and
pleasantness) and qualitative factors (breathiness, hoarse-
ness, harshness and tenseness) are the most important val-
ues for evaluating voice and speech [1, 8, 9, 11, 13, 14,
18]. For this reason, we used these parameters for evalu-
ating our patients following SRL.

The voice in patients following SRL seems to be pro-
duced by the vibration of the arytenoid(s) and the mucosal
layers of the tongue base and the neoglottis. Movements
of arytenoids can be observed during endoscopy and are
due to the extrinsic muscles of the larynx. Recurrent and
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Table2 Summarized voice and speech results in patients following SRL

Patient Fo(Hz) AF(Hz) 1,(dB) Al (dB) Intelli- Pleasant- Acceptac Breathi- Hoarse- Harsh-  Tense
number gibility ness bility ness ness ness ness

1 105 0 20 5 3.2 0.8 2.8 0.3 24 27 0.0

2 80 30 25 20 3.2 2.0 35 0.5 20 16 0.5

3 110 60 30 20 3.6 0.9 3.0 13 33 17 0.0

4 100 40 30 20 3.9 2.0 3.6 0.7 21 12 0.0

5 120 30 20 10 41 21 3.6 21 21 12 0.3

6 130 50 10 15 41 2.8 3.6 0.8 21 1.0 0.5

7 100 20 20 20 4.2 2.7 41 0.1 17 0.5 0.0

8 120 30 30 20 4.3 21 3.9 0.5 3.0 0.4 04

9 110 20 20 15 4.3 21 4.1 0.0 31 0.3 0.5
10 100 160 30 25 4.3 29 41 16 3.0 0.0 0.0
11 120 100 20 20 44 34 4.4 04 27 0.0 0.0
12 120 30 20 10 44 35 4.2 22 12 0.1 0.6
13 100 40 25 20 4.8 35 4.6 0.7 17 0.2 04
14 110 80 30 23 5.0 4.8 5.0 0.1 0.3 0.0 0.0
Mean 108.9 49.3 236 174 4.13 254 3.89 0.81 219 0.78 0.23
SD 12.7 40.8 6.0 5.6 0.52 1.07 0.59 0.72 0.82 0.82 0.25
Max-min 80-130 0-160 10-30 5-25 3.2-5.0 0.84.8 2850 0022 0333 0027 0006
Table3 Cumulative values for voice and speech qualities in patients after SRL

Cumulative percent (%)
7.1 143 214 286 3b7 429 500 571 643 714 786 87 929 100

F, (Hz) 130 120 120 120 120 110 110 110 105 100 100 100 100 80
AF (Hz) 160 100 80 60 50 40 40 30 30 30 30 20 20 0
lo (dB) 30 30 30 30 30 25 25 20 20 20 20 20 20 10
Al (dB) 25 23 20 20 20 20 20 20 20 15 15 10 10 5
Acceptability 5.0 4.6 4.4 4.2 4.1 4.1 4.1 39 3.6 3.6 3.6 35 30 28
Pleasantness 4.8 35 35 34 29 2.8 2.7 21 21 21 2.0 2.0 09 08
Intelligibility 5.0 4.8 4.4 4.4 4.3 4.3 4.3 4.2 41 41 39 3.6 32 32
Tenseness 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 04 04 0.5 0.5 05 06
Harshness 0.0 0.0 0.0 0.1 0.2 0.3 04 05 10 12 12 16 17 27
Hoarsness 0.3 12 17 1.7 2.0 21 21 21 24 27 3.0 3.0 31 33
Breathiness 0.0 0.1 0.1 0.3 0.4 0.5 05 0.7 0.7 0.8 13 16 21 22
Table4 Correlations among the various parameters studied for voice and speech after SRL
Correlations Breathiness Hoarseness Harshness Tenseness Intelligi- Pleasantness  Accep- lo
(9] bility tability
Fo 0.273 0.058 -0.235 0.182 0.371 0.171 0.085 —-0.448
lo —0.006 0.076 -0.108 -0.411 0.088 —-0.008 0.126
Acceptability -0.161 -0.518 —0.909** 0.075 0.916** 0.934**

Pleasantness -0.032 —0.686** —0.815** 0.083 0.853**

Intelligibility —0.009 -0.412 —0.889** 0.059
Tenseness 0.215 -0.071 -0.146

Harshness -0.027 0.226

Hoarseness 0.026

*P <0.01; ** P <0.001

superior laryngea nerves which innervate the lateral and
posterior cricoarytenoid muscles have to be preserved
during surgery and have arole in residual laryngeal vibra-
tions [17].

We observed that F, and |, did not primarily affect the
quality and perception of voice and speech (Table 4).

Qualitative factors were also found in close relationship
with perceptua characteristics 10. In our cases, the aver-
age F, was determined to be 108.9 Hz, with 57.1% of all
patients having an F, of 110 Hz or more (Tables 2, 3).
The average F, has been reported to vary from 137 to
162 Hz in normal elderly men [12, 15]. Average voicein-
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tensity has been determined to be 23.6 dB nHL in normal
subjects (varying from 10 to 30) and has a 75-90 dB SPL
(ranging from 50 to 120) [1, 11]. Thisdecreasein |, isde-
pendent upon air escape from the anterior part of the
neoglottis, even though the arytenoids close completely.
The lower Fy in SRL patients results from the larger mass
of the vibrating arytenoid(s) and tongue base [1, 7]. How-
ever, values of Fy and |, of patients with SRL are compa-
rable to normal elderly subjects and are adequate for un-
derstandabl e speech.

Averages of breathiness, hoarseness, harshness and
tenseness are shown in Table 2. Breathiness was due to
the free passage of escaping air through the arytenoids.
Turbulance of this escaping air tended to produce hoarse-
ness. Stiffness of vibrating structures caused harshness
and tenseness [1]. As shown in Table 3, nearly all of our
patients had close to normal scores.

In SRL patients, the remaining laryngeal structures
have alarger mass than do normal cords. As aconseguence,
a stronger subglottic pressure is needed for phonation be-
foreaglottal attack. Even though the arytenoids can close
completely, alarge air escape from the anterior part of the
neoglottis causes turbulance over the arytenoids and this
tends to lead to aperiodicity, noise, reduced intensity and
decreased phonatory duration. Noise is the main reason
for the decrease in qualitative characteristics of the voice.
However, SRL patients whose voices were rehabilitated
had satisfactory phonation. Perceptual measurements of
these patients were also found to be successful and simi-
lar to those of the normal elderly subjects [8, 18]. Further,
verbal communication could be understood clearly. Our
findings showed that reeducation resulted in improving
prosodic features, correct articulation and a well-coordi-
nated voice, with conservation of phonetic information
even at alow intensity level of voice. Although a decrease
was seen in Fy and mostly in I, when compared to normal
values, the quality and perception of speech in our pa-
tients were found to be satisfactory. While the new voice
achieved after SRL appears to be less sonorous, socially
acceptable speech is produced that is readily understand-
able for most communication needs.
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