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Functional analysis of post-
cordectomy larynx reconstructed
with vestibular fold flap

Summary

Hilton Ricz1, Rui C. M. Mamede2, Lílian Aguiar-Ricz3

Several reports of techniques for larynx reconstruction after partial
vertical laryngectomy are available in the literature, some of them
using structures of the larynx itself such as the vestibular fold, but few
have emphasized analysis of laryngeal function after reconstruction.
Thus, the objective of the present study was to assess laryngeal function
in patients submitted to total or complete cordectomy (type IV) followed
by reconstruction with vestibular fold flap. Study design: Cohort
transversal. Material and Method: Ten patients, nine males and one
female aged 45 to 75 years (mean age: 64.5 years), with glottis
carcinomas treated by total or complete cordectomy (type IV) and
reconstructed with vestibular fold flap were submitted to
videolaryngostroboscopy for assessment of laryngeal permeability, flap
positioning, laryngeal closure, arytenoid movement, characteristics of
speech sound source (vibrating or frictional) and, when the source
was vibrating, location and structures of the sound source. Voice quality
was evaluated by perceptual acoustic assessment and by objective
computer analysis. The function of lower airway protection during
swallowing was analyzed by endoscopic evaluation of swallowing.
Results: There was no need to maintain tracheostomy during the late
postoperative period since the reconstructed laryngeal lumen remained
pervious. The function of airway protection during swallowing was
preserved in all patients, with full coaptation of laryngeal structures in
30% of the cases and one patient presented immobility of the operated
hemilarynx in midline position. Vibrating sound source was detected
in 90% of the cases and was located in the glottic region in seven
patients. The vestibular fold flap participated in the composition of the
vibrating sound source in all cases. Computerized analysis revealed
the following mean values: fundamental frequency, 177.5 Hz, jitter
1.11% and shimmer 7.04%. Using GRBAS scale we observed normal
voice in one patient and four patients with discrete dysphonia.
Conclusions: Laryngeal reconstruction with vestibular fold flap after
cordectomy was able to maintain laryngeal function, providing normal
voice according to perceptive auditory or acoustic analysis (fundamental
frequency, 205 Hz, jitter 0.13% and shimmer 1.16%), with full coaptation
of laryngeal structures in 30% of the cases, vibrating sound source in
the glottic region in 70% and participation of the flap as a vibrating
structure in 90%, as well as the maintenance of the laryngeal functions
of breathing and airway protection during swallowing.

Key words: partial vertical laryngectomy, cordectomy,
vestibular fold flap, laryngoplasty.
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INTRODUCTION

Partial laryngectomy in all its variations causes deficit
in glottic coaptation, which anatomically can be corrected
by reconstruction of the resected area. To that end, many
techniques are reported in the literature, most of them using
flaps from neighboring areas and some use structures of the
larynx itself, such as the vestibular fold. Réthi1 was the first
one to use displacement of the vestibular fold mucosa,
replacing the space left by the vocal fold resection. He used
to associate one flap of neck region skin to fill in the space
left by the advance of the vestibular fold. In 1971, Sala &
Pivotti2 advocated displacement of the vestibular fold based
on the upper pedicle, whereas Friedman & Toriumi3 reported
it based on the posterior pedicle. After making minor
modifications to the technique described by Sala & Pivotti2,
other authors used and recommended vestibular fold flap4-6.

The present study aimed at assessing laryngeal
functions in patients submitted to cordectomy owing to
squamous cell carcinoma of glottic region whose larynges
were reconstructed with vestibular fold flap.

MATERIAL AND METHOD

We analyzed patients with squamous cell carcinoma
of the glottic region seen at Hospital das Clínicas, Medical
School, Ribeirão Preto, University of Sao Paulo, surgically
treated by laryngofissure and total or complete (type IV)
cordectomy, as classified by the European Laryngological
Society (2000), whose larynges were reconstructed by ves-
tibular fold flap. There were 10 patients, nine were male
and one was female, aged between 45 and 75 years, mean
age of 64.5 years.

All patients were classified by TNM UICC system as
T1a N0 M0 when indicated for surgical management. In order
to select and characterize the sample, we reviewed the
medical charts and laryngeal images recorded and stored, to
collect information about initial lesion and its classification.
The analyzed patients presented minimum 19 and maximum
51 months of postoperative follow-up with mean of 32.3
months.

We excluded from the sample patients that required
resection of part of the opposite vocal fold or the wedge of
thyroid cartilage, arytenoid cartilage or the vestibular fold.
We also excluded patients that required other laryngeal
surgical interventions.

The surgical technique was the same in all cases, and
we performed surgical resection of the affected vocal fold,
with surgical margins. The upper limit of resection was at
the level of the floor of the ventricle, the lower one at
subglottic level, and the lateral limit included the internal
perichondrium of thyroid cartilage.

A monopediculated flap, with upper pedicle, made
with two longitudinal incisions, an anterior and a posterior

one, and displacement of vestibular fold at the level of the
perichondrium up to the aryepiglottic fold, was used for the
reconstruction. The displacement of the flap, constituted as
such, allowed positioning of the vestibular fold at the same
level as the contralateral vocal fold.

Patients were submitted to functional laryngeal
analysis, which comprised videolaryngostroboscopy,
swallowing endoscopic assessment and vocal recording for
auditory perceptual analysis and objective computerized
assessment.

Based on the image recordings, using videolaryngos-
troboscopy with rigid laryngoscope type Hopkins with 70o

angle, we observed parameters that provided data about
laryngeal permeability and sound source. Laryngeal open-
ing during inspiration and absence of stenosis, anterior syn-
echia, granuloma, laryngocele, vocal fold immobility or other
abnormalities were also collected to determine laryngeal
permeability. Permeability was confirmed by absence of late
postoperative tracheostomy and information provided by
the patients.

The position of the flap in relation to the opposite
vocal fold during phonation, glottic closure, arytenoid
movement and type, location and composition of sound
source provided information about phonation. The flap
would be well positioned if it were at the same plane
as the opposite vocal fold; we could have found
difference of level of position in all its extension or
only at the anterior or posterior thirds, which was
considered surgical technique failure. Glottic closure
was not complete if there was any type of chink during
phonation. Arytenoid movement was defined as
symmetrical or asymmetrical.

Sound source was classified as vibrating, or if there
was vibration of structures that participated in glottic closure,
it was considered frictional. If vibrating, its location was
determined as subglottic, glottic, supraglottic or mixed.
Predominant structures in the sound source composition on
each side of the larynx were marked: vestibular fold,
epiglottis, aryepiglottic fold, remaining vocal fold, vestibular
fold flap, arytenoid mucosa or fibrosis.

We also assessed vocal quality using auditory
perceptual analysis and GRBAS scale, and objective
computerized analysis with acoustic measures of fundamen-
tal frequency, jitter and shimmer, using software Dr. Speech
3.0®.

The analysis of lower airway protection function during
swallowing was conducted with endoscopic assessment using
flexible nasolaryngofibroscope and paste, liquid and solid
swallowing. We looked for accumulation of contrast in the
vallecula and piryform sinus, laryngeal penetration,
laryngotracheal aspiration and laryngeal sensitivity affections,
which pointed towards this function. These affections were
characterized considering consistency and volume of
swallowed material.
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RESULTS

We did not detect tumor recurrence in the larynx of
the studied patients. One patient (10%) presented neck
lymphatic metastasis 15 months after treatment of primary
tumor, and was submitted to neck dissection. Fifteen months
after the surgery, when the present study was conducted,
there were no signals of tumor recurrence.

Patients in the present study did not depend on
tracheostomy at late postoperative period to breathe.
Tracheostomy was maintained at early postoperative period
as airflow for a period that ranged from 2 to 15 days, mean
of 6.2 days.

Based on videolaryngostroboscopic images to assess
laryngeal permeability we can notice that nine patients
presented the organ with intact permeability (90%). One
patient presented immobility of operated hemilarynx at
midline position. This affection did not hinder patient’s
breathing, given that he did not report respiratory difficulties
and did not require tracheostomy to conduct everyday
physical activities.

Using videolaryngostroboscopic data, we could ob-
serve that in six patients (60%) the flap was at the same
plane as the opposite vocal fold (Figure 1), in two (20%) it
was higher and in two (20%) only the anterior third was on
the upper plane, classified as not leveled.

Laryngeal closure was considered complete in 30%
of the cases (3 patients) and incomplete in 70% (Figure
2). In seven patients who had incomplete closure the
following abnormalities were present: anterior-posterior
chink in two cases (28.6%), medium-posterior chink in one
case (14.3%), posterior chink in three (42.8%), and hourglass
chink in 14.3%. Arytenoid movement was symmetrical in
90% of the cases. In the case of asymmetry, left arytenoid

was immovable.
We found one patient (10%) with frictional sound

source, that is, there was no vibration in laryngeal
structures and the sound was produced by the friction of
the air current passing through the laryngeal structures.
In nine patients (90%) the sound source was vibrating
and it was localized in the glottic region in seven patients,
and in the supraglottic region in one. One patient
presented mixed sound source, with vibration of glottic
and supraglottic structures.

There was a vibrating predominant structure in each
side of the larynx. On the non-operated side, in two
patients, predominant vibration was noticed in the vesti-
bular fold and in seven, in the remaining vocal fold. On the
operated side, the vibrating structure was the vestibular
fold flap in 9 patients. In Chart 1, we can see the description
of patients including sound source and structures that
comprised it.

Auditorilly-perceived vocal quality was classified
according to GRBAS scale, showing one patient with normal
voice (10%), and four with mild dysphonia (40%). The
remaining 50% showed moderate (30%) or severe (20%)
dysphonia. Results are presented in Chart 2. We should point
out that patient 3 presented abnormal resonance because
he had complete cleft palate. Cleft palate produces
hypernasality, even with total palatine obturating splint. The
results of computed acoustic analysis are distributed in Chart
1, in which we can observe that 2 patients did not undergo
the assessment.

During swallowing, we observed that laryngeal
sensitivity was preserved in all patients; there was no
laryngeal penetration, laryngotracheal aspiration or
accumulation of contrast in the vallecula and piryform
sinuses.

Figure 1. View of the larynx during inspiration. We can observe the
abduction flap at the same level as the opposite vocal fold.

Figure 2. View of the larynx during phonation. We can observe the
flap in contact with the opposite vocal fold.
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DISCUSSION

Cordectomy is a term used to designate vocal fold
resections, both for open and endoscopic approach. In 2000,
the European Laryngological Society proposed a classification
of endoscopic cordectomy by dividing them as: subepithelial
(Type I), subligamentar (Type II), transmuscular (type III),
total or complete (type IV), extended to the contralateral
vocal fold (Type Va), extended to the arytenoid (Type Vb),
extended to the vestibular fold (type Vc), and extended to
the subglottis (type Vd). According to the authors, this
classification could also be applied to open resections.

Endoscopic cordectomy has been widely diffused and
oncological results are similar to those reported with open
surgery 8, with good vocal quality when they are types I
and II 9. However, in wider resections (cordectomies III, IV
and V), severe dysphonia is a predictable result 9. It can be
minimized when using reconstruction that provides vibrating
tissue and allows glottic coaptation, such as what was
conducted in this study. This fact was confirmed by the recent
study by Remacle et al.10, Zeitels et al.11 and Zeitels et al.12,

who were concerned about post-laser therapy dysphonias
and suggested phonosurgical techniques to improve laryngeal
function and vocal quality, similarly to what was proposed
in our study.

In our patients it was not necessary to maintain
tracheostomy in late postoperative period, even in the
patient that developed vocal fold immobility at midline
position. It shows that the proposed technique preserved
the organ as the airflow tract. Depending on the technique
and the surgical reconstruction used, many authors do not
report the same success rate 13-15. It is known that thick
flaps, such as myocutaneous ones, tend to generate small
areas for breathing 16, however, given that the thickness of
the lowered vestibular fold was not affected, we would not
expect airflow blockages.

Brasnu et al.5 observed 18.1% of granulomas and 3.7%
of anterior synechiae in patients submitted to vertical partial
laryngectomy, reconstructed with vestibular fold flaps, which
was not detected in our study, probably because the whole
wound area was closed and also because the analysis was
conducted only in patients in which there was no anterior

Chart 1. Description of sound source and structures that comprise it observed under videolaryngostroboscopy and result of
computerized analysis of patients treated with cordectomy and reconstructed with vestibular fold.

Videolaryngostroboscopy Vocal analysis
Patient Soundsource Vibrating Vibrating Degree of fundamental jitter shimmer

structureoperated structurenon- dysphonia frequency % %
side operated side

1 vibrating flap vestibular fold 1 - - -
2 vibrating flap vocal fold 0 205 hz 0.13 1.16
3 vibrating flap vocal fold 1 208 hz 3.6 23
4 vibrating flap vocal fold 1 - - -
5 vibrating flap vestibular fold 2 112 hz 0.28 4.5
6 vibrating flap vocal fold 2 139 hz 0.6 6.0
7 vibrating flap vocal fold 2 164 hz 0.3 3.2
8 vibrating flap vocal fold 1 152 hz 0.3 4.8
9 frictional absent absent 3 304 hz 1.2 5.3
10 vibrating flap vocal fold 3 136 hz 2.5 8.4

Chart 2. Description of results obtained with auditory perceptual analysis in patients treated with cordectomy and reconstructed
with vestibular fold according to GRBAS scale.

G R B A S
Patient Degree Of Dysphonia Hoarseness Breathiness Asthenia Strain

1 1 1 1 1 0
2 0 0 0 0 0
3 1 1 1 1 0
4 1 1 1 0 0
5 2 2 2 1 0
6 2 2 2 1 0
7 2 2 2 1 0
8 1 1 1 0 0
9 3 3 3 3 1
10 3 3 3 3 1
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commissure resection, an area known for its likelihood of
complications. Vocal fold immobility observed in one of our
patients has probably occurred by fibrosis at the level of the
cricoarytenoid joint, since the margin of the resection of the
tumor reached the vocal process.

In 40% of the cases, we did not reach perfect
positioning of the vestibular fold and the flap was positioned
higher than desired. In 20% of the cases, the flap was entirely
above the opposite vocal fold level and in other 20%, there
was non-leveling at the anterior third. In our opinion, this
technical failure was due to incomplete decrease of the flap
or cicatricial retraction of the surgical bed. The anterior third
of the vestibular fold is the most difficult region to position
it.

Only in three cases there was complete laryngeal
closure, and in two, the flap was at the same level as the
opposite vocal fold, whereas in another case, there was level
discrepancy only at the anterior third. According to Hirano
et al.17, laryngeal closure is complete in hemilaryngectomies,
reconstructed with different techniques. The author referred
that during vibration cycles, there is complete closure only
in 19% of the cases. In a study conducted by Mandell et
al.18, with videolaryngostroboscopy in 42 patients submitted
to vertical partial laryngectomy, with different reconstruction
techniques, they observed that complete glottic closure was
present in only 16.7% of the cases. The authors found pos-
terior chinks in 26.2%, irregular chinks in 23.8%, anterior
chinks in 9.5%, and in 23.8% it was not possible to define
the presence of chinks. In our patients, incomplete closure
was related to the presence of posterior chink in 42.8% of
the cases and medium-posterior chink in 14.3%. A case of
hourglass chink was detected when the flap was positioned
above the level of the vocal fold, forcing it to hyperadduct
only on the medium third of the contralateral vestibular fold,
given that the sound source was at supraglottic level. In one
of the cases of anterior-posterior chink, there was a sound
source at supraglottic level. In one of the cases of anterior-
posterior chink, there was clear bowing of the flap, which
did not allow coaptation of the contralateral vocal fold. The
other case of anterior-posterior chink was observed in an
older patient aged 75 years, probably owing to muscle
hypotony, resulting from presbyphonics.

Arytenoids move symmetrically, except in one single
case in which immobility resulted from the surgical procedure.
Since the immobility was at midline position, it did not affect
laryngeal closure. In this patient, there was posterior chink.

We assessed the vibrating capabilities of the laryngeal
structures and noticed in our sample that only one patient
presented frictional sound source, that is, there was no
vibration of the structures that participate in the glottic
closure. Similar result was achieved by Hashimoto19, upon
studying the sound source in patients submitted to vertical
partial laryngectomy with varied types of reconstruction,
and he observed in 7.1% of the cases that this source was

frictional. The author referred that to create a vibrating sound
source, there should be a balance between laryngeal
configuration and aerodynamic forces. Behlau and Gonçal-
ves20 emphasized that in all its variations, vertical partial
laryngectomy caused deficiency in glottic coaptation, which
could be corrected in the reconstruction but the geometry
of the glottis and the histological architecture of the sound
source were definitely affected. This observation can justify
the presence of frictional sound source in this study.

In our sample, the vibrating sound source was primarily
located in the glottic region (77.8%). A patient presented
supraglottic sound source and another one had mixed sound
source. These data are anatomically related with position of
the flap, because the patient with supraglottic sound source
had the flap positioned superiorly to the level of the opposite
vocal fold, whereas the patient with mixed sound source
had difference of level of the flap in its anterior third,
positioning superiorly to the glottic level. We should bear in
mind that the other patient with flap positioned above the
vocal fold level presented frictional sound source. Therefore,
it is noticed that the position of the flap above the opposite
vocal fold level excluded the vibrating sound source from
the glottic region.

Hashimoto19 referred that the supraglottic region was
the preferred region for the formation of the vibrating sound
source in most cases in which he conducted vertical partial
laryngectomy. Camargo21 justified the presence of vibrating
sound source in the supraglottic region with lack of
reconstruction of the surgical wound in the glottic region,
associated with the presence of loosen tissues in the structures
of the region, which favors its collapse towards the laryngeal
lumen and vibration. Behlau et al.22, studying 69 patients
submitted to vertical partial laryngectomy with sound source
at the supraglottis in 75% of the cases and at the glottis in
17%, concluded that glottic reconstruction should not be
faced as sound source, but as a means to maintain laryngeal
lumen permeability, creating conditions for the supraglottis
to take on the function of sound source. In our patients, we
tried to provide loose tissue in the glottic region by lowering
the vestibular fold, so as to maintain it as a vibrating sound
source. In our opinion, the vibrating sound source at the
glottic level depends on the presence of an intact vocal fold
on the opposite side and a flap that replaces the resected
vocal fold. In this situation, we found a patient with normal
vocal quality for age and gender, and it was nearly impossible
to believe that the patient had only one vocal fold. In
computed vocal analysis, the patient presented fundamen-
tal frequency of 205Hz, jitter of 0.13% and shimmer of 1.16%.

Acoustic findings in our patients showed a tendency
to elevate fundamental frequency, coinciding with the data
by Bertino et al.23, especially when the sound source is
purely glottic. This fact can be explained by vestibular fold
stretching resulting from its lowering, or the suture in a new
position, or the muscle activity of thyroarytenoid muscle
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fibers existing in the vestibular fold. In our patients, acoustic
parameters of jitter and shimmer range respectively from
0.13 to 3.6% and 1.16 to 23%, mean of 1.11 and 7.04%.
Perreti et al.9 found values of jitter with median of 1.43% in
cases of endoscopic cordectomies type I and II and medial
of 2.96% in more extensive cordectomy. Shimmer showed
median of 6.52% in the first group and 8.05% in the other
group. These data reinforced the importance of conducting
reconstruction.

In 1999, Biacabe et al.6, upon studying patients
submitted to vertical partial laryngectomy and
reconstructed with vestibular fold flap, found in a two-year
postoperative group mean fundamental frequency of
157Hz and jitter mean of 3.9%. Our results showed that
only two patients with poor results in vocal quality had
high values of jitter. Another patient with high value had
cleft palate. Excluding this patient, the jitter mean was
0.75%.

Upon analyzing Chart I, we noticed that the patient
without dysphonia had shimmer value within the normal
parameters, whereas patient 10, with anterior-posterior tri-
angular chink, had highly abnormal value. The patient with
cleft palate had very abnormal results. Apart from this patient,
the shimmer mean was 4.76%. In the study by Biacabe et
al.6, the mean was 12%.

The assessment of laryngeal function during
swallowing in patients submitted to vertical partial
laryngectomy is scarce in the literature and normally it is
conducted subjectively 14,15,24. In this study, the function was
investigated through endoscopic assessment of swallowing,
showing that the sphincterial action of the larynx was
preserved, which had already been noticed in the analysis
of phonation.

In view of these results, we could notice that
laryngeal functions were maintained and that the voice
obtained ranged from normal to mild dysphonic when the
flap was positioned appropriately, including a posterior
chink in some cases. In this situation, the flap was part of
the vibrating source, which was placed at glottic level. We
believe that other studies should be conducted to improve
the reconstruction technique, especially concerning
positioning of the flap in the vestibular fold to increase the
number of normal voice patients submitted to partial
laryngectomy by open resection.

CONCLUSION

We concluded that post-cordectomy laryngeal
reconstruction conducted with vestibular fold flap enabled
production of normal voice (fundamental frequency of
205Hz, jitter 0.13%, shimmer 1.16%), providing complete
coaptation in 30% of the cases, vibrating sound source in
the glottic region in 70% and participation of the flap as
vibrating structure in 90% of the cases, in addition to

maintaining the laryngeal functions of breathing and
protecting the airways during swallowing.
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