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Comparison Between two Surgical Techniques for Increasing
Vocal Pitch by Endoscopic Shortening of the Vocal Folds
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Summary: Objective. To compare two surgical techniques, the Wendler glottoplasty (GP) and its modifica-
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tion, the vocal fold shortening, and retrodisplacement of the anterior commissure (VFSRAC) associated with
laser assisted voice adjustment (LAVA) cordotomy, used to feminize the voice of transgender women by increas-
ing the fundamental frequency (F0).
Methods. A retrospective study of 22 trans-women (20-62 years-old) was carried out. 12 of them were treated
with GP and 10 with the VFSRAC+LAVA technique. They were evaluated before surgery and 6 months after
surgery and the postoperative speech therapy. Laryngostroboscopy examination, F0 measurements, Transgender
Woman Voice Questionnaire (TWVQ) assessment and the perceptual assessment using a visual analog scale (PA-
VAS) were obtained from all patients.
Results. Laryngostroboscopic findings showed normal vocal folds before surgery and a shortening of the vocal
folds, due to the anterior glottic synechia, after surgery. Significant increases of F0 were found in both groups but
they were higher in the VFSRAC+LAVA group (47.75Hz in GP group vs 69.70Hz in VFSRAC+LAVA group).
TWVQ scores showed a significant decrease in both groups although the difference was greater in the VFSRAC
+LAVA group. Similarly, PA-VAS scores lowered significantly in both groups but VFSRAC+LAVA group pre-
sented the biggest decreases.
Conclusion. Both surgical techniques produce the shortening of the vocal folds through an endoscopic
approach and result in voices with higher vocal pitch. Of the two techniques presented, the VFSRAC+LAVA
produces better results although when compared with previous studies it seems that the LAVA technique may
not significantly contribute to the postoperative results. So, the VFSRAC technique followed by postoperative
speech therapy could be recommended for trans-women who wish to feminize their voice.
Key Words: Feminization—Voice recognition—Sex reassignment surgery—Transgender persons—Glottis—
Voice quality.
INTRODUCTION
In 2019 the World Health Organization stopped considering
transsexuality as an illness and recognized it as a condition.1

Transsexuality is the result of a lack of coherence between
the gender identity of the person and their biological sex
from birth. This condition can serve as a predisposing ele-
ment for significant stress, leading in many cases to gender
dysphoria, which involves a high cost both for the individ-
ual and the society.

Nowadays, the prevalence of this condition is increasing in
our society. In Spain, 22.1 in 100,000 inhabitants are esti-
mated to have gender dysphoria: 31.2 for trans-women and
12.9 for trans-men, which makes the ratio of trans-women to
trans-men approximately 2.2:1.2 The ever increasing accep-
tance of transgender individuals by society has led to an
increase in the need to receive treatments that develop
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physical and behavioral characteristics in this population that
match their gender identity. Likewise, the rising cases in this
condition also reflects that it is a relevant issue that must be
addressed. Initial treatment consists of psychological, emo-
tional, and hormonal support, although surgical treatments
may also be required to achieve the expected result.

The morphology of the larynx and the voice are second-
ary sexual characteristics that identify people within a gen-
der. The World Professional Association for Transgender
Health (WPATH) considers them as aspects that need to be
considered within the assistance of the trans-sexual person.3

A deeper pitch of voice, between 80-165 Hz, is identified as
a male voice, and conversely a higher tone, between 145-
275 Hz, is associated with a female voice.4 Hormonal treat-
ment can produce a change in their larynx and a voice in
trans-men without the need of other treatments even though
up to 20% of transsexual men may have problems with their
voice despite hormonal treatment.5 Hormonal treatment
does not change the larynx of transsexual women and, in
our experience, it is easy to find trans-women with a femi-
nine appearance but with a masculine voice. In some cases,
speech therapy achieves the desired tone and voice charac-
teristics, but if this is not enough, trans-women undergo sur-
gical treatment to alter their voice quality.

Voice feminization is a part of the complicated and
exhaustive process of transition for trans-women. It should
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not be considered only as an increase in vocal pitch. Gender
differences in physical, neurophysiological, and acoustic
characteristics of the voice must also be considered3 which
makes vocal therapy (surgical or not) very important. In
general, this process depends on the fundamental frequency
of the voice (F0) (determined by vocal fold length and
mass), the vowel formant frequencies and its relationship
with the vocal resonance (determined by the shape of the
vocal tract), and the phonatory pattern.6 This process of
change can be divided into surgical treatment and non-sur-
gical treatment that would include vocal feminization ther-
apy to modify oral and pharyngeal resonance, as well as
gesture and vocal behavior.

Different surgical techniques have been developed shar-
ing a same purpose, the increase of F0 to obtain a voice that
can be identified as feminine. All techniques are based on
three principles: Shortening, increasing tension and/or
reducing the mass of the vocal folds.7 The two most popular
techniques to date are the cricothyroid approach (CTA)8

and the Wendler glottoplasty (GP) that creates a new ante-
rior commissure.9 Other techniques described are laser
assisted voice adjustment to laser cordotomy,10 an anterior
commissure advancement11 or feminization laryngoplasty.12

Modifications of both techniques, and combinations of
several of them, have been used to keep balanced results
over time.

With this aim in mind, our group has worked on the
development of a new approach that consists of the combi-
nation of two techniques: The modification of the GP called
vocal fold shortening and retrodisplacement of the anterior
commissure (VFSRAC)13 associated with laser assisted
voice adjustment (LAVA) cordotomy. The purpose of this
study is to present the results obtained with this technique
comparing them with the Wendler GP technique.
MATERIALS AND METHODS
A retrospective study of the two surgical treatments was
carried out. This study was approved by the hospital
ethics committee and was in accordance with the 1964
Helsinki declaration and its later amendments or compa-
rable ethical standards. Patients, after conversation with
the surgeon, underwent consecutively the surgical treat-
ment decided taking in mind the surgeon criteria and the
patient opinion, between April 2017 and January 2020.
A total of 22 patients, with an age range between 20-62
years-old (mean=36.6), were included in the study and
divided into two groups, depending on the applied
treatment:

� Group GP: Twelve patients aged between 25-62 years-
old (mean 38.25, SD 12.18) were treated with the Wen-
dler GP technique.

� Group VFSRAC+LAVA: Ten patients aged between
20-47 years-old (mean 34.70, SD 9.45) were treated
with VFSRAC and LAVA techniques as previously
described.14,15
Both groups were operated on by the same surgeon under
general anesthesia. The larynx was exposed with adequate
vision of the anterior commissure, using direct laryngos-
copy.

In group GP, the new anterior commissure was formed by
a de-epithelialization of the upper and lower surfaces and
the free edge of the anterior part of the vocal folds (the vocal
fold is divided into three thirds, and the suture is performed
in the first third (anterior third of the vocal fold), as
described by Wendler9) by using cold instruments followed
by the suture of the anterior part of both folds creating a
V-shape hiatus, with 4-0 vicryl sutures, that could be rein-
forced by fibrin or biological glue.

In group VFSRAC+LAVA, the de-epithelialization of the
anterior third of both vocal folds, the anterior commissure,
and the portion in contact with the sub-glottis at the crico-
thyroid level (approximately 1 cm) was performed, also with
the use of cold instruments. The excision includes the lamina
propria and the submucosal glands extending up to the cri-
cothyroid membrane. The anterior commissure was dis-
placed from its original position by two permanent stitches
(5-0 double-needle prolene suture); the first suture is placed
on the thyro-arytenoid muscle, including the subglottic por-
tion, and the second and posterior suture that lies exclusively
on the vocal muscle, simplifying the surgical technique by
shortening the surgical time. Once the new anterior commis-
sure was made, the upper surface of both vocal folds was
vaporized by using diode laser with a power of 5W or less,
1-2mm from the free edge of the same, extending from the
vocal process towards the anterior commissure, as close as
possible, without damaging it. After surgery and in both
groups, patients had to be in complete vocal rest for the
15 days following surgical treatment to limit the tension of
the vocal folds and prevent dehiscence of the suture.

All patients were evaluated prior to surgery and received
postoperative speech therapy, either in a face-to-face consul-
tation or telematics, with a detailed follow-up at 1, 3 and 6
months after surgery. To be considered for the study,
patients should have received at least 10 speech therapy ses-
sions. At 6 months after surgery, next data were obtained
from patients for present study:

� Laryngostroboscopy (Atmos Endo-Stroboscope L 250
W; continuous light, slow motion of 0.5 up to 2 Hz;
freeze image 0° - 400°; phase shifting; pilot flash for
approximately 10 s; adjustable frequency from 100 to
400 Hz [+/- 10%]).

� Fundamental frequency (F0 [Hz]) obtained with the
software for scientific analysis of speech PRAAT
(http://www.fon.hum.uva.nl/praat/).

� The subjective assessment of the voice was determined
using the “Trans Woman Voice Questionnaire”
(TWVQ) that consists of 30 questions, with 0 as mini-
mum and 120 as maximum score attainable. A high
score on the TWVQ indicates a voice perception not as
feminine as desired with consequences in the quality of
life.16
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� Perceptual assessment using a visual analog scale (PA-
VAS), from 1 to 5, being 1 a very feminine voice, 2 a
somewhat feminine voice, 3 a gender-neutral voice, 4 a
somewhat masculine voice and 5 a very masculine
voice. The patient must read the first fragment of a
famously known narrative Spanish text, «Platero y yo»
by the Spanish Nobel Prize of Literature Juan Ram�on
Jiménez (“Platero is small, hairy, soft...”). This text has
a wide phonetic variability and is frequently used in
otolaryngology practice and speech therapy consulta-
tion for perceptual assessment of the voice. Expert
reviewers, two ENT specialists with more than 15 years
of experience in the field of laryngology and a speech
therapist specialized in feminization of the voice, were
instructed to upload the recordings into the VAS. They
were not blinded to the patient surgery.

Mean and standard deviations of the considered variables
were calculated. The statistical analysis was performed using
ANOVA and the differences were statistically interpreted at
a 5% (*), 1% (**) and 0.1% (***) confidence level.
FIGURE 1. Comparison of both surgical techniques: GT vs VFSRAC
location of the stitches (black arrows) in the anterior third of the vocal
showing the post-operative anterior glottic synechia after both treatmen
VFSRAC+LAVA the vocal folds are shorter and thinner (2B, white arr
tion of the stitches (black X-shaped crosses) in both surgical techniques
while in VFSRAC+LAVA the anterior stitch (black heavy arrow) includ
below it (black asterisk) (2C).
RESULTS
The preoperative laryngostroboscopy presented larynx with
normal male characteristics, without pathology, except for
some cases with interarytenoid pachydermia. The appear-
ance of the vocal folds was normal, with adequate glottic
closure and a symmetrical vibration wave of the vocal folds.
Comparing video laryngeal stroboscopy images obtained
before surgery with postoperative images obtained 3 months
after surgery, an anterior synechia was observed, with a
shortening in the length of the glottic space, although it
seemed more pronounced in the case of the VFSRAC
+LAVA group (Figure 1).

Some complications derived from the surgery were
observed. In the GP group, one case of anterior granuloma
(Figure 2) and one case of dehiscence of the suture, while in
the VFSRAC+LAVA group, there were five cases of anterior
granuloma and three cases of persistence of the suture. How-
ever, these complications were not clinically relevant in the
result of the voice as none of the patients showed symptoms.

The F0 measured after surgical treatment (Figure 3 and
Table 1) increased significantly in both groups, although
+LAVA. (A) Schemes of the glottis seen from above showing the
folds in both techniques; (B) Laryngoscopic images of the glottis
ts: GT leave the vocal fold shorter (1b, white arrows) while after
ows). (C) Schemes of sagittal views of the larynx showing the loca-
: In GT, both stitches include only the thyroarytenoid muscle (1C)
es both the thyroarytenoid muscle and 1cm of the subglottic portion



FIGURE 2. A complication derived from the surgery. Anterior
granuloma (asterisk) observed in the glottis of some patients after
the surgery.
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only in the VFSRAC+LAVA group an increase in F0 above
160Hz was observed in all cases. The GP group showed an
increase of 47.75Hz (CI 31.33-64.16) after surgery (from
129.08Hz to176.83Hz). VFSRAC+LAVA group showed a
higher increase of the F0 after surgery of 69.7Hz (IC 53.02-
86.37) (from 131.90 to 201.6Hz). There was a statistically
significant difference of 21.95Hz greater in the VFSRAC
+LAVA group when compared postsurgical F0 with the GP
group.

The voice perception also changed in both groups
(Figure 3 and Table 1). So, TWVQ score of the GP group
decreased from 83.83 to 54.83 while in VFSRAC+LAVA
group, TWVQ decreased from 94.7 to 35.6. Both are
statistically significant improvements, 29 points in the group
GP compared to 54.83 points in the VFSRAC+LAVA
group (25.83 points between both groups (CI 9.73-41.93,
P < 0.05)).

A significant improvement was also observed in both
treatment groups in the PA-VAS score (Figure 3 and
Table 1). For the GP group, PA-VAS changed from 4.5,
somewhat masculine voice, to 2.67, somewhat female voice
(difference=1.83), while the VFSRAC+LAVA group
showed a decrease from 4.3 points, somewhat masculine
voice, to 1.3, female voice (difference=3). Comparing both
groups, a significant improvement in the PA-VAS score was
observed in the VFSRAC+LAVA group by 1.17 points (CI
0.55-1.79).
DISCUSSION
The surgical treatment of voice feminization consists of the
application of different surgical techniques aimed to
increase the F0. These surgical procedures should attempt to
achieve these fundamental principles: increasing tension,
thinning mass and shortening the length of the vocal folds.
So, after surgery, the vocal folds should be shorter, thinner
and tighter7. For this reason, surgical techniques can be
divided into three categories depending on whether they
modify one, two or three of these fundamental principles
discussed above.17 They can be done using techniques with
external or endoscopic approach.18

Different systematic reviews and meta-analyses have been
carried out on the efficacy of each of these techniques for
voice feminization. Some studies concluded that there is no
scientific evidence of which surgical technique is better for
vocal feminization in transgender women,19,20 while others
concluded that the greatest increase of the F0 was observed
after endoscopic shortening techniques.21

In the present study, two endoscopic surgical techniques
that raise the pitch shortening the vocal folds are compared.
The GP technique consists of the modification of the
"length" factor to increase the vocal pitch by shortening the
length of the vocal folds. First described by Wendler9 it has
had later modifications that have been added.22 Some
authors describe the process over the anterior synechia by
approaching both de-epithelialized areas from the anterior
part of the vocal folds by means of an infiltration of
hydroxyapatite (gel format) in the thyroarytenoid muscle
instead of suturing the epithelium of the vocal folds.23 Other
authors, once the anterior glottic suture has been performed,
induce muscle rest for several weeks by injecting 2.5 IU of
botulinum toxin into both vocal folds.20 With this surgical
technique, a steady over time F0 significant increase at 6
weeks between 44 and 85 Hz (about 9 semitones) was
obtained. Postoperative F0 is maintained in follow-ups of
up to 39, 45 or 48 months.24−27 The anterior synechia
remains stable for at least 4 years after surgery.23 This is the
reason why it is probably the most widely used technique to
increase vocal pitch in this population.

Previous technique was compared with VFSRAC in this
study.13 This technique also consists of the creation of a
glottic anterior synechia but it achieves significant physio-
logical changes, so both “length” and “tension” factors are
modified, resulting on shorter and more tense vocal folds. In
the study by Kim et al.,13 from a cohort of 362 patients (of
whom 313 were transgender women), a mean postoperative
F0 of 187+/-20.8Hz was obtained with an increase of F0

73.6Hz.13

So, in present study, the GP group corresponds to the first
patients performed with the original technique described by
Wendler. As the technique developed and inspired by Kim’s
technique that produced a further increase in the F0 carrying
out glottoplasty by shortening the length of the vocal cord
by retrodisplacing the anterior commissure, and the LAVA
technique, described by Orloff, that affects another aspect
in the production of the F0, which is the lower mass of the
vocal cord obtained after the laser cordotomy, we decided
to combine both techniques.

With the hypothetical objective of augmenting F0 even
more with the LAVA technique,10 that increases vocal pitch
by thinning the vocal folds, the method was combined with
the VFSRAC technique, so that a reduction of the mass and
density of the vocal folds was possible. However, from a
practical-clinical point of view, the use of the LAVA



FIGURE 3. Histograms showing the values of F0, TWVQ and PA-VAS, before and after both GT and VFSRAC+LAVA surgery techni-
ques. Both techniques showed significant differences comparing the means pre- and post-treatment in these variables (*: 0.05 >P > 0.01;
**: 0.01 >P > 0.001; ***: 0.001 > P).
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technique by itself is of limited utility since the mean
increase in F0 is 26Hz. As it is a technique in which the
increase in the F0 is lesser than with other techniques to
achieve a feminine range, its exclusive use without combina-
tion with other techniques may be limited to trans women
who have a voice with a F0 within the considered ambigu-
ous range (F0 between 140-160Hz), since below this range
we assume that the exclusive use of this surgical technique
will provide an insufficient result.

Laryngoscopy images obtained after both surgical techni-
ques are similar: Larynx with shortened vocal folds and
with higher tension are observed, although the VFSRAC
+LAVA group presents thinner vocal folds with less mass
when these images were compared with video laryngeal
stroboscopy images obtained before surgery (Figure 1).

Regarding F0 (Figure 3 and Table 1), a postoperative F0

mean of 176.83Hz was obtained in the GP group, with an
increase of 47.75Hz that coincides with other similar
studies.14,15,24,26,27 The VFSRAC+LAVA group showed a
postoperative F0 mean of 201.6Hz, with an increase of
69.7Hz. In the original VFSRAC technique, the described
F0 increase was 73.6Hz, slightly higher than the obtained
in the present study, when the LAVA procedure was added
to the original. However, this increase of F0 is only of
50.8Hz in patients above 50 years-old, which is something
to consider in the case of proceeding to voice feminization



TABLE 1.
GT and VFSRAC+LAVA pre- and Post-Treatment F0, TWVQ and PA-VAS Data and P-Values of the Statistical Comparisons

(a) GP pre Post D pre vs Post (CI) P Value

F0 129.08 (SD 13.7) 176.83 (SD 20,57) +47.75 (31.33-64.16) < 0.001

TWVQ 83.83 (SD 17.52) 54.83 (SD 19) -29 (11.83-46.17) < 0.001

VAS 4.50 (SD 0.52) 2.67 (SD 0.65) -1.83 (1.27-2.38) < 0.001

(b) VFSRAC+LAVA pre Post D pre vs Post (CI) P Value

F0 131.90 (SD 13.63) 201.60 (SD 21.08) +69.7 (53.02-86.37) < 0.001

TWVQ 94.70 (SD 14.75) 35.6 (SD 6.6) -59.1 (69.84-48.36) < 0.001

VAS 4.30 (SD 0.67) 1.30 (SD 0.48) -3 (3.55-2.45) < 0.001

(c) GP VFSRAC+LAVA D GP vs VFSRAC+LAVA (CI) P Value

F0 pre vs post 47.75 (SD 25.63) 69.70 (SD 16.71) +21.95 (2.24-41.66) 0.0308

TWVQ pre vs post 29 (SD 17.19) 54.83 (SD 19) +25.83 (9.73-41.93) 0.0032

VAS pre vs post 1.83 (SD 0.72) 3 (SD 0.67) +1.17 (0.55-1.79) 0.0009

Means and standard deviations for the GP group (a) and for the VFSRAC+LAVA group (b) showing the difference pre- vs. postsurgery in F0, TWVQ and VAS. c)

F0, TWVQ and PA-VAS pre- and postsurgery in GP and VFSRAC+LAVA groups, comparing the results obtained in both groups.
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in older patients. The VFSRAC technique produces signifi-
cant changes in the larynx, since it modifies the three fun-
damental factors (tension, length, and mass) of the vocal
folds. These changes are achieved by using permanent
suture material and suturing the thyroarytenoid muscle to
the internal perichondrium of the subglottic portion of the
thyroid cartilage. So, the vocal folds are made shorter,
tighter and thinner with a simple surgical procedure. Based
on the present results and when compared with a previous
study by Kim,13,17 it does not seem that the addition of the
LAVA technique to GP provides an extra benefit in the
final result in terms of raising the vocal pitch of our
patients, although further studies would be necessary
before stating such conclusion. It would be interesting to
be able to predict the resulting postoperative F0 based on
the glottic synechia created and the final length of the vocal
folds.28

About the perception that patients have of their own
voice (Figure 3 and Table 1), a significant improvement in
the TWVQ score was observed in both groups, 29 points in
GT group compared with 54.83 points in the VFSRAC
group and a significant difference of 25.83 points between
both groups (CI 9.73-41.93). So, the subjective assessment
of the voice improved significantly in the VFSRAC+LAVA
group. This coincides with other studies29 and goes along
with the improvement in voice self-perception related to
quality of life in the case of Kim’s original technique, mea-
sured by the Voice Handicap Index (VHI): The result was
satisfactory in 82.5%.13

Regarding the perceptual assessment by expert examiners
using a VAS, favorable results have been published in other
studies.4,30 In the present study, an increase and improve-
ment of the perception of voice femininity is obtained in
both groups after surgery (2.67 points in the group GP and
1.3 in the VFSRAC+LAVA group). Comparing both
groups, an improvement in the PA-VAS is observed in the
VFSRAC+LAVA group by 1.17 points, which implies a
change from a somewhat feminine voice to a feminine voice
(CI 0.55-1.79).

In present study, as in most published studies, the results
are short-term. More studies are needed to show long-term
results (over 6 months) that probe the effectiveness of treat-
ment over time. In any case, results in present study are
reproducible in the short term and with statistical signifi-
cance (<0.05).

In conclusion, both GP and VFSRAC procedures consist
of the shortening of the vocal folds by endoscopic approach.
In both cases, postoperative complementary vocal therapy
is used. From the analysis of our results, which are statisti-
cally significant, and are also in accordance with those pub-
lished in other studies with the same characteristics, both
procedures are useful to achieve a more feminine voice, con-
sidering not only the numerical value of the F0, but also the
self-perception by the patient and the perceptual assessment
by expert examiners.

In general, better results were achieved with the
VFSRAC+LAVA technique than with Wendler�s GP.
Also, the LAVA technique associated with VFSRAC does
not provide extra benefit to the final results when compar-
ing our results with those obtained by other authors,13,17

although more studies would be needed to reach that final
conclusion. As in any other surgical procedure, a learning
curve is required with earlier surgeries resulting in tedious
and long to perform. However, the VFSRAC technique is
somewhat more complex to perform since the suture of the
anterior subglottic point will involve greater dexterity and
ability. The use of a double needle suture (which allows
the stitching from the subglottis to the glottis) makes this
surgical technique easier and shortens the surgery time
considerably.
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Present study is a retrospective study of our daily clinical
experience in the past years in which a small sample size in
each experimental group was included following the criteria
of the surgeon and patient desires and concerns. Nonethe-
less, data obtained offered strong evidence with clear and
statistical significant differences in the proposed compari-
sons of the study which conclusions are in agreement with
other related studies. One of the weak points of present
study is that, due to ethical problems, it is difficult to carry
out a randomized or blind study in these patients, since the
considered best available technique should be applied for
each patient. This is a retrospective study, to compare the
initial surgical technique we used with the one we currently
use, being both techniques already described and well
known. After surgery, patients of both experimental groups
received the same quantity and type of speech therapy by
the same speech therapist. The novelty in this study is this
later technique that is the combination of two techniques,
VFSRAC and LAVA, that, although they have been
described, there are no publications in the revised bibliogra-
phy that combined this both techniques.

Future studies, with different designs, prospective, ran-
domized, etc., could support our conclusions and delve into
the possibility of predicting the resulting postoperative F0 as
a function of the length of the glottic anterior synechia and,
therefore, of the length of the vocal folds.
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