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Abstract

Background We systematically reviewed the literature and performed a meta-analysis on the effects of speech ther-
apy and phonosurgery, for transgender women, in relation to the fundamental frequency gain of the voice, regard-
ing the type of vocal sample collected, and we compared the effectiveness of the treatments. In addition, the study
design, year, country, types of techniques used, total therapy time, and vocal assessment protocols were analyzed.

Methods We searched the PubMed, Lilacs, and SciELO databases for observational studies and clinical trials, pub-
lished in English, Portuguese, or Spanish, between January 2010 and January 2023. The selection of studies was car-
ried out according to Prisma 2020. The quality of selected studies was assessed using the Newcastle—Ottawa scale.

Results Of 493 studies, 31 were deemed potentially eligible and retrieved for full-text review and 16 were included
in the systematic review and meta-analysis. Six studies performed speech therapy and ten studies phonosurgery.
The speech therapy time did not influence the post-treatment gain in voice fundamental frequency (p=0.6254). The
type of sample collected significantly influenced the post-treatment voice frequency gain (p <0.01). When the vocal
sample was collected through vowel (p <0.01) and reading (p <0.01), the gain was significantly more heterogene-
ous between the different types of treatment. Phonosurgery is significantly more effective in terms of fundamental
frequency gain compared to speech therapy alone, regardless of the type of sample collected (p <0.01). The aver-
age gain of fundamental frequency after speech therapy, in the /a/ vowel sample, was 27 Hz, 39.05 Hz in reading,
and 25.42 Hz in spontaneous speech. In phonosurgery, there was a gain of 71.68 Hz for the vowel /a/, 41.07 Hz

in reading, and 39.09 Hz in spontaneous speech. The study with the highest gain (110 Hz) collected vowels,

and the study with the lowest gain (15 Hz), spontaneous speech. The major of the included studies received a score
between 4 and 8 on the Newcastle-Ottawa Scale.

Conclusion The type of vocal sample collected influences the gain result of the fundamental frequency after treat-
ment. Speech therapy and phonosurgery increased the fundamental frequency and improved female voice percep-
tion and vocal satisfaction. However, phonosurgery yielded a greater fundamental frequency gain in the different

L samples collected. The study protocol was registered at Prospero (CRD42017078446).
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Background

The voice is an important marker of gender identity;
thus, many transgender women (TW) seek the speech
therapy clinic for vocal improvement. Studies show that
pitch is one of the main markers of gender in the voice
of TW and that TW whose voices present a higher fun-
damental frequency (f,) are perceived as more feminine
[1, 2]. Emerging evidence indicates that to be perceived
as female, the voice f needs to be at least between 145
and 165 Hz, called the “ambiguous pitch range” Other
aspects of human communication, both verbal and non-
verbal, are important in the process of transition to a new
gender identity [3].

Changes in vocal resonance can contribute to the per-
ception of a female voice in TW because, in cis women,
the frequencies of formants (F,,) are on average 20% higher
than in men [4]. This fact is due to the result of anatomical
differences (smaller resonance cavities in women) as well
as behavioral differences in phonation (more retracted
lips, in the form of a smile, and a more anterior tongue
position). The importance of vocal resonance characteris-
tics for gender identification is still not entirely clear.

Hormone therapy rarely results in the development
of female vocal characteristics due to the irrevers-
ible changes in the laryngeal structure that occur during
puberty. Thus, the treatment options for vocal feminiza-
tion in TW are surgery and speech therapy—voice femi-
nization therapy (VFT), alone or combined [3]. However,
there is currently no standardized treatment protocol for
vocal feminization.

Among several surgical procedures available for
altering f,, those most cited in the literature are open
techniques such as the cricothyroid approach and the
modified laryngoplasty technique known as feminiza-
tion laryngoplasty [5], which alter the laryngeal struc-
ture, and endoscopic approaches that focus on the
vocal folds, such as Wendler glottoplasty and CO,laser
techniques [3, 6]. These techniques are advised because
the production of a female voice with a biologically
male vocal organ carries a potential risk for vocal
fatigue or trauma to the vocal folds, which would result
in a perceptibly tense voice. Open surgical methods are
based on three fundamentals: increasing tension, con-
sistency, and decreasing the mass of the vocal folds [7].
However, surgery is not always sufficient to generate
a female voice, and these procedures are not without
complications [8]. One study found that phonosur-
gery carried significant risks of complications, such as
reduced mean phonation time (61%), pitch instability

(1.9%), decreased loudness (1.7 to 6%), vocal fatigue
(6%), hoarseness (3%), and dysphonia (1.7%) [9].

Vocal complaints are common in the transgender,
nonbinary, and gender-nonconforming (TNG) popula-
tion [10]. For many TW, VFT is essential for the voice
to be perceived as feminine. The focus of speech ther-
apy is usually increasing f;; however, the satisfaction of
individuals with their voices is not necessarily related
to pitch. Other characteristics, such as intonation pat-
tern, articulation, resonance, loudness, F, patterns,
tongue placement in the oral cavity, airflow, pragmat-
ics, and the way of speaking, are mentioned as impor-
tant gender markers and are prescribed in VFT [3, 4].

When VFT is performed without the assistance of a
specialized practitioner, the attempt to raise the pitch
in a vocal apparatus with male anatomy can cause mild
to moderate dysphonia or vocal tension. In addition,
other aspects, such as vocal health, breathing exer-
cises, and relaxation must be addressed, because TW is
exposed to the same vocal risk behaviors of cisgender
people, such as incorrect vocal use [3].

The benefits of VFT before and after surgery com-
bined with the Wendler glottoplasty technique were
reported in a study with 10 TW. All experienced sig-
nificantly increased f,(mean increase 106 Hz), as well as
significant improvements in the degree of voice femi-
nization and self-reported satisfaction [11]. However,
few studies describe the types of techniques used, their
frequency and timing, the effects of these techniques
on the f,, and voice quality outcomes, as well as which
vocal techniques are most effective alone or in conjunc-
tion with vocal surgery.

Researchers report that VFT and behavioral changes
are of great relevance in the TW voice transition pro-
cess and that surgery can be indicated as an additional
[3]. In addition, they suggest the need for rigorous
studies to investigate the most effective methods for the
vocal treatment of this population.

In a meta-analysis [9], concluded that both VFT and
phonosurgery are efficient, depending on the individual
need to increase f,, cost, and complications of the pro-
cedures. The authors did not analyze the types of vocal
samples collected. Another study [12] report that the
evidence for the effectiveness of VFT is still limited and
that there is a lack of rigorous research to determine
best-practice guidelines.

Authors [13] cited seven studies, before 2020, that pro-
vide empirical evidence of the effectiveness of voice train-
ing for TW, although still weak. Overall, voice training
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methods were similar but effective in increasing mean f;,
f, range, vocal satisfaction, self-perception and listener
perception of vocal femininity, voice-related quality of
life, and social and professional participation. However,
there is a lack of randomized controlled trials, small sam-
ple sizes, inadequate long-term follow-up, lack of control
groups, and control of confounding variables. In addi-
tion, the last edition of the Standards of Care [13] recom-
mends that health professionals who intend to work with
transgender and gender-diverse people receive education
to develop skills in supporting vocal functioning, com-
munication, and well-being of this population; develop
appropriate intervention plans for individuals dissatisfied
with their voice and communication; and provide pre-
and/or post-operative support.

Current studies [14, 15] provide more robust evidence
of the effectiveness of speech therapy, despite the femi-
nization of the voice for TW remains a challenge for pro-
fessionals due to the lack of standardization of protocols,
evaluation measurement, and effectiveness of the vocal
techniques used. In a retrospective study [14] of 16 cases
on the effects of a voice and communication modification
program for TW, the results indicated that individuals
showed a significant improvement in subjective results,
even with small changes in acoustic measurements and
vice versa. Another study [15] provided evidence that
gender-affirming voice training for TW clients can be
effective, both in the intensive and traditional form, in
relation to acoustic measurements and vocal satisfaction;
however, the training was not sufficient for all partici-
pants to reach their goal to develop a consistent feminine
voice. Results from other research [16] agree with previ-
ous studies with continued targeting of f, and vocal tract
resonance in voice and communication feminization/
masculinization training programs, and provide prelimi-
nary evidence for more emphasis on vocal intensity and
speech rate and for the importance of non-verbal com-
munication targets in voice training programs and gen-
der-affirming communication [17]. In addition, there are
reports of the increase and effectiveness of online and/or
hybrid care [18, 19].

Within this context, the underlying research questions
of this systematic review were as follows: “What are the
methods used in VFT for TW? What are the effects of
VFET on the voice? What is the most effective approach
(VET or phonosurgery) concerning f; gain and type of
sample voice?” Does the VFT time influence the f, gain?

Materials and methods

The ethical approval statement

This paper is part of the project “A Voz na Disforia de
Género’, approved by the ethics committee of Hospital
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de Clinicas de Porto Alegre, Brazil, under number:
04075/2014. The study protocol was registered at PROS-
PERO (CRD42017078446).

Search strategy and study selection
In January 2023, two independent raters (KS and APVB)
carried out a search of the PubMed, Lilacs, and SciELO
databases for articles on the topic. The search strategy
consisted of a combination of Medical Subject Headings
(MeSH) descriptors and relevant keywords. The key-
words used for the search were as follows: ((Transgender
Persons) or (Health Services for Transgender Persons)
or (Transsexualism) or (Gender Identity)) and ((Voice
Training) or (Voice) or (Voice Quality)). The searches
were adjusted to meet the requirements of each elec-
tronic database. The following filters used: studies pub-
lished in the last 13 years (2010.01.01 to 2023.01.01).
According to PRISMA guidelines (2020) (Fig. 1), the
selection of articles followed pre-established inclusion
and exclusion criteria and a defined PICO question. Arti-
cles with the following characteristics were included as
follows: design, observational studies (case—control and
cohort) and clinical trials; participants (P), TW; interven-
tion (I), VFT; control group (C), phonosurgery (VFTC)
or no intervention; and outcome (O), f, and type of the
sample voice.

Data extraction and quality control assessment

The inclusion criterion was articles in Portuguese, Eng-
lish, or Spanish, from the last 13 years, and, according to
the PICO questions, having the theme VFT or VFTC, in
TW, which contained the result of the f, gain after the
treatments and described the f, collection method.

The study exclusion criteria were as follows: (1) when
individuals in the treatment groups did not undergo
speech therapy, only surgery; (2) when not all individuals
in the study group or control group underwent VFT; (3)
when the study did not describe the gain of the f, of the
voice post-treatment or when it did not mention the type
of vocal sample collected; and (4) when the study sample
was not composed only of TW.

The selection of studies consisted of four stages, with
the following hierarchy of eligibility: (1) We removed
the reviews and books, (2) duplicates were removed, (3)
screening of articles according to the PICO question by
reading the title and abstract, and (4) full-text reading by
two study researchers (KS) and (APVB) and application
of exclusion criteria. The flowchart in Fig. 1, according to
PRISMA (2020) guidelines, shows the selection of study
articles.

A descriptive analysis of the selected articles began with
the application of a protocol prepared by the researchers,
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[ Identification of studies via databases and registers ]
= Records identified from: Records removed before
L screening:
§ Databases:493
= —»| 1.Article type (n=55 reviews).
c PubMed = 454 2. Free Books and documents
T Lilacs = 28 (n=1).
Scielo = 11 3. Duplicate records removed
(n =10).
A 4
Records screened Records excluded
—>
(n =427) (n =396)
A4
) Reports excluded (n=15)
Reports sought for retrieval (read
= full text) —> 1. Not all individuals
£ (n=231) underwent speech
] therapy (n=1)
5 2. The individuals did not
»n undergo speech therapy,
- only surgery (n=3).
aeg%t)s assessed for eligibility - | 3. When the study did not
describe the gain in
fundamental frequency
post-treatment or when it
did not mention the type
of vocal sample collected
(n=10).
v 4. The study sample was

Studies included in review and
meta-analysis
(n=16)

Fig. 1 Flow diagram of study selection

designed to collect the following data: authors, year of
publication, country, study design, sample size and age,
type of procedure, VFT methods, time-course vari-
ables of therapy, evaluations performed, results, means
of measuring f,, pre- and post-f, data, and final £ gain,
according to the type of the sample collected.

The methodological quality of the studies was
assessed by three previously trained, independent
reviewers using the Newcastle-Ottawa Scale (NOS)
(KS, APVB, BG). The methodological quality score of
the cohort and case—control studies was calculated in
three components: selection of the groups (0—4 points),
quality of adjustment for confounders (0-2 points), and
evaluation of exposure after the outcome (0-3 points).
The maximum score is 9 points, which represents high
methodological quality.

not composed only of
transgender women.
(n=1).

Statistical analysis

The mean difference of f, gain, with a 95% confidence
interval (CI), was estimated using a random effects
model. We assessed heterogeneity between studies with
IP>50% suggesting moderate heterogeneity and p<0.10
on Cochran’s Q test indicating significant heterogeneity
[20]. The following variables of interest were included
in the meta-analysis: to compare the f gain, in relation
to the type of vocal sample collected (vowel, reading, or
spontaneous speech), as well as the effectiveness between
treatments, subgroup analysis was used. To evaluate
the influence of treatment time (in sessions) concern-
ing voice f, gain, meta-regression analysis was used. A
p value of less than 0.05 was considered statistically sig-
nificant. Statistical analyses were performed using R ver-
sion 4.2.0 (http://www.r-project.org). The meta package
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(version 5.2-0) for doing meta-analysis was used within
the R environment.

Results

Qualitative data synthesis

Characterization of the studies

Table 1 shows the year of publication of the studies
included in the review and meta-analysis varied between
2012 and 2022, with a predominance of the year 2021,
there is an exponential growth graph in recent years.
Regarding the country of origin of the studies, the United
States of America (USA) was the author who published
the most on the subject.

Of the 16 studies included (Table 1) in the systematic
review, six studies performed VFT [14, 15, 21-24] in the
study group; among these, two carried out case—control
studies, but the control group was without intervention.
Others carried out cohort studies, retrospective and pro-
spective, with and without a control group. The authors
[15] compared two intervention groups with VFT (tradi-
tional and intensive) and investigated [24] the difference
between VFT and phonosurgery (see Additional file 1).

As for phonosurgery, five studies were retrospec-
tive [25, 26, 30, 32] or prospective [31] cohorts and the
other five were case-control [5, 11, 27-29] studies with
a comparison of treatment results with different surgical
techniques, with or without speech therapy, to groups of
different ages (see Additional file 2).

Total therapy time

The total therapy time (Table 1) consisted of 5 to 84 ses-
sions, one to three times a week, with an average dura-
tion of 1 h. Five studies [5, 26, 28—-30] did not report the
duration of therapy. In a study, patients received an aver-
age of 15 one-hour VFT sessions, twice a week; vocal
changes persisted partially for 15 months after the end
of therapy [23]. Another performed Wendler glottoplasty
plus 24 post-surgery VFT sessions and reported a f,gain
of 106 Hz [25]. One study used intensive therapy (three
45-min sessions per week over 4 weeks) [15].

Speech therapy

Regarding VFT exercises, studies have recommended
guidelines on phonotraumatic behaviors and vocal
hygiene, relaxation techniques, and respiration training
[21, 25]; Stemple Vocal Function Exercises [22, 23], with a
focus on pitch, quality, intonation, and pitch range; laryn-
geal relaxation, cricothyroid dominant production exer-
cises, resonance modification exercises, and exercises
to form female F,, [26]. Some studies performed speech
therapy only before surgery [30], and some did not men-
tion the details of the techniques employed [27, 31, 32].
Information about the duration of speech therapy, as
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well as the techniques used and programs used for the
collection of f data, were lacking from many phonosur-
gery studies. Current studies recommend that speech
therapy be focused on oral and nasal resonance, female
speech patterns, improved voice efficiency, and body lan-
guage [24]. In addition, the authors recommend exercises
to maximize respiratory support with diaphragmatic
breathing; head, neck, and torso stretch; vocal warm-
up/semi-occluded vocal tract exercises; vocal function
exercises; and resonant voice exercises, regular practice
at home, and structured transfer tasks outside the clinic
to facilitate generalization [15] and intonation strategies
[14] (Table 1).

Vocal assessment

As for vocal assessment, some studies performed an
acoustic voice analysis through a collection of the f,
and administration of self-assessment questionnaires,
with a predominance of the Transgender Woman Voice
Questionnaire (TWVQ) [14, 24, 31, 32] and perceptual
auditory analysis of voice using the GRBAS scale. The
acoustic analysis programs differed between studies,
with the multi-dimensional voice program by Kay Pentax
being the most popular (Table 1).

Meta-analysis results

Gain of f, post-treatment and the type of vocal sample
collected

There is a difference between the gain of £, and the type
of vocal sample collected (Fig. 2).

Figures 3, 4, and 5 show the greatest gain obtained in
f, post-treatment refers to phonosurgery, that is, pho-
nosurgery is the most effective treatment, independent
of the collected sample (p<0.01). As for the gain of £,
one study about anterior glottic web formation assisted
by temporary injection augmentation [30] obtained the
highest gain (110 Hz) and another [11] reported greater
gain when speech therapy was combined with surgery
(107 Hz) than with surgery alone (76 Hz) (see Additional
file 2 and Fig. 2).

Among the studies that performed phonosurgery (see
Additional file 2), all reported a significant increase in
post-treatment f, (p <0.05), regardless of the type of vocal
sample collected. The study [30] which as noted above
obtained the highest gain (110 Hz), collected vowels, and
the study with the lowest gain in £ 24 Hz in the control
group), used spontaneous speech [31] (Fig. 2).

The main effects on the voice were increased f; and
vocal satisfaction of the patient, improved quality of life,
significant improvement of auditory-perceptual assess-
ment, higher TMF, better self-perception of vocal qual-
ity, listener perception as a more feminine voice, and
improvement of resonance.



Page 6 of 19

(2023) 12:128

Schwarz et al. Systematic Reviews

OAMLU!

sabueyd yum Ajuedyiu
-bIs 21e[21102 10U PIP
$3INSEaW D13SNOJE 33 Ul
sabuey) "ydeads snosu
-eyuods jo abues Aouanb
-31J 8Y) Ul seanul
1uedLIUbIS e pue ‘Bul
-peais pue yaaads sno
-auejuods yioq ui % jo
S9seaIDUl JURDYIUDIS

sanbluydal
Bulwiyje-19puab jje

9zl|eJauab pue sad10yd
piom Bujuliyje-1apuab

‘sanbruyday uon
-e|n2iue ‘ssnbiuydal
awin|oA buluwiyje
-lapuab ‘sanbiuydsy
9DI0A JURUOS3I ‘531D
-31eJ1S UORUOIUI pUe
S951019%3 Youd

Bulwiyje-19puab ‘sasid

-19x3 dn-wiem [ed0oA
1usWa|dw ‘uonexe|al

OAML UrusW |eabukie| ‘aualbAy 0018l (Aep sad Adesayy vsn v 1] (czo)
-anoudwi Juedyiubig jeeld OAML [EDOA UO UOIIEINPT (SSL)SLE UOISSDS |) SHo9M 7| UONPSIUIWS4 9DI0A ‘B 39 }2IMPRYD
w3
-buoj ayy ur swn ay1 jo [B21PSN XVIN3d GG 01007
%1 €€ PUB ‘%805 yoaads-i3nw ay3 jo 3|eds (abuel Of 9]eWwa} D)
panoidudl Ajuiuiwey S|Npow Ydlid swi  bunes Ayuiuiwsy pue  youd pue ‘uoneuolul 8:€G 01 8:8¢
[POOA ‘96" | AQ panoidul -|eas ‘welboid 2I0A  Ajjujndsew pue (519 ‘Ailjenb ‘yoyd uo 'O 9]eW 1) Adesay | vsn [€2]
uoNEdYIIUSP! JBPUSD [EUOISUSWIP-NINIA /D SNOSURIUOASIWLSS  SND0J) POYIRW IYRD €25 01 Ty G'9F DS ©@1-€1) Sl UORESIUIWLRS 3JI0A  (T10T) 32117 443D €
(8'9v—6'8€)
L L€y -Usll
S9SIDIOXD (LL:¥r—1:8€)
Auiuiwey [BIPSN XVINId uonouny [e20A sa|d ¥ Ty uswom 155 bz
[BDOA §,12U3351| 33 JO yoaads-3nw pue (A-3dVD)  -wa1s snjd yuawiean (SG:05—L1:CE)  SY99M g oy aam sad Adesayy vsn [z2] (£102)
uondadiad Janag yolld Swil]-|esy sisAjeue [enidadiad 9210/ D11eWoIdWIAS '€y OS SUOISSaS Y- OMI) 7| UONPZIUIWS) 30107 Buoqg UeA R I9)|9D T
uonelidsal pue
‘uonedIuNWWod
[EQISAUOU ‘SD13RW
-beud ‘Aiejngedon
'92UBUOS3J ‘UONPUOIUI
(Sygyo pue ‘AKousnbaly jerusw
A-3dVD) AIPNY 9A1 -epuny ‘sanbjuyda}
9DURUOS3I JO -da21ad (D3SL) 241eu uolexe|as ‘aualbAy vsn (17
Juswanoidwi pue [BJIPAN XVINId ~ -uonsan( uonenjeAy |B20A ‘sI0INRYRq (09-12) (L0181 Qs Adesayy (€107) ueipagelen
°/ pasealou| YoUd-ISIA -J19S Japusbsuel] JllPWNRIIOUOY (L9 sv 4 UO1BZIUIUID) 9DI0A 19 200UeH °|
(xew
weiboud poyiaw (Xxew—-ujw) (Qs) -ujw) (gs) uoissas Anunod
s)nsal ulepy siskjeue d13snody  [0d03o4d Juawssassy  Kiabunsio Adessy)  (s1eak) abesane aby —awn Adesay jJuswieas] pue (1eak) 103ny

(K1abinsouoyd pue | 4A) sJUsWIeal} 3y} Inoge synsal ayj Jo uondudsaq L ajqel



Page 7 of 19

(2023) 12:128

Schwarz et al. Systematic Reviews

9DI0A BUIUIUIR) DI0W B Se
uondadiad Jauaisi| pue
‘uondaniad-yas Aujenb
[BDOA 121399 YINL

12461y % Jo pasealdu

OAMLUIIUBW

-anoidwl yuedyiubis Ajjed
-13511R1S pUB QL -|HA PUe
9 Ul ssuswanosdul
J2yuIny Ul SNl ] 4A 0}
Aisejdonolb jo uon
-IPPE YL OL-IHA U!
Juswanoldwi pue uon
SCTERAVESTIECTREY

)l AepAIaAd U| SUISOUOD
3DI0A Jo 1oedwil A
-B3u 3y Jo uonoNpas pue
‘uolssaidxa pue Anudpl
Jopusb Usamiag
9DURNIBUOD pUR Uoh
-BJSIIes [eD0A Ja1ealb
'3210A 343 JO UONeN[eAd
olsnode pue [enydadiad
-AIo)pne 3y} 0} Uonepi Ul
abueypd aAnisod Juedyiu
-BIS Yum ‘9AND3YS a1om

Jeeld

[BSIPSN XVINId
gel
yoaads pazuandwod)

(91825 Hbojeue

|eNSIA) sisAjeue jeny
-dassad Aloypne pue
IHAD3SLANL

eluoydsAp Jo xapul
[e1123ds |esysdad pue
‘Souaujwoid ead
[ensdad snoaueiuods

‘OL-IHA OAML

(I0AV) 90COA

uolez
-l|eJauab pue ‘edueU]
-Ulew ‘uolie|npow pue
uondafoid ‘uolssiwe
‘uolieINPOW ‘Uolexe|al
‘Buiyreslq ‘susibAy
|e20A :Adelay) [0
‘Kise|do1ob Js|pusp

OM

abenbueg

Apog pue ‘Aouapuyys
9210A panoidull
‘sutoned bupjeads
QUIUIWS) ‘9OUPUOSI
|eseu pue |elo palabiel
SuoIssas Adesay ]

uon
-ezl|esousb a1e1l|oey 0}
S1Ul2> 9Y1 9PISINO S¥Se)
J13JSUBJ) PaINIDNIIS pue
‘swoy 1e 9onoeud
Je|nbal ‘saspiaxa
9D10A JUBUOSI pue
'S35|D49X3 UONdUNY
[BDOA {S3S1219%3 1061}
[PDOA P2PN[220-1WaS
/dn-wem [eson
'S9UD19415 0SI0) pue
yoau ‘peay ‘buiyieaiq
Jnewbeiydelp pue
1ioddns Aloresidsal
anoidul| 01 $3s101a%3
‘uononpoid a10A pue
41jeay |eDOA Uo
9DIAPE puUB UoI1edNP3
“Aouapye pue Aljiql
X3l 'yi1bua.1s [BOA
Bujziwixewl pue
yijeay |edon bul
-UlelUIeW ‘9OURUOSSI
[EDOA 9ZIUIWR) pue

(¢5-0¢£) 6'6€

(56) 5'S€
OMLIA
T¥l)9se
14A

ge=elpaw ‘cs-1¢
dnolb |euonipel]
(LE=®IPSN "/¥—C0)

(S99M 8 J9N0 “Ajpfoam
UoISSas € B 7) #C

el
OML4A-1S0d
(|10¢s

OMLAA

(9'1) 905535 9'F
14A
K1abins-21d

SHIIM {7 1IN0 2am Jad
SUOISS3S UIW-G7 931y}
(dnoub anisuaul)
‘(S42am 7| Jano

3oam Jad uols

-$35 UIW-Gf 2UO)

uleds [5¢] (9102)
uelpy pue ojnbuy

Klabinsouoyd ‘Jlouuo) ‘opesed '/
VSN [l

Klabinsouoyd (1Z07) ‘|p 19 UMOIG 9
Adesayy elensny [G1]

swelboid Buuies yiog Jeeld xapu| Aljenp ad10p  Youd yoaads a1eas|3 dnoun anisuau| dnoub jeuonipest UOIBZIUIWDY JI0A  (2707) [R19 UUIND 'S
(xew

weiboid poylaw (xew-ujw) (Qs) -ulw) (gs) uolissas A1unod

s)nsal urepy sisAjeue d13snody  [0d0j04d Judwssassy  Aiabunsao Adessy)  (s1eak) sbessne aby —awn Adessy judwieas] pue (1eak) 101ny

(panunuod) L ajqey



Page 8 of 19

(2023) 12:128

Schwarz et al. Systematic Reviews

1UDUISSISSe
[enidaniad-A101pne jo
JuaWaAoldul Juedylubis
2JoW BUIMOYS S|enpiA
-Ipur JabunoA yum

[EDIPSN XVL
-N3d ‘weiboid ad10n

[HA pUe (SYg4D)
sisAjeue [enidadiad

Aioypne pue quaponb

12ye Adessyy

yo9ads pawinsal
oM11Inq ||e pue A1ab
-INS 210424 S|enpIAIpUl
|l “Adeiayy [eooA

(65-S¥) 6’15 DD
(6£-91) 98¢ OS

929219 [87] (€107)

°/ JO pasealdu| [eUOISUSWIP-INIA uoneuoyd ‘14N A1se|doio|b Ja|puapn 9/€ VN K19BINSOUOYd B 13 SI|ONIUOISeIN | |
suolIssas Adesayy
9210/ SAIIRAISSUOD JO
Jagwinu ay3 pue 9 jo uon
UOBAS|D 94} U9M19] -DBJSI1eS |EDOA JO 3[eds
uol1r|94I0D OU (Auewian Hojeue |ensia e pue
'9U0 10J1dadxa  ‘ullag ‘|edIpaw-NOIX) ‘dileUUoNSaIND uon Adelay1 9210A A1 $905595 0§ | -0 12UV
syuaned e Joy youd NOIX O €67 -DBJSIIeS 3JI7 ‘|HA Xapul  -BAISSUOD pue Aisejdol $905595 05—0 Aueuwsan [/7]
|EDOA 343 JO UOIIeAS|T SYAId A111aA3s eluoydsAg  -0|b J3|puSA PIYIPOIN (LS¥2) €% :01 A19buns a10)og K1abinsouoyd (9107) ‘|e 19 12SIDN 01
SUONeNYIS 3)l|-|eal O}
Spoy1aW paule)
A|MaU jo uonezijela
-Uab pue adURUAUIRW
‘S9UO) SUIUIWIR) O}
XuA1e| aulindsew ayy Jo
uopejnpow pue
‘Juauiade|d ‘UoIssiwe
‘Bujurely uonelidsal
3|eds bojeue  ‘uoiiexe|al ‘9dIApe pue UoI$$9s Yoea
9DI0A JO [BNSIA {(SygyD) Jusw UOIBULIOJUI DISEq uiw 09 10 (S4oam 71-8 uleds 1 1]
uoneziuiwaj pue -ssasse [enidadiad Aioy Adesayy yooads  (75-9¢€) (8'1) 90F 1©D 19A0 Apoam (£107) ueupy g
3UO} [BDOA 35P3IDU| jeeld  -lpnepue’IdiN ‘OIS ‘A1seidololb sia|puap (15-0€) (9'1) 0¥ S SUOISS3S €-7) +¢ K1abinsouoyd elied ‘'opesedq
SIURWIIO) SRS
UlI0j 0} $351219%D
'S9S12J9Xa UOJIBIYIPOW
9DURUOSI ‘S3SIDIDXD
uopoNnpold Jueulwop
PIOIAYI0D1ID ‘UoIeXe|2!
|eabuckie| :Adeiayy
SIUDUISSSSE 4o3adg pue aInssiul
J13SNOJe pue “DIWeuAp -WOoD JoldlUe 3y} JO
pasealdul [BDIPSN XVINId -OJoB ‘SuaWIssasse [en)  Juawade|dsipoiial pue £310% YINos
9 pue Ajuiuiway 83107 youd swn-jeay  -dediad pue aAndalgns  BujusIoys Ploj [I0A (€9-£1) ¥¥e VN A1sbinsouoyd [9z] (£107) wiy g
(xew
weiboud poyiaw (xew-uiw) (@s) -ujw) (gs) uolssas Anunod
s)nsal urepy sisAjeue d13snody  [030104d JUdWISSISSY K19b6ans 1o Adesay]  (sieak) abeiane aby —awn Adessy jJuswijeal) pue (1eak) 101ny

(panunuod) L ajqey



Page 9 of 19

(2023) 12:128

Schwarz et al. Systematic Reviews

°/ paseaioy|

°/ pasealou|

V1D ueyl A|qesoney
2I0W $3WO2IN0 d9) Y1
pa1el pue dn-moj|oj 1e
POYSIIES 2I9M S1USI1e]

[BSIPSN XVINId

youd awn
-|eas ‘welboid ad10A

[PUOISUSWIP-INA

VN

uspams
‘0bulpIT ‘gy Wa1sAs|eu
-BIS Yoo e1eQ SNINOSN)
Boyd pue [|[omspunos

(Jawiuys pue

191[) saInseaw uopeq
-IN13d "(SUOHWIS pue
ZH ul 9bues % pue

°)) sisAjeue dsnody

(2uoNWas pue
‘zH '9bues % pue %)
sisAjeue dIsnody

alieuuonsanb
UO[1DR)SIIES [EDOA

S|1RI2P INOYIM
‘K1abins-a1d Adesayy
|BDOA "UopRIUBWIONE

uon3fUl Yim uop
-eUWIO) GaM JoUIUY

pajjon

-uodun alam Adessyy
9210A JO JUNOWe pue
‘9dA1 ‘9a169p ay |
“UoISSNOS|p uoleoNpa
9D10A ‘Uonewixoidde
ploAyolAys bujpnpdul
Kisejdobukie| uoneziu
-lway A1sejdobuAie)
UO[IPZIUIUID) 3DI0A

2b6uel 3010A PaWI| B
1uaAaid o1 youd aya
Bulkien pue ‘sbuel
olewsy e ul youd bul
-jeads ay1 buidaay
‘uoiesnpa auaIbAy
[eD0A ‘uoneUOyd
paxe[al pue Ases uo
Ajutew :(A196.ns 121je)
{SISIDIDXD 1DBJ]} [EDOA
papN[2201Was pue
poyiawl Juadde
‘AdeJayy Jueuosai [ejo
‘da1s-Ag-dais e Ag Jo
Apoasip youd sjewsy e
yoeal 01 buikn uon
-eoyipow yodyd :(K1sb
-Ins a109q) Adesayy
|e20A ‘yoeoidde
PIoJAYI0D1D pue
Aisejdoiolb sajpuapn

(85-50) ¥

(69-0) LY
:uonewixoidde proAy
-01Ay3 buipnpul Aserd
-0bukie| uoneziuiws}
(¥9-22) £ 1se|dobuk
-Je| UO[IBZIUIUID) DI0A

(£9-5¢)
(o1) s'st

VN

VN

VN

s}|nsal uley

weiboud
sisA|eue d13snody

]0>010.d JUDWISSSSY

poylaw
£K13bans 1o Adesay

(xew-uiw) (as)
(sa1eak) abeisane aby

(xew
-ulw) (gs) uolissas
—awn Adessy

epeued [0€]

K1abinsouoyd (#107) UOSIapUY |
vsn [§] (€102)

K1abinsouoyd B 19 SewWoy] €|
uspams [6¢]

Klsbinsouoyd 6102) 1R AR 7L
A1unod

juswealr) pue (1eak) 101ny

(panunuod) L ajqey



Page 10 of 19

(2023) 12:128

Schwarz et al. Systematic Reviews

dnoub j013u0d D) ‘dnoib Apnis DS ‘UoIRIASP piepuels (S ‘d|ge|leAR JOU /N ‘Dwi} uoneuoyd
wnwixew | “(SYGYD ‘A-3dVD) 5/020304d 3210/ 2A1IPNY aA1Id3I13d Xapu| dedipueH 3JI0A [HA ‘21BUUOIISAIND 9210/ UBWOAN SUBI] DAML ‘AW0I0pIOd (WAYT) JUdWISN(pe D10 PalSISSe 195e| YIM PaleIdosse (JYYSHA)
2INSSIWIWOD JOLIUER 3} JO JUSWdR|dSIPOoIIaI pue ‘BuludlIoys P|o) [eI0A YAY T+ DVYSHA ‘Kisejdolo|b sajpuap snid Adeiayy uoneziuiway ad10A DA L4/ ‘Kise|dosso|b ¢ 9310 jo Aduanbaiy jeyuswepuny % :spusba

9DI0A 11343 ZIUIWd) 0}
YSIM OYM USUIOM

-SUBJ1 IO} PIPUSUIUIODI
90 p|nod Adesayy
yoaads anneladoisod Aq
paMo||0} anbluyda}
DVYSHA "youd (2207
13YBI1Y Yim S3210A Ul
1Insal pue yoseoidde

21dodsopus ue ybnoiyy (SYAVd) (S¥'6) 0L 1€
SP|0J [BDOA 33 Jo Bul 3|eds Hojeue [ensiA e VAV T+DVYSHA  A19bins uaje syruow 9
-uauoys ay1 adnpoud BuIsn JuswIssasse [eny 81Cl) ST8s 1y 'suoIssas Adesayy uteds [z€] (zcoo) [e 3
sanbiuyoay |ed1bins Yyiog 1eeld -dadiad ay1 pue DAML VN do yosads 0| 15e9] 1y Aiabinsouoyd 9)JUSIO|N-0pesSe) ‘9|
uostedwod
aAlzeladolsod pue
-a1d ay3 ur aduedYIUbIS
[BDIAS11RIS OU SEM 2494}
‘74 pue |4 'obuel 9B SYgYO
Aduanbauy Jawwilys saselyd jox03014d
Jonl 'LdIN H(€20°0=4) (Aeid A-3dVD JO sisAjeue syuow /'
ZH 99y F 6’/ JO 950Ul S1D) MBIAOUO PUB  ‘3DI0A Y3 JO ANUIUIUSY WN (SuoIssas y5—¢ | lizeag [L€]
ueaw e sem 213y ‘%Y BLIDWIXOA  PaAIdDIRd-9s ‘DAML Kisejdoyolb sajpuapn (Sy—20) ¥'G€ obuel) 97 210499 K1abinsouoyd (1Z02) “|e 19 saiy ' |
(xew
weiboud poylaw (xew—-ujw) (gs) -ujw) (gs) uoissas Anunod
s)nsal ulepy siskjeue d13snody  [0d03o04d Juawssassy  Kiabunsao Adessy]  (s1eak) sabessane aby —awn Adesay jJuswiealr] pue (1eak) 103ny

(panunuod) | sjqel



Schwarz et al. Systematic Reviews (2023) 12:128

Page 11 of 19

Study Total Mean SD Mean MRAW 95%-Cl Weight
Hancock (2013) VFT 25 28.00 21.0000 —— 28.00 [19.77; 36.23] 3.6%
Gelfer (2013) VFT 3 37.00 27.0000 ————— 37.00 [ 6.45; 67.55] 2.6%
Gelfer (2012) VFT 5 37.00 27.0000 —+—F— 37.00 [13.33; 60.67] 3.0%
Chadwick (2022) VFT 13 26.50 32.0000 —— 26.50 [ 9.10; 43.90] 3.3%
Quinn (2022) VFT - | 17 18.33 27.0000 —— 18.33 [ 5.50; 31.16] 3.5%
Quinn (2022) VFT - T 17 33.14 27.0000 —— 33.14 [20.31; 45.97] 3.5%
Brown (2021) VFT 26 15.00 28.3196 —— 15.00 [ 4.11; 25.89] 3.6%
Brown (2021) VFTC 21 42.00 27.2029 — 42.00 [30.37; 53.63] 3.5%
Kelly (2019) VFTC - G 13 51.90 36.7789 —_— 51.90 [31.91; 71.89] 3.2%
Kelly (2019) VFTC - C 11 33.80 31.4014 —_— 33.80 [15.24; 52.36] 3.2%
Aires (2021) VFTC 7 2460 275000 —— 2460 [ 4.23; 4497] 3.2%

158 < 30.13 [23.50; 36.77] 36.2%
Hancock (2013) VFT 25 32.00 24.0000 — 32.00 [22.59; 41.41] 3.6%
Gelfer (2013) VFT 3 55.00 6.0000 —— 55.00 [48.21; 61.79] 3.7%
Gelfer (2012) VFT 5 55.00 6.0000 - 55.00 [49.74; 60.26] 3.7%
Chadwick (2022) VFT 13 25.70 12.6000 — 25.70 [18.85; 32.55] 3.7%
Quinn (2022) VFT - | 17 26.10 12.0000 — 26.10 [20.40; 31.80] 3.7%
Quinn (2022) VFT - T 17 39.92 12.0000 - 39.92 [34.22; 4562] 3.7%
Thomas (2013) VFTC 76 57.00 17.3948 -+ 57.00 [53.09; 60.91] 3.7%

156 — 41.70 [31.24; 52.16] 25.8%
Brown (2021) VFT 26 27.00 52.4023 ——— 27.00 [ 6.86; 47.14] 3.2%
Brown (2021) VFTC 21 62.00 42.0119 —— 62.00 [44.03; 79.97] 3.3%
Casado (2016) VFTC 10 106.00 20.8029 — 106.00 [93.11;118.89] 3.5%
Kim (2017) VFTC 313 73.60 31.3000 -+ 73.60 [70.13; 77.07) 3.7%
Casado(2017) VFTC 10 107.00 10.6231 — 107.00 [100.42; 113.58] 3.7%
Meister (2017) VFTC 18 38.00 29.3164 — 38.00 [24.46; 51.54] 3.5%
Mastronikolis (2013) VFTC - A 19 81.00 59.4771 —_— 81.00 [54.26;107.74] 2.8%
Mastronikolis (2013) VFTC - B 12 43.40 45.5214 —_— 43.40 [17.64; 69.16] 2.9%
Anderson (2014) VFTC 10 110.00 57.1400 —— 110.00 [74.58;145.42] 2.4%
Aires (2021) VFTC 7 4790 46.6000 —H— 47.90 [13.38; 82.42] 2.4%
Casado-Morente (2022) VFTC - G 12 47.75 28.9853 — 47.75 [31.35; 64.15] 3.3%
Casado-Morente (2022) VFTC - L 10 69.70 26.8632 —_— 69.70 [53.05; 86.35] 3.3%

468 —_— 67.91 [51.76; 84.05] 38.0%
Random effects model 782 S 47.87 [38.76; 56.97] 100.0%

Prediction interval
Heterogeneity: /% = 96%, t° = 575.4878, p < 0.01
Test for subgroup differences: Xg =18.96, df =2 (p < 0.01)

[-2.19; 97.92]

—r 1 T T 1T T 1
0 20 40 60 80 100120 140

Fig. 2 Meta-analysis of the f, gain in the VFT, in relation to the types of samples collected. Legends: VFT, voice feminization therapy; VFTC,
phonosurgery; VFT-I, voice feminization therapy — intensive; VFT-T, voice feminization therapy - traditional; VFTC-A, phonosurgery with group
A; VFTC-B, phonosurgery with group B; VFT-G, voice feminization therapy plus glottoplasty; VFT-C, voice feminization therapy plus cricothyroid
approximation; VFT-L, VFSRAC + LAVA—retrodisplacement of the anterior commissure (VFSRAC) associated with laser-assisted voice adjustment

(LAVA) cordotomy

Two studies [14, 15, 21-24] that evaluated the effects
of VFT showed significant gains in f;, regardless of the
type of sample collected (vowel, spontaneous speech, or
reading), with less heterogeneity in gain between studies
when collected with spontaneous speech (Figs. 2, 6, and
7). The highest gain of f,with VFT (55 Hz) was found in
two studies [22, 23], in the reading sample, and the small-
est gain utilizing the spontaneous speech sample (15 Hz)
[24] (Fig. 2). A difference of 20 Hz was perceived in

another study [21] (higher in vowels and lower in spon-
taneous speech) and 18 Hz (higher in reading and lower
in spontaneous speech, vowel not collected) [23] (Fig. 2).

VFT time and the f, gain

Figure 8 shows that the VFT time did not influence
the f, gain result. Meta regression p=0.6254, coefi-
cient: —0.1280 (CI 95% — 0.6420, 0.3859).
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Study Total Mean SD Mean MRAW 95%-Cl Weight
Hancock (2013) 25 32.00 24.0000 — 32.00 [22.59;41.41] 13.4%
Gelfer (2013) 3 55.00 6.0000 —— 55.00 [48.21;61.79] 14.2%
Gelfer (2012) 5 55.00 6.0000 —— 55.00 [49.74;60.26] 14.5%
Chadwick (2022) 13 25.70 12.6000 —— 25.70 [18.85; 32.55] 14.2%
Quinn (2022) 17 26.10 12.0000 —— 26.10 [20.40; 31.80] 14.4%
Quinn (2022) 17 39.92 12.0000 —+— 39.92 [34.22;45.62] 14.4%
80 —_— 39.05 [28.22; 49.89] 85.2%
Thomas (2013) 76 57.00 17.3948 —— 57.00 [53.09; 60.91] 14.8%
Random effects model 156 _ 41.70 [31.24; 52.16] 100.0%
Prediction interval [ 3.82; 79.57]
Heterogeneity: /2 = 96%, 1> = 188.6240, p < 0.01 T
Test for subgroup differences: xf =9.32,df=1(p <0.01) 10 20 30 40 50 60 70
Fig. 3 Comparison of the effectiveness of treatments (reading)
Study Total Mean SD Mean MRAW 95%-Cl Weight
Hancock (2013) 25 28.00 21.0000 —— 28.00 [19.77;36.23] 14.6%
Gelfer (2013) 3 37.00 27.0000 37.00 [6.45;67.55] 3.8%
Gelfer (2012) 5 37.00 27.0000 37.00 [13.33;60.67] 5.5%
Chadwick (2022) 13 26.50 32.0000 ———+—F—— 26.50 [9.10;43.90] 8.2%
Quinn (2022) 17 18.33 27.0000 ———— 18.33 [5.50;31.16] 11.0%
Quinn (2022) 17 33.14 27.0000 —_— 33.14 [20.31;45.97] 11.0%
Brown (2021) 26 15.00 28.3196 ——+—— 15.00 [4.11;25.89] 12.5%
106 g 25.42 [19.11; 31.73] 66.7%
Brown (2021) 21 42.00 27.2029 —— 42.00 [30.37;53.63] 11.9%
Kelly (2019) 13 51.90 36.7789 ——— 5190 [31.91;71.89] 7.0%
Kelly (2019) 11 33.80 31.4014 —_— 33.80 [15.24;52.36] 7.6%
Aires (2021) 7 2460 27.5000 ————— 2460 [4.23;4497] 6.8%
52 —_— 39.09 [30.23; 47.96] 33.3%
Random effects model 158 - 30.13 [23.50; 36.77] 100.0%

Prediction interval
Heterogeneity: /% = 51%, 12 = 60.9078, p = 0.02
Test for subgroup differences: xf =6.07,df=1(p =0.01)

Fig. 4 Comparison of the effectiveness of treatments (vowel /a/)

Assessment of methodological quality

Regarding the assessment of methodological qual-
ity, Table 2 shows that most of the included studies
received a score between 4 and 8 on the NOS. In brief,
the studies’ sample sizes were small, there were selec-
tion biases regarding control groups, differences in
variables of interest (vowel, spontaneous speech, and
reading), and some studies did not mention the pro-
gram used for acoustic analysis or the detailed descrip-
tion of the VFT method. There is a trend toward an
increase in studies comparing different treatment
methods, with well-defined groups and the same meas-
urements of interest between groups.

[10.89; 49.38]

10 20 30 40 50 60 70

Discussion

This is the first systematic review to analyze the results
of VFT and phonosurgery, stratified by different types
of vocal samples collected (vowel, reading, or spontane-
ous speech), and report the evaluation protocols, instru-
ments, and techniques used for the feminization of TW’s
voices and the quality of selected studies by Newcastle—
Ottawa Scale. Both VFT and phonosurgery resulted in a
significant increase in the f, of the TW voice; however,
phonosurgery provides a significantly greater gain. In
both treatment approaches, the smallest gains occurred
in the spontaneous speech sample, and even so, the indi-
viduals reached the frequency range where the voice
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Study Total Mean SD Mean MRAW 95%-Cl Weight
Brown (2021) VFT 26 27.00 52.4023 ———— 27.00 [ 6.86; 47.14] 8.4%
Brown (2021) VFTC 21 62.00 42.0119 — 62.00 [44.03; 79.97] 8.6%
Casado (2016) VFTC 10 106.00 20.8029 — 106.00 [93.11; 118.89] 9.0%
Kim (2017) VFTC 313 73.60 31.3000 -+ 73.60 [70.13; 77.07] 9.6%
Casado(2017) VFTC 10 107.00 10.6231 —— 107.00 [100.42; 113.58] 9.5%
Meister (2017) VFTC 18 38.00 29.3164 — 38.00 [24.46; 51.54] 9.0%
Mastronikolis (2013) VFTC - A 19 81.00 59.4771 e 81.00 [54.26;107.74] 7.6%
Mastronikolis (2013) VFTC - B 12 43.40 455214 ————— 43.40 [17.64; 69.16] 7.7%
Anderson (2014) VFTC 10 110.00 57.1400 —— 110.00 [74.58; 145.42] 6.6%
Aires (2021) VFTC 7 47.90 46,6000 ———— 4790 [13.38; 82.42] 6.7%
Casado-Morente (2022) VFTC - G 12 47.75 28.9853 — 47.75 [31.35; 64.15] 8.7%
Casado-Morente (2022) VFTC - L 10 69.70 26.8632 — 69.70 [53.05; 86.35] 8.7%

442 _ 71.68 [55.91; 87.44] 91.6%
Random effects model 468 — 67.91 [51.76; 84.05] 100.0%

Prediction interval
Heterogeneity: /? = 94%, t* = 706.5500, p < 0.01
Test for subgroup differences: xf =11.72,df =1 (p <0.01)

[ 5.90; 129.91]

[ I I I T I 1
20 40 60 80 100 120 140

Fig. 5 Comparison of the effectiveness of treatments (spontaneous speech)

Study Total Mean SD Mean MRAW 95%-Cl Weight
Brown (2021) VFTC 21 62.00 42.0119 — 62.00 [44.03; 79.97] 6.3%
Casado (2016) VFTC 10 106.00 20.8029 — 106.00 [93.11;118.89] 6.7%
Kim (2017) VFTC 313 73.60 31.3000 -+ 73.60 [70.13; 77.07] 7.2%
Casado(2017) VFTC 10 107.00 10.6231 —— 107.00 [100.42; 113.58] 7.1%
Meister (2017) VFTC 18 38.00 29.3164 — 38.00 [24.46; 51.54] 6.7%
Mastronikolis (2013) VFTC - A 19 81.00 59.4771 —_— 81.00 [54.26;107.74] 5.5%
Mastronikolis (2013) VFTC - B 12 4340 455214 ————— 43.40 [17.64; 69.16] 5.6%
Anderson (2014) VFTC 10 110.00 57.1400 —— 110.00 [74.58;145.42] 4.7%
Aires (2021) VFTC 7 47.90 46.6000 ——— 4790 [13.38; 82.42] 4.8%
Casado-Morente (2022) VFTC - G 12 47.75 28.9853 — 47.75 [31.35; 64.15] 6.5%
Casado-Morente (2022) VFTC - L 10 69.70 26.8632 — 69.70 [53.05; 86.35] 6.4%

442 - 71.68 [55.91; 87.44] 67.5%
Brown (2021) VFTC 21 42.00 27.2029 — 42.00 [30.37; 53.63] 6.8%
Kelly (2019) VFTC - G 13 51.90 36.7789 —_— 5190 [31.91; 71.89] 6.2%
Kelly (2019) VFTC - C 11 33.80 31.4014 ——— 33.80 [15.24; 52.36] 6.3%
Aires (2021) VFTC 7 2460 27.5000 ——— 2460 [ 4.23; 4497] 6.1%

52 - 39.09 [30.23; 47.96] 25.4%
Thomas (2013) VFTC 76 57.00 17.3948 -+ 57.00 [53.09; 60.91] 7.1%
Random effects model 570 - 62.13 [49.05; 75.20] 100.0%

Prediction interval
Heterogeneity: /2 = 95%, 1% = 619.0796, p < 0.01
Test for subgroup differences: xg =17.66,df =2 (p <0.01)

[ 6.88; 117.38]

[ T I I I T 1
20 40 60 80 100 120 140

Fig. 6 Gain of f, in phonosurgery, in relation to the type of vocal sample collected

could be perceived as female. In addition, the gain results
are more homogeneous when spontaneous speech is
used. These results provide important guidelines for cli-
nicians who work with the transgender population since
vocalizations with reading, automatic sequences, or

vowels are situations in which TW can maintain greater
self-control of vocal behavior than during spontaneous
speech (Figs. 2, 3,4, 5, 6, and 7).

In spontaneous speech, attention may be more focused
on the message and interaction with the listener than on
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Study Total Mean SD Mean MRAW 95%-Cl Weight
Hancock (2013) VFT 25 28.00 21.0000 — 28.00 [19.77;36.23] 8.2%
Gelfer (2013) VFT 3 37.00 27.0000 37.00 [6.45;67.55] 3.3%
Gelfer (2012) VFT 5 37.00 27.0000 37.00 [13.33;60.67] 4.5%
Chadwick (2022) VFT 13 26.50 32.0000 ————F— 26.50 [9.10;43.90] 5.9%
Quinn (2022) VFT - | 17 18.33 27.0000 ———— 18.33 [5.50;31.16] 7.1%
Quinn (2022) VFT - T 17 33.14 27.0000 —_— 33.14 [20.31;45.97] 71%
Brown (2021) VFT 26 15.00 28.3196 ———— 15.00 [4.11;25.89] 7.6%

106 —_— 25.42 [19.11; 31.73] 43.6%
Hancock (2013) VFT 25 32.00 24.0000 — 32.00 [22.59;41.41] 7.9%
Gelfer (2013) VFT 3 55.00 6.0000 — 55.00 [48.21;61.79] 8.5%
Gelfer (2012) VFT 5 55.00 6.0000 55.00 [49.74;60.26] 8.8%
Chadwick (2022) VFT 13 25.70 12.6000 — 25.70 [18.85;32.55] 8.5%
Quinn (2022) VFT - | 17 26.10 12.0000 — 26.10 [20.40; 31.80] 8.7%
Quinn (2022) VFT - T 17 39.92 12.0000 —— 39.92 [34.22;4562] 8.7%

80 —_— 39.05 [28.22; 49.89] 51.2%
Brown (2021) VFT 26 27.00 52.4023 ———— 27.00 [6.86;47.14] 52%
Random effects model 212 — 32.93 [25.94; 39.92] 100.0%

Prediction interval

Heterogeneity: /12 = 90%, 1° = 137.4200, p < 0.01
Test for subgroup differences: Xg =457,df =2 (p =0.10)

Fig. 7 Gain of f, in VFT, in relation to the type of vocal sample collected
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Fig. 8 VFT time (in number of sessions) in relation to f, gain. Legends: test of moderators (coefficient 2):—0.1280, (Cl 95%—0.6420, 0.3859);

meta-regression p=0.6254

sustaining vowels, automatic speech, or reading; even
after phonosurgery, several behavioral adjustments are
necessary to ensure vocal adequacy. The focus on the
message can divert attention from vocal production and
justify the smaller gains in f, in a spontaneous speech
reported by the different studies analyzed. Thus, it is
suggested that isolated or post-surgical speech therapy
focuses on prolonging or intensifying learning and the

domains of vocal behaviors that facilitate the increase
and maintenance of an f, closer to that obtained during
automatic speech.

While studies of VFT were generally of small sample
size and not randomized, the positive results in post-
VET f, gains, f,values at follow-up, and perceptual
analyses concerning femininity and masculinity cor-
roborate the indication of VFT. One study notes that
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Table 2 Newcastle-Ottawa Scale (NOS) for quality assessment of studies
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Author Study design Selection Comparability Exposure Total
1. Hancock and Garabedian (2013) [21] Cohort *% * . 6
2. Gelfer and Van Dong (2013) [22] Case-control *x * * 4
3. Gelfer and Tice (2013) [23] Case-control *x * * 4
4.Quinn etal. (2022) [15] Cohort prospective o % *xx 8
5. Brown et al. (2021) [24] Cohort retrospective fad o *ax 7
6. Chadwick et al. (2022) [14] Cohort retrospective *x o *x 6
7.Kim (2017) [26] Cohort - « wex 6
8. Casado, Parra, and Adrian (2017) [11] Cohort * * Hrx 5
9. Anderson (2014) [30] Cohort * * *xx 5
10. Meister et al. (2017) [27] Case-control *x *% *x 6
11. Casado, Connor, Angulo, and Adrian (2016) [25] Case-control * * *x 4
12. Kelly et al. (2019) [29] Case-control *x * %% 5
13. Thomas and Macmillan (2013) [5] Case-control *xx * . 6
14. Mastronikolis et al. (2013) [28] Case-control *x * e 6
15. Aires et al. (2021) [31] Cohort prospective xxx wx *xx 8
16. Casado-Morente et al. (2022) [32] Cohort retrospective Hxx ** *xx 8

Legends: Quality of selection (minimum 1; maximum 4 stars); Comparability (minimum 0; maximum 2 stars); Exposure (minimum 1; maximum 3 stars)

the literature supports both VFT and phonosurgery,
depending on the magnitude of pitch gain desired by
the client, costs, and possible complications. In addi-
tion, the authors concluded that VFT provides high
vocal satisfaction to customers, is effective at increas-
ing the pitch, and is not invasive [10]. Studies [14, 15,
24] that compared the effects of different methods of
speech therapy, for TW, found that the tested methods
are effective, with a significant improvement in audi-
tory and acoustic voice perception, greater vocal sat-
isfaction, greater congruence between gender identity
and expression and reduction of negative impact on
everyday life. Characteristics customers will look for
surgery after vocal training are still unknown [13].

In this study, the relationship between therapy time
(in sessions) and post-treatment f, gain was not sig-
nificant (Fig. 8). Nonetheless, the authors [22] stated
that both the largest number of sessions and the expe-
rience of living full-time as a woman can be impor-
tant variables in predicting the progress of therapy.
Another study [33] found that the largest change in f,
was directly correlated with the increase in the number
of vocal training sessions. One study with an average of
22 VFT sessions obtained an f, gain of 48 Hz and con-
cluded that the only clear predictor for a result with a
higher fjis the increase in the number of treatment
sessions [15]. Another study that reported the high-
est gain in f, (110 Hz), VFT was performed only before
surgery, and the duration of therapy was not mentioned
(Table 1) [30]. There is a need for further studies on the
topic.

Regarding vocal assessment, the studies were uniform
in terms of auditory-perceptual assessment through
the application of the CAPE-V and GRBAS protocols
(Table 1). In this sense, a previous study has shown that
the two scales are reliable and indicated for analysis of
voice quality; however, GRBAS was classified as the fast-
est and CAPE-V the most sensitive, mainly to detect
small changes in voice, as in the case of TW [34].

Of note, in most of the included studies, acoustic analy-
sis of the voice was performed by extraction of £ (in all
studies) and measurement of the mean frequency range,
perturbation, and noise (mean percentage jitter, shimmer,
and noise-to-harmonics ratio). However, differences in
study results and difficulties in comparing the analysis of
VET effects concerning those of phonosurgery can also
be related to the various programs used in data extrac-
tion, forms of recording, environmental noise, or cultural
factors that can affect amplitude and £, [35]. In addition,
the gain was more homogeneous between studies when
investigated in the spontaneous speech sample. There
was a significant difference between the gain of the stud-
ies and the type of collection. In this way, it is suggested a
greater standardization in the collection of pre and post-
treatment f,, to compare results and the use of spontane-
ous speech in the sample collection, as it better translates
the patient’s speech and contributes to the generalization
of the highest £, gain to spontaneous speech (Fig. 2).

In a study that set out to identify which are the pre-
dictive parameters of masculinity-femininity ratings by
presenting auditory and visual cues for transgender and
cisgender, the authors found statistical significance to f,,
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average vowel F,, and sound pressure level [17]. Indeed,
a study [36] report that methods for voice feminization
are based on changing four parameters: f,, resonance
frequency relative to vocal tract volume and length, F,,
tuning, and phonatory pattern. In the present system-
atic review, only two studies that analyzed the first three
F_, of /i/ from the word “beach’, the first three F,, for
/i/, /a/, and /u/ (from the isolated vowels); and /i/ from
the selected semi-spontaneous Q/A set included Fa-
nalysis [22, 23]. One study showed that the frequencies
of forming vowels are important clues to the perception
of gender, mainly in the range between 145 and 165 Hz,
and more prominent in spontaneous speech than in iso-
lated vowels or syllables [37]. A research [26] used reso-
nance modification exercises to form female F, based on
the source/filter theory of voice production. Thus, it is
important to include an investigation of F,, through spec-
trographic vocal analysis in future protocols for voice
evaluation in TW.

The most used self-assessment questionnaire among
the included studies was the Trans Woman Voice Ques-
tionnaire (TWVQ) followed by the Transgender Self-
Evaluation Questionnaire (TSEQ) and Voice Handicap
Index (VHI) (Table 1). The TSEQ is the oldest ques-
tionnaire developed for this purpose [38, 39] and was
modified from the VHI for the transgender population.
Although TSEQ is widely used by researchers in North
America and abroad, there are few studies on its char-
acteristics, and its psychometric properties have not yet
been established. Scientific evidence supports the valid-
ity and indication of the TWVQ as an important tool for
TW to perceive the functioning of their voices and how it
impacts their daily lives [40].

Both studies focusing on VFT [21, 23] and those
combining it with phonosurgery [11, 25] recommend
guidelines on phonotraumatic behaviors vocal hygiene,
relaxation techniques, and respiration training, because
transgender people are exposed to the same types of
vocal misuse behaviors of cisgender people. Some pho-
nosurgery studies did not mention the details of the VFT
exercises and recommendations before or after surgery,
which makes it difficult to compare the effects of VFT on
the voice in relation to phonosurgery.

The Stemple Vocal Function Exercises (VFE) method
was used in two studies [22, 23]. Stemple’s physiological
vocal therapy is based on anatomy and physiology and
seeks to modify the function of the laryngeal musculature
and the respiratory support provided for voice produc-
tion. The approach involves direct modification of inap-
propriate physiological activity through exercises, which
focus on airflow and strength of the laryngeal muscles to
balance the breathing, phonation, and resonance systems.
A study [23] recommends that the main objective of VFT
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is the modification of pitch, quality, intonation, and pitch
range and started their sessions with the production of
the consonant /m/ plus vowels with the new f, target for
habituation and facilitation of oral resonance. A target f,
was chosen for each person based on age, vocal range,
and initial f, measurements. Afterward, words starting
with /n/, /1/, and /r/ were introduced, followed by phrases
with the objective of training intonation, pitch, and vocal
quality, and, finally, multiple sentences involving descrip-
tions of figures, roleplaying, and open-ended questions.
Two studies [22, 23] also recommend the use of the Real-
Time Pitch Software from Multi-Speech for immediate
feedback on the appropriate frequency and production of
smooth voice quality (Table 1).

Among the six studies that performed VFT, three used
intonation as one of the focuses of therapy. The authors
showed that intonation was the target of VFT in 68% of
cases; during VFT, the client should demonstrate an
appropriate vocal variety and increase in rising intonation,
regardless of the objective of increasing f,, and practicing
with phrases, sentences, and paragraphs [21]. Research is
still inconclusive about the use of intonation [41], but it
appears that most authors who researched VFT recom-
mend its use. Among the phonosurgery studies, there was
no such recommendation, but many studies did not detail
the method used in speech therapy (Table 1).

As for resonance exercises, the three studies of VFT
and two of phonosurgery recommended this modal-
ity. The authors [23] reported that 96% of clients used
resonant voice in words with initial-position bilabial and
semivowel phonemes, with resonance exercises involv-
ing nasal sounds and auditory feedback [21]. Most stud-
ies recommend moving resonance forward into the oral
cavity (“lip spreading and forward tongue carriage”) as a
focus of therapy [11, 23, 29], initially in isolated vowels,
consonant-vowel, and vowel-consonant syllables, fol-
lowed by monosyllabic words, bisyllabic words, phrases,
full sentences, and conversation. The other studies did
not specify how vocal resonance was targeted.

The results of one prospective study found that the
TW voice was perceived as female for vowels that
had increased frequencies in the F,, in addition to an
increase in f [42]. In a study [4] on the effectiveness of
five oral resonance therapy sessions with 10 TW, target-
ing lip spreading and forward tongue carriage, showed
that both the values of the first F, (F,, F,, and F;) of vow-
els /a/, /i/, and /O/ and f, increased after VFT, with the
change in Fibeing statistically significant. In addition,
most TW were perceived as more feminine by others and
through self-assessments and were more satisfied with
their voices [4]. Oral resonance therapy appears promis-
ing and is consistent with the fact that F, differs between
genders; however, further research is needed to prove the
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effectiveness of the method for TW. One study recom-
mended the use of vocabulary, pragmatic [28], and two
nonverbal communication for feminization [24]. There
is no scientific evidence of gender differences in these
parameters [28].

As for surgical techniques combined with VFT, Wendler
glottoplasty was the most cited, in seven studies with an f;
gain of up to 107 Hz [11] (see Additional file 2 and Fig. 1).
The study [30] obtained the greatest gain in f, (110 Hz) with
pre-surgery VFT and anterior web formation with injection
augmentation. The lowest gain of f, was collected through
spontaneous speech, using VFT (15 Hz) [24]. A reserach
[11] studying the effect of phonosurgery in relation to sur-
gery alone showed that VFT promotes better gain in f, when
combined with surgery (107 Hz with VET vs. 76 Hz without
VEFT), corroborating the results of this study, which showed
that phonosurgery is more effective than speech therapy
alone, in relation to the gain in f,. One research reported
that endoscopic shortening was more effective in raising f;,
with an increase of more than 70 Hz, versus a change from
26 to 40 Hz achieved by VFT and other surgical options [9].

The authors [3] state that the variations between these
studies are mainly due to the complex nature of the indi-
vidual, differences in vocal demands, and the lack of
standardization of vocal feminization treatments among
voice practitioners. In addition, the assessment of meth-
odological quality using the NOS showed great variability
between studies in how f, was collected, which acoustic
analysis software was used; sample sizes are small, and
there are biases in the selection of control groups, as well
as the lack of detailed information about the speech ther-
apy steps and techniques used. This made it difficult to
compare results across the included studies.

The limitations of the present review are the small num-
ber of published articles, their small sample sizes, and the
differences in the £ analysis methods of each study. As
we verified differences between the different types of col-
lected voice samples, it is not possible to group all the
results without considering these differences.

Conclusions

Both VFT and phonosurgery showed an increase in the
£, of the voice, regardless of the type of vocal sample col-
lected, with phonosurgery having presented a significa-
tive greater gain of f,. The type of vocal sample collected
significantly influenced the result of f, gain after treat-
ment. The speech therapy time did not influence the post-
treatment gain in voice f,. The quality of evidence of the
studies was low, given the lack of randomized controlled
trials, the small sample sizes, and the different methods
of collecting f,. Thus, this study may provide additional
evidence on the role of VFT and phonosurgery on voice
feminization and encourage further research in the field.
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Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513643-023-02267-5.

Additional file 1. Effects of voice feminization therapy on fo in transgen-
der women Legends: NA: not available; SD: standard deviation; fo:
fundamental frequency of voice. * Statistical result found by the authors
of the study cited in the comparison of fo gain between the pre and
post treatment or Significant effects for therapy time versus fo significant
effects for time versus fo 15.

Additional file 2. Effects of phonosurgery on fo in transgender women
Legends: SD: standard deviation; fo: fundamental frequency; * Statistical
result found by the authors of the study cited in the comparison of f0 gain
between the pre and post treatment. * Wendler glottoplasty (WG) and

its modification, the vocal fold shortening, and retrodisplacement of the
anterior commissure (VFSRAC) associated with laser assisted voice adjust-
ment (LAVA) cordotomy. VFT: Voice Feminization Therapy.
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