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ABSTRACT
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Aim
This study was performed to investigate the effectiveness of  two endoscopic techniques for transsexual females. 
Method
Web of  Science, Google Scholar, and PubMed databases were searched for studies suitable for inclusion in this meta-analysis. 
Studies in which Wendler’s glottoplasty or laser-assisted voice adjustment were analysed for the data criteria. Studies which in-
cluded pre-operative and post-operative fundamentals frequency values were selected. Five articles were included in the present 
study (total of  94 cases). As dependent groups were used in these studies, standardized mean differences were obtained using a 
random effect model. Analyses were performed using the meta for package for the R-statistical program.
Results
Standardized mean values before and after operations were very different and post-operative mean values were significantly higher 
than the pre-operative mean values.
Conclusion
Endolaryngeal surgical techniques are valuable for pitch elevation.
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INTRODUCTION

Transsexualism is a complex condition characterized by incon-
sistency between psychological and anatomical gender, and 

may lead to serious stress in the event of  gender dysphoria.1-3 Indi-
viduals can undergo a series of  surgeries and hormone therapy to 
change their gender characteristics.4 The voice is not only a means 
of  communication, but is also important in the psychological per-
ception of  gender, being accepted as a secondary sexual charac-
teristic.5-7

	 The fundamental frequency (F0) is the main parameter 
responsible the perceived gender of  the voice, and is related to the 

length, mass, and stiffness of  the vocal folds.8-10 Adult male and 
female F0 ranges from 80-165 Hz and 145-275 Hz,11 respectively. 
Thus, there is an overlap in the range 145-165 Hz,11-14 in which 
other parameters should be added to determine voice gender; into-
nation is also important tin this regard.15 Unlike transsexual males, 
transsexual females do not achieve satisfactory F0 values with hor-
mone therapy.12,16,17 Therefore, phonosurgery and voice therapy 
are suitable options for these patients.18 The main advantage of  
voice therapy is that it can address parameters other than the F0.19 
However, laughing, crying, coughing, and other situations where 
voluntary control is lost can be unpleasant for patients. Phono-
surgical options include cricothyroid approximation (CTA), laser 
assisted voice adjustment, and Wendler’s glottoplasty.18 CTA was 
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the first of  these methods to be introduced, and has been used to 
achieve the desired feminine voice in many cases. However, it may 
not always able to create a voice that is sufficiently feminine.20-22

	 This study was performed to investigate the effectiveness 
of  two endoscopic techniques for transsexual females.

MATERIALS AND METHODS

This study was approved by the ethical committee of  Cemil Tasci-
oglu City Hospital. Database search in October 2020, the Web of  
Science, Google Scholar, and PubMed databases were searched for 
studies suitable for inclusion in this meta-analysis.

	 The following keywords were searched for: “transgender”, 
“transgendered”, “transgendered person”, “transgendered female”, “transsex-
ual person”, “transsexual female gender dysphoria”, “endoscopic surgery”, 
“Wendler’s glottoplasty”, “Laser-assisted voice adjustment”, “laser reduction 
glottoplasty”, “laser-assisted pitch raising”, “pitch raising surgery” and “fun-
damental frequency”.

Data Analysis

Two independent referees reviewed the articles in accordance with 

the inclusion criteria. A third referee then checked the articles 
nominated for inclusion. Forty-nine studies were identified.
	 Forty studies were related to surgical techniques, but only 
those reporting endoscopic surgery and providing F0 values be-
fore and after surgery were included. Nine articles were identified 
that matched these criteria; three provided the complete data set, 
so we could calculate correlation coefficients and mean values if  
they were missing. One article presented mean values but no cor-
relation coefficients, so these were obtained from the authors by 
e-mail. The entire data set for one article was obtained from the 
authors by e-mail and all relevant calculations were performed. 
Thus, five articles were finally included in the present study (total 
of  94 cases; Table 1. As dependent groups were used in these stud-
ies, standardized mean differences were obtained using a random 
effect model. Analyses were performed using the metafor package 
for the R statistical program (R Development Core Team, Vienna, 
Austria).

RESULTS

Kocak et al23 described cases of  CTA at least 12-months before 
laser reduction glottoplasty, although three patients were not trans-
sexual. Orloff  et al24 included previously operated patients. Yılmaz 
et al25 reported 27 cases, including 21 transsexual patients.

Table 1. Pre-operative and Post-operative Fundamental Frequencies of the Studies

Authors Technique N Pre-operative 
F0 SD Post-operative 

F0 SD Correlation 
Co-efficient

Orloff et al24 Laser-assisted voice adjustment 31 141,94 38,89 167,88 35,69 0,65

Kocak et al23 CTA+laser reduction glottoplasti 6 158,33 12,14 203,50 13,34 0,93

Yılmaz et al25 Wendler’s glottoplasty 27 152 12 195 14 0,42

Casado et al26 Wendler’s glottoplasty 10 137,32 9,81 243,22 18.35 0,71

Paltura et al5 Wendler’s glottoplasty 20 143,64 18,47 229,66 55,05 -0.21

Fo: Fundamental frequency, SD: standard deviation, CTA: cricothyroid approximation

Figure 1. Forest Plot 
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	 As shown by the forest plot in Figure 1, the study per-
formed by Orloff  et al24 had the greatest contribution to the me-
ta-analysis. The general effect range did not include 0 (zero) so 
the general effect was statistically significant. Standardized mean 
values before and after operations were very different and post-op-
erative mean values were significantly higher than the pre-operative 
mean values.

	 Figure 2 shows a forest plot for Wendler’s glottoplasty. 
The general effect range did not include 0 (zero) so the general 
effect was statistically significant. Standardized mean values before 
and after operations were very different and post-operative mean 
values were significantly higher than the pre-operative mean values.

DISCUSSION AND CONCLUSION 

The voice is a major facet of  human identity, particularly with re-
spect to the perception of  gender. Therefore, an appropriate voice 
is of  special importance in transgender individuals to avoid psy-
chosocial problems.4 The production of  a feminine voice requires 
coordination of  respiration, vibration, resonation, and articulation, 
where these aspects are controlled by feedback mechanisms.27 For 
voice feminization, retraining of  phonophysiological mechanisms 
and phonatory patterns is needed.

	 Pitch raising surgical procedures alter vocal fold tension, 
length, and mass.28 Laser-assisted voice adjustment and Wendler’s 
glottoplasty, two commonly used methods, are both performed en-
doscopically.

	 To our knowledge, this is the third meta-analysis of  the 
English literature on pitch raising surgery in male to female trans-
sexuals, after the studies of  Schwarz et al16 and Song et al.18 Similar 
to these previous studies, we were also unable to find any rand-
omized controlled trials, but we did find four prospective stud-
ies.5,23,26 Unlike these studies, we did not include procedures that 

were not performed endoscopically. All of  the studies reported 
significant pitch elevation in their patients.5,23-26

	 Although CTA is accepted as a form of  pitch raising sur-
gery, it is not a true voice feminization surgery because there are no 
morphological or physiological changes; it only causes a persistent 
cricothyroid muscle response.24 In addition, CTA does not change 
the acoustic tube dimensions, which are different between males 
and females; moreover, tension after CTA is high after surgery but 
decreases over time.23,29-31 Mora et al22 compared CTA and glotto-
plasty, and concluded that glottoplasty led to a greater and more 
persistent F0 increase. Kocak et al23 performed laser reduction 
glottoplasty as corrective surgery in cases of  CTA failure.

	 Endolaryngeal procedures affect the vibration length, 
mass, and tension of  the vocal folds. Paltura et al5 reported that 
the vocal fold dimensions after Wendler’s glottoplasty are closely 
related to the postoperative F0 value. They also emphasized that an 
increase in F0 alone was not sufficient for the voice to be perceived 
as female, and that formant frequencies had an influence on voice 
gender perception. Their results showed that F1, F3, and F4 were 
significantly higher after surgery in comparison to the preoperative 
values.5

	 Yılmaz et al26 analyzed voice handicap index (VHI) scores 
and found that patients’ emotional distress as it pertained to the 
voice decreased after surgery; but functional scores increased. They 
suggested that increased functional VHI score could be attributa-
ble to need for increased subglottic pressure required to phonate. 
However, they emphasized that the vocal range was permanently 
decreased, while the phonatory effort required for vocalization was 
increased, such that voice therapy is still needed to ensure that the 
preoperative voice loudness is retained. As surgery can cause prob-
lems in singers and voice professionals, voice therapy may be more 
suitable in such individuals.

Figure 2. Forest Plot for Wendler’s Glottoplasty
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	 The main limitations of  our meta-analysis were the small 
number of  studies included and the heterogeneity of  the analyzed 
data. Two studies included female patients with hormone disorders 
and ambiguous genitalia.23,25 Orloff  et al24 included patients who 
had previously undergone various different surgeries, while Kocak 
et al23 included patients who had CTA. Also, none of  the studies 
used a randomized controlled design, while only Paltura et al5 in-
cluded a control group. Voice therapy was applied in all patients in 
the studies of  Kocak et al23 and Casado et al26 but in none of  those 
in the studies of  Yılmaz et al25 and Paltura et al.5 Due to the paucity 
of  studies, we could not statistically compare the two techniques. 
Also, as the authors used different selfreport instruments, it was 
not possible to analyze quality of  life after treatment.

FUNDING

No financial support has been received at any stage of  sthe study.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of  interest.

REFERENCES 

1. Nolan IT, Morrison SD, Arowojolu O, Crowe CS, Massie JP, 
Adler RK, et al. The role of  voice therapy and phonosurgery in 
transgender vocal feminization. J Craniofacial Surg. 2019; 30: 1368-
1375. doi: 10.1097/SCS000000000005132

2. Dhejne C, Lichtenstein P, Boman M, Johansson ALV, Långström 
N, Landén M, et al. Long term follow up of  transsexual person un-
dergoing sex reassignment surgery: Cohort study in Sweden. PLoS 
One. 2011; 6: e16885. doi: 10.1371/journal.pone.0016885

3. Van Borsel J, Janssens J, De Bodt M. Breathiness as a feminine 
voice characteristic: A perceptual approach. J Voice. 2009; 23: 291-
294. doi: 10.1016/j.jvoice.2007.08.002

4. Kelly V, Hertegard S, Eriksson J, Nygren U, Södersten M. Effects 
of  gender confirming pitch-raising surgery, n transgender women a 
long term follow up study of  acoustic and persistent reported data. 
J Voice. 2019; 33: 781-791. doi: 10.1016/j.jvoice.2018.03.005

5. Paltura C, Yelken K. An examination of  vocal tract following 
Wendler’s glottoplasty. Folia Phoniatr Logop. 2019; 71: 24-28. doi: 
10.1159/000494970

6. Wolfe VI, Ratusnik DL, Smith FH, Northrop G. Intonation 
and fundamental frequency in male-to-female transsexuals. J Speech 
Hear Disord. 1990; 55: 43-50. doi: 10.1044/jshd.5501.43

7. Owen K, Hancock AB. The role of  self- and listener perceptions 
of  femininity in voice therapy. Int J Transgend. 2011; 12: 272-284. 
doi: 10.1080/15532739.2010.550767

8. Hillenbrand JM, Clark MJ. The role of  f  (0) and formant fre-
quencies in distinguishing the voices of  men and women. Atten 
Percept Psychophys. 2009; 71: 1150-1166. doi: 10.3758/APP.71.5.1150

9. Titze IR. Physiologic and acoustic differences between male 
and female voices. J Acoust Soc Am. 1989; 85: 1699-707. doi: 
10.1121/1.397959

10. Wu K, Childers DG. Gender recognition from speech. Part 
I: Coarse analysis. J Acoust Soc Am. 1991; 90: 1828-1840. doi: 
10.1121/1.401663

11. Meister J, Hagen R, Shehata-Dieler W, Kühn H, Kraus F, Klein-
sasser N. Pitch elevation in male-to-female transgender persons-the 
Würzburg approach. J Voice. 2017; 31: 244e7. doi: 10.1016/j.
jvoice.2016.07.018

12. Gelfer MP, Schofield KJ. Comparison of  acoustic and percep-
tual measures of  voice in male-to-female transsexuals perceived as 
female versus those perceived as male. J Voice. 2000; 14: 22-33. doi: 
10.1016/s0892-1997(00)80092-2

13. Gelfer MP, Mikos VA. The relative contributions of  speaking 
fundamental frequency and formant frequencies to gender identi-
fication based on isolated vowels. J Voice. 2005; 19: 544-554. doi: 
10.1016/j.jvoice.2004.10.006

14. Whiteside SP. The identification of  a speaker’s sex from syn-
thesized vowels. Percept Mot Skills. 1998; 87: 595-600. doi: 10.2466/
pms.1998.87.2.595

15. Dacakis G. Long-term maintenance of  fundamental frequency 
increases in male-to-female transsexuals. J Voice. 2000: 14; 549-556. 
doi: 10.1016/s0892-1997(00)80010-7

16. Schwarz K, Vaitses AM, Schneider MA, Soll BMB, da Silva 
DC, Spritzer PM, et al. Laryngeal surgical treatment in transgender 
women: A systematic review and meta-analysis. Laryngoscope. 2017; 
127: 2596-2603. doi: 10.1002/lary.26692

17. Cosyns M, Borsel J, Wierckx K, Dedecker D, de Peer FV, Dael-
man T, et al. Voice in female to male transsexual persons after long 
term androgen therapy. Laryngoscope. 2014; 124; 1409-1414. doi: 
10.1002/lary.24480

18. Song TE, Jiang N. Transgender phonosurgery systematic re-
view and meta-analysis. Otolaryngol Head and Neck Surg. 2017; 156: 
803-808. doi: 10.1177/0194599817697050

19. Daviers S, Goldber JM. Clinical aspects of  transgender speech 
feminization and masculinization. Int J transgenderism. 2006; 9: 167-
196. doi: 10.1300/J485v09n03_08

20. Mastronikos NS, Remacle M, Biagini M, Kiagiadaki D, Lawson 
G. Wendler glottoplasty: An effective pitch raising surgery in male-
to-female transsexuals. J Voice. 2013; 27: 516-522. doi: 10.1016/j.
jvoice.2013.04.004

21. Neumann K, Welzel C. The importance of  the voice in male-
to-female transsexualism. J Voice. 2004; 18: 153-167. doi: 10.1016/
S0892-1997(03)00084-5

11 Systematic Review | Volume 7 | Number 1|


http://dx.doi.org/10.17140/OTLOJ-7-164
http://doi.org/10.1097/SCS000000000005132
http://doi.org/10.1371/journal.pone.0016885
http://doi.org/10.1016/j.jvoice.2007.08.002
http://doi.org/0.1016/j.jvoice.2018.03.005
http://doi.org/10.1159/000494970
http://doi.org/10.1044/jshd.5501.43
http://doi.org/10.1080/15532739.2010.550767
http://doi.org/10.3758/APP.71.5.1150
http://doi.org/10.1121/1.397959
http://doi.org/10.1121/1.401663
http://doi.org/10.1016/j.jvoice.2016.07.018
http://doi.org/10.1016/j.jvoice.2016.07.018
http://doi.org/10.1016/s0892-1997(00)80092-2
http://doi.org/10.1016/j.jvoice.2004.10.006
http://doi.org/10.2466/pms.1998.87.2.595
http://doi.org/10.2466/pms.1998.87.2.595
hhttp://doi.org/10.1016/s0892-1997(00)80010-7
http://doi.org/10.1002/lary.26692
http://doi.org/10.1002/lary.24480
http://doi.org/10.1177/0194599817697050 
http://doi.org/10.1300/J485v09n03_08
http://doi.org/10.1016/j.jvoice.2013.04.004
http://doi.org/10.1016/j.jvoice.2013.04.004
http://doi.org/10.1016/S0892-1997(03)00084-5
http://doi.org/10.1016/S0892-1997(03)00084-5


Otolaryngol Open J. 2021; 7(1): 8-12. doi: 10.17140/OTLOJ-7-164

Saltürk Z et al

PUBLISHERS

22. Mora E, Cobeta I, Ecerra A, Lucio MJ. Comparison of  crico-
thyroid approximation and glottoplasty for surgical voice feminiza-
tion in male-to-female transsexuals. Laryngoscope. 2018; 128: 2101-
2109. doi: 10.1002/lary.27172

23. Koçak I, Akpınar ME, Çakır ZA, Doğan M, Bengisu S, Celiko-
yar MM. Laser reduction glottoplasty for managing andronophonia 
after failed cricothyroid approximation surgery. J Voice. 2010; 24: 
758-764. doi: 10.1016/j.jvoice.2009.06.004

24. Orloff  LA, Mann AP, Damrose JP, Goldman SN. Laser assisted 
voice adjustment (LAVA) in transsexuals. Laryngoscope. 2006; 116: 
655-660. doi: 10.1097/01.mlg.0000205198.65797.59

25. Yılmaz T, Kuscu O, Sozen T, Süslü AE. Anterior glottic web 
fotmation for voice feminization: Experience of  27 patients. J 
Voice. 2017; 31: 757-762. doi: 10.1016/j.jvoice.2017.03.006

26. Casado JC, O’Connor C, Angulo MS, Adrián JA. Glotoplas-
tia de Wendler y tratamiento logopédico en lafeminización de la 
voz en transexuales: Resultados dela valoración pre- vs. poscirugía 
[In: Spanish]. Acta Otolaryngologica Espanola. 2016; 67(2): 83-92. doi: 

10.1016/j.otorri.2015.02.003

27. Schmidt RF, Thews G. Humöan Physiology. Berlin Germany: 
Springer; 1983. 

28. Kim H-T. A new conceptual approach for voice feminization: 
12 years of  experience. Laryngoscope. 2017; 127: 1102-1108. doi: 
10.1002/lary.26127

29. Wagner I, Fugain C, Monneron-Girard L, Cordier B, Chabolle 
F. Pitch-raising surgery in fourteen male-to-female transsexu-
als. Laryngoscope. 2003; 113: 1157-1165. doi: 10.1097/00005537-
200307000-00011

30. Gross M. Pitch-raising surgery in male-to-female transsexuals. J 
Voice. 1999; 13: 246-250. doi: 10.1016/s0892-1997(99)80028-9

31. Kanagalingam J, Georgalas C, Wood GR, Ahluwalia S, Sandhu 
G, Cheesman AD. Cricothyroid approximation and subluxation in 
21 male-to-female transsexuals. Laryngoscope. 2005; 115: 611-618. 
doi: 10.1097/01.mlg.0000161357.12826.33

Submit your article to this journal | https://openventio.org/submit-manuscript/

Systematic Review | Volume 7 | Number 1| 12


http://dx.doi.org/10.17140/OTLOJ-7-164
http://doi.org/10.1002/lary.27172
http://doi.org/10.1016/j.jvoice.2009.06.004
http://doi.org/10.1097/01.mlg.0000205198.65797.59
http://doi.org/10.1016/j.jvoice.2017.03.006
http://doi.org/10.1016/j.otorri.2015.02.003
http://doi.org/10.1002/lary.26127
http://doi.org/10.1097/00005537-200307000-00011
http://doi.org/10.1097/00005537-200307000-00011
http://doi.org/10.1016/s0892-1997(99)80028-9
http://doi.org/10.1097/01.mlg.0000161357.12826.33

	ABSTRACT

