
The Year in Review
- surgery -

Prof. Dr. med. J. Heß



n = 2190 n = 707 approx. 1/3



2015 US Transgender Survey (a total 27.715 TGD)

- exposure group: endorsed undergoing 1 or more types of GAS at least 2 years prior to survey – 13%
- comparison group: endorsed a desire for 1 or more types of GAS but denied undergoing any – 59%
- respondents were excluded if they did not report desire for any GAS – 28 %

- 38.8% identified as transgender women
- 32.5% identified as transgender men
- 26.6% identified as nonbinary



Figure 2.

Comparison of Mental Health Outcomes Among Respondents Who Did and Did Not Undergo Gender-Affirming Surgery

Table 2.

Association Between History of Gender-Affirming Surgery and Mental Health Outcomes

Variable aOR (95% CI) P value

Severe psychological distress (past month) 0.58 (0.50-0.67) <.001

Substance use

Binge alcohol use (past month) 0.83 (0.72-0.96) .01

Smoking (past year) 0.65 (0.57-0.75) <.001

Suicidality (past year)

Ideation 0.56 (0.50-0.64) <.001

Attempt 0.65 (0.47-0.90) .009

Abbreviation: aOR, adjusted odds ratio.

Adjusted for age, education, employment status, family rejection, gender identity, health insurance, household income, race/ethnicity, sex assigned at birth, sexual orientation, history of gender-affirming counseling, pubertal suppression,

and history of gender-affirming hormone therapy.

Reference/control group (n = 16 401) is composed of individuals who desired at least 1 type of gender-affirming surgery but had not received any surgeries. Exposure group (n = 3559) is limited to respondents who had their first surgery

at least 2 years prior to submitting survey responses.

Defined as a score of at least 13 on the Kessler Psychological Distress Scale.

Defined as consuming at least 5 alcoholic drinks on the same occasion.

Table 3.

Association Between Degree of Surgical Gender Affirmation and Mental Health Outcomes

Variable Received some desired surgeries (n = 3311) Received all desired surgeries (n = 2448)

aOR (95% CI) P value aOR (95% CI) P value

Severe psychological distress (past month) 0.70 (0.60-0.81) <.001 0.47 (0.39-0.56) <.001

Substance use

Binge alcohol use (past month) 0.97 (0.84-1.11) .63 0.75 (0.64-0.87) <.001

Smoking (past year) 0.75 (0.66-0.86) <.001 0.58 (0.49-0.68) <.001

Suicidality (past year)

Ideation 0.72 (0.63-0.81) <.001 0.44 (0.38-0.51) <.001

Attempt 0.70 (0.53-0.93) .01 0.44 (0.28-0.70) <.001

Abbreviation: aOR, adjusted odds ratio.

Adjusted for age, education, employment status, family rejection, gender identity, health insurance, household income, race/ethnicity, sex assigned at birth, sexual orientation, history of gender-affirming counseling, pubertal suppression,

and history of gender-affirming hormone therapy.

Reference group is individuals who received none of their desired surgeries (n = 16 401).

Defined as a score of at least 13 on the Kessler Psychological Distress Scale.

Defined as consuming at least 5 alcoholic drinks on the same occasion.
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Association Between Gender-Affirming Surgeries and Mental Health Outcomes

> undergoing all desired surgeries significantly reduced the odds of each adverse mental health outcome

> these reductions were more profound than those among respondents who had received only some desired surgeries
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Table 2. Multivariable Logistic Regression Model Results for 90-Day
Postoperative Complications

Variable Odds ratio (95% CI)
Patient has established mental health
condition

No 1 [Reference]

Yes 1.43 (1.15-1.79)

Age, every 10-y increase 1.09 (1.07-1.11)

Sex assigned at birth

Female 1 [Reference]

Male 0.83 (0.67-1.05)

Insurance

Commercial 1 [Reference]

Medicaid 1.36 (1.03-1.78)

Medicare 0.98 (0.66-1.43)

Other governmenta 1.16 (0.33-3.16)

Cash NA

Region

Midwest 1 [Reference]

Northeast 0.74 (0.56-0.97)

South 0.96 (0.73-1.26)

West 0.85 (0.64-1.14)

Charlson Comorbidity Index, every 1
comorbidity increaseb

1.16 (1.11-1.21)

Procedure type

Otherc 1 [Reference]

Mastectomy 0.82 (0.62-1.08)

Breast augmentation 0.61 (0.43-0.85)

Hysterectomy 1.40 (1.07-1.81)

Orchiectomy 0.58 (0.38-0.84)

Procedure year

2011 1 [Reference]

2012 1.33 (0.61-3.08)

2013 1.00 (0.44-2.38)

2014 1.38 (0.65-3.11)

2015 1.46 (0.73-3.20)

2016 1.14 (0.57-2.47)

2017 1.13 (0.57-2.46)

2018 1.10 (0.57-2.35)

2019 0.85 (0.44-1.82)

2020 1.04 (0.52-2.30)

Abbreviation: NA, not available (because of small sample size in this category).
a Other government insurance included the State Children’s Health Insurance

Program, Department of Defense TRICARE and TRICARE for Life programs,
Veterans Health Administration program, and Indian Health Service program.

b Zero indicates no comorbid conditions, and higher scores indicate an
increasing number or severity of comorbid conditions.

c Other included phalloplasty, urethroplasty, vaginoplasty, intersex female to
male, intersex male to female, penectomy, prostatectomy, clitoroplasty, penile
prosthesis, scrotoplasty, vulvectomy, labiaplasty, vaginectomy,
salpingo-oophorectomy, metoidioplasty, forehead reduction, forehead
supplement, blepharoplasty, brow repair, rhinoplasty, rhytidectomy,
osteoplasty, genioplasty, jaw contouring, thyroid chondroplasty, fat graft, soft
tissue graft, laryngoscopy, speech therapy, resection of cervix, resection of
vagina, resection of clitoris, resection of vulva, testicle replacement, penis
supplement, larynx procedure, bone graft, head reconstruction, midface
reconstruction, mandible reconstruction, malar augmentation, tissue transfer,
hair transplant, lipectomy, epilation, hair removal, tattooing, and injectables.
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Table 1. Rates of Postoperative Complications and Mental Health Conditions by Patient Characteristics

Characteristic

Patients, No. (%)

Overall
(N = 4318)

Postoperative complication Mental health condition

Yes No Yes No
Total No. of patients 4318 (100.0) 473 (11.0) 3845 (89.0) 2641 (61.2) 1677 (38.8)

Age, mean (SD), y 35.8 (16.1) 40.3 (17.4) 35.2 (15.8) 35.5 (15.8) 36.1 (16.6)

Mental health condition

Yes 2641 (61.2) 339 (12.8) 2302 (87.2) NA NA

No 1677 (38.8) 134 (8.0) 1543 (92.0) NA NA

Sex assigned at birth

Female 2907 (67.3) 324 (11.1) 2583 (88.9) 1774 (61.0) 1133 (39.0)

Male 1411 (32.7) 149 (10.6) 1262 (89.4) 867 (61.4) 544 (38.6)

Insurance

Commercial 3419 (79.2) 349 (10.2) 3070 (89.8) 2041 (59.7) 1378 (40.3)

Medicaid 603 (14.0) 80 (13.3) 523 (86.7) 418 (69.3) 185 (30.7)

Medicare 259 (6.0) 40 (15.4) 219 (84.6) 165 (63.7) 94 (36.3)

Other governmenta 29 (0.7) 4 (13.8) 25 (86.2) 14 (48.3) 15 (51.7)

Cash 8 (0.2) 0 8 (100.0) 3 (37.5) 5 (62.5)

Region

Midwest 1002 (23.2) 131 (13.1) 871 (86.9) 656 (65.5) 346 (34.5)

Northeast 1285 (29.8) 115 (8.9) 1170 (91.1) 798 (62.1) 487 (37.9)

South 1063 (24.6) 128 (12.0) 935 (88.0) 601 (56.5) 462 (43.5)

West 968 (22.4) 99 (10.2) 869 (89.8) 586 (60.5) 382 (39.5)

Charlson Comorbidity Indexb

0 1720 (39.8) 128 (7.4) 1592 (92.6) 752 (43.7) 968 (56.3)

1 1253 (29.0) 106 (8.5) 1147 (91.5) 853 (68.1) 400 (31.9)

2 636 (14.7) 83 (13.1) 553 (86.9) 495 (77.8) 141 (22.2)

≥3 709 (16.4) 156 (22.0) 553 (78.0) 541 (76.3) 168 (23.7)

Procedure type

Mastectomy 1452 (33.6) 110 (7.6) 1342 (92.4) 866 (59.6) 586 (40.4)

Breast augmentation 751 (17.4) 44 (5.9) 707 (94.1) 442 (58.9) 309 (41.1)

Hysterectomy 729 (16.9) 115 (15.8) 614 (84.2) 456 (62.6) 273 (37.4)

Orchiectomy 428 (9.9) 34 (7.9) 394 (92.1) 272 (63.6) 156 (36.4)

Otherc 958 (22.2) 170 (17.7) 788 (82.3) 605 (63.2) 353 (36.8)

Procedure year

2011 103 (2.4) 10 (9.7) 93 (90.3) 42 (40.8) 61 (59.2)

2012 164 (3.8) 23 (14.0) 141 (86.0) 84 (51.2) 80 (48.8)

2013 158 (3.7) 18 (11.4) 140 (88.6) 83 (52.5) 75 (47.5)

2014 215 (5.0) 30 (14.0) 185 (86.0) 131 (60.9) 84 (39.1)

2015 336 (7.8) 51 (15.2) 285 (84.8) 239 (71.1) 97 (28.9)

2016 516 (11.9) 65 (12.6) 451 (87.4) 362 (70.2) 154 (29.8)

2017 528 (12.2) 63 (11.9) 465 (88.1) 342 (64.8) 186 (35.2)

2018 797 (18.5) 80 (10.0) 717 (90.0) 462 (58.0) 335 (42.0)

2019 1070 (24.8) 89 (8.3) 981 (91.7) 629 (58.8) 441 (41.2)

2020 431 (10.0) 44 (10.2) 387 (89.8) 267 (61.9) 164 (38.1)

Abbreviation: NA, not applicable.
a Other government insurance

included the State Children’s Health
Insurance Program, Department of
Defense TRICARE and TRICARE for
Life programs, Veterans Health
Administration program, and Indian
Health Service program.

b Zero indicates no comorbid
conditions, and higher scores
indicate an increasing number or
severity of comorbid conditions.

c Other included phalloplasty,
urethroplasty, vaginoplasty, intersex
female to male, intersex male to
female, penectomy, prostatectomy,
clitoroplasty, penile prosthesis,
scrotoplasty, vulvectomy,
labiaplasty, vaginectomy,
salpingo-oophorectomy,
metoidioplasty, forehead reduction,
forehead supplement,
blepharoplasty, brow repair,
rhinoplasty, rhytidectomy,
osteoplasty, genioplasty, jaw
contouring, thyroid chondroplasty,
fat graft, soft tissue graft,
laryngoscopy, speech therapy,
resection of cervix, resection of
vagina, resection of clitoris,
resection of vulva, testicle
replacement, penis supplement,
larynx procedure, bone graft, head
reconstruction, midface
reconstruction, mandible
reconstruction, malar
augmentation, tissue transfer, hair
transplant, lipectomy, epilation, hair
removal, tattooing, and injectables.
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Table 1. Rates of Postoperative Complications and Mental Health Conditions by Patient Characteristics

Characteristic

Patients, No. (%)

Overall
(N = 4318)

Postoperative complication Mental health condition

Yes No Yes No
Total No. of patients 4318 (100.0) 473 (11.0) 3845 (89.0) 2641 (61.2) 1677 (38.8)

Age, mean (SD), y 35.8 (16.1) 40.3 (17.4) 35.2 (15.8) 35.5 (15.8) 36.1 (16.6)

Mental health condition

Yes 2641 (61.2) 339 (12.8) 2302 (87.2) NA NA

No 1677 (38.8) 134 (8.0) 1543 (92.0) NA NA

Sex assigned at birth

Female 2907 (67.3) 324 (11.1) 2583 (88.9) 1774 (61.0) 1133 (39.0)

Male 1411 (32.7) 149 (10.6) 1262 (89.4) 867 (61.4) 544 (38.6)

Insurance

Commercial 3419 (79.2) 349 (10.2) 3070 (89.8) 2041 (59.7) 1378 (40.3)

Medicaid 603 (14.0) 80 (13.3) 523 (86.7) 418 (69.3) 185 (30.7)

Medicare 259 (6.0) 40 (15.4) 219 (84.6) 165 (63.7) 94 (36.3)

Other governmenta 29 (0.7) 4 (13.8) 25 (86.2) 14 (48.3) 15 (51.7)

Cash 8 (0.2) 0 8 (100.0) 3 (37.5) 5 (62.5)

Region

Midwest 1002 (23.2) 131 (13.1) 871 (86.9) 656 (65.5) 346 (34.5)

Northeast 1285 (29.8) 115 (8.9) 1170 (91.1) 798 (62.1) 487 (37.9)

South 1063 (24.6) 128 (12.0) 935 (88.0) 601 (56.5) 462 (43.5)

West 968 (22.4) 99 (10.2) 869 (89.8) 586 (60.5) 382 (39.5)

Charlson Comorbidity Indexb

0 1720 (39.8) 128 (7.4) 1592 (92.6) 752 (43.7) 968 (56.3)

1 1253 (29.0) 106 (8.5) 1147 (91.5) 853 (68.1) 400 (31.9)

2 636 (14.7) 83 (13.1) 553 (86.9) 495 (77.8) 141 (22.2)

≥3 709 (16.4) 156 (22.0) 553 (78.0) 541 (76.3) 168 (23.7)

Procedure type

Mastectomy 1452 (33.6) 110 (7.6) 1342 (92.4) 866 (59.6) 586 (40.4)

Breast augmentation 751 (17.4) 44 (5.9) 707 (94.1) 442 (58.9) 309 (41.1)

Hysterectomy 729 (16.9) 115 (15.8) 614 (84.2) 456 (62.6) 273 (37.4)

Orchiectomy 428 (9.9) 34 (7.9) 394 (92.1) 272 (63.6) 156 (36.4)

Otherc 958 (22.2) 170 (17.7) 788 (82.3) 605 (63.2) 353 (36.8)

Procedure year

2011 103 (2.4) 10 (9.7) 93 (90.3) 42 (40.8) 61 (59.2)

2012 164 (3.8) 23 (14.0) 141 (86.0) 84 (51.2) 80 (48.8)

2013 158 (3.7) 18 (11.4) 140 (88.6) 83 (52.5) 75 (47.5)

2014 215 (5.0) 30 (14.0) 185 (86.0) 131 (60.9) 84 (39.1)

2015 336 (7.8) 51 (15.2) 285 (84.8) 239 (71.1) 97 (28.9)

2016 516 (11.9) 65 (12.6) 451 (87.4) 362 (70.2) 154 (29.8)

2017 528 (12.2) 63 (11.9) 465 (88.1) 342 (64.8) 186 (35.2)

2018 797 (18.5) 80 (10.0) 717 (90.0) 462 (58.0) 335 (42.0)

2019 1070 (24.8) 89 (8.3) 981 (91.7) 629 (58.8) 441 (41.2)

2020 431 (10.0) 44 (10.2) 387 (89.8) 267 (61.9) 164 (38.1)

Abbreviation: NA, not applicable.
a Other government insurance

included the State Children’s Health
Insurance Program, Department of
Defense TRICARE and TRICARE for
Life programs, Veterans Health
Administration program, and Indian
Health Service program.

b Zero indicates no comorbid
conditions, and higher scores
indicate an increasing number or
severity of comorbid conditions.
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Review 
A systematic review and meta-analysis of 
urethral complications and outcomes in 
transgender men 
Ching-Hsuan Hu a , ∗, Chun-Ju Chang a , Ssu-Wei Wang a , 
Ke-Vin Chang b 
a Department of Plastic and Reconstructive Surgery, Chang Gung Memorial Hospital, Chang Gung Medical 
College and Chang Gung University, Taoyuan, Taiwan 
b Department of Physical Medicine and Rehabilitation, National Taiwan University Hospital and National 
Taiwan University College of Medicine, Taipei, Taiwan 
Received 1 July 2020; accepted 25 August 2021 
KEYWORDS 
Phalloplasty; 
Transgender; 
Tube-in-tube; 
Prelaminated skin flap; 
Urethral fistula; 
Urethral stenosis 

Summary Background: Urologic problems, such as urethral fistulas and strictures, are among 
the most frequent complications occurring after phalloplasty. Although many studies have re- 
ported successful phalloplasty and urethral reconstruction with reliable outcomes in transgen- 
der men, no method has become standardized so far. This study aimed to summarize the results 
of reports on urological complications and outcomes in transgender men with respect to various 
types of urethral reconstruction. 
Methods: A comprehensive literature search of PubMed, Scopus, and Google Scholar databases 
was conducted for studies related to phalloplasty in transsexuals. Data on various phallic ure- 
thral techniques, urethral complications, and outcomes were collected and analyzed using the 
random-effects model. 
Results: A total of 21 studies (1,566 patients) were included: eight studies (1,061 patients) 
on “tube-in-tube,” nine studies (273 patients) on “prelaminated flap,” and six studies (221 pa- 
tients) on “second flap.” Compared with the tube-in-tube technique, the prelaminated flap was 
associated with a significantly higher urethral stricture/stenosis rate; however, there was no 
difference between the prelaminated flap and the second flap techniques. For all phalloplasty 
patients, the pool rate of urethral fistula or stenosis is 48.9%, the rate of the ability to void 
while standing is 91.5%, occurrence rate of tactile or erogenous sensation is 88%, the prosthesis 
complication rate is 27.9%, and patient-reported satisfactory outcome rate is 90.5%. 

∗Corresponding author at: Department of Plastic and Reconstructive Surgery, Chang Gung Memorial Hospital, Chang Gung Medical College 
and Chang Gung University. No. 5, Fu-Hsing St. Kuei-Shan, Taoyuan, Taiwan. 

E-mail address: chinghsuanhu@hotmail.com.tw (C.-H. Hu). 
https://doi.org/10.1016/j.bjps.2021.08.006 
1748-6815/ © 2021 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by Elsevier Ltd. All rights reserved. 
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Table 3 Subgroup analysis for urethral complications and outcomes. 

Event rate (%) 95% CI (%) I 2 (%) No. of studies No. of patients 
Urethral fistula 23.9 18.1–30.8 79.93 21 322 
Tube-in-tube 25.4 15.7–38.3 90.77 8 224 
Prelaminated/staged flap 29.8 20.9–40.5 46.50 9 66 
Second flap 16.1 8.9–27.3 53.21 6 32 

Urethral stricture/stenosis + 25.0 16.7–35.5 88.36 19 289 
Tube-in-tube 15.5 11.0–21.4 67.38 7 145 
Prelaminated /staged flap 40.7 26.7–56.4 66.76 8 81 
Second flap 18.3 3.7–56.5 91.85 6 63 

Need of revision surgery 30.4 23.0–39.0 77.39 16 243 
Tube-in-tube 25.4 17.4–35.7 69.37 5 107 
Prelaminated /staged flap 39.6 27.0–53.9 65.23 7 89 
Second flap 25.1 14.1–40.5 69.66 6 47 

Voiding while standing + 91.5 80.7–96.6 83.29 13 745 
Tube-in-tube 96.2 43.1–99.9 92.36 5 477 
Prelaminated/staged flap 94.3 78.7–98.7 44.54 5 112 
Second flap 83.5 66.3–92.9 79.03 5 156 

Non-urethral complications 19.3 13.1–27.5 82.8 19 1284 
Tube-in-tube 14.6 8.5–24.1 87.9 6 958 
Prelaminated/staged flap 30.8 12.7–57.7 77.6 7 129 
Second flap 16.1 8.5–24.1 53.2 7 197 

Donor site morbidity 13.7 9.3–19.8 67.4 16 909 
Tube-in-tube 13.7 8.2–22.1 72.9 5 590 
Prelaminated/staged flap 10.6 3.1–30.4 70.2 6 171 
Second flap 15.6 10.3–22.7 0 5 148 

Tactile/rrogenous sensation 88.0 79.3–93.4 73.6 11 589 
Tube-in-tube 87.2 70.0–95.2 77.5 4 257 
Prelaminated/staged flap 98.1 93.7–99.5 0 4 206 
Second flap 72.8 62.2–81.3 18.44 3 126 

Patient-reported outcome 90.5 83.0–94.9 74.9 14 624 
Tube-in-tube 95.1 89.7–97.7 25.9 5 265 
Prelaminated/staged flap 88.4 72.8–95.6 72.6 6 233 
Second flap 83.7 62.9–94.0 66.8 3 126 

Penile implant complication 27.9 15.9–44.1 81.2 7 360 
Tube-in-tube 30.7 15.6–51.5 88.5 3 276 
Prelaminated/staged flap 0.6 2.5–16.2 0 1 61 
Second flap 39.2 21.7–60.1 0 3 23 

+ Revision surgery related to urethral fistula or stricture/stenosis. 
30.4% (95% CI, 23.0 to 39.0%; I 2 , 77.39%; p < 0.001) ( Table 3 ). 
Further subdivision of revision surgery related to urethral 
fistula or stricture/ stenosis rate by surgical techniques is 
shown in Table 3 and Fig. 4 . The revision surgery rate of ure- 
thral stricture/stenosis in the tube-in-tube group (5 studies, 
107 patients) was 25.4% (95% CI, 17.4 to 35.7%; I 2 , 69.37%; 
p = 0.011). The rate in the prelaminated/staged flap group 
(7 studies, 89 patients) was 39.6% (95% CI, 27.0 to 53.9%; 
I 2 , 65.23%; p = 0.008). The rate in the second flap group (6 
studies, 47 patients) was 25.1% (95% CI, 14.1 to 40.5%; I 2 , 
69.66%; p = 0.006). The Egger test revealed no significant 
publication bias with regard to revision surgery related to 
urethral fistula or stricture/stenosis ( P = 0.50). 
Analysis of voiding while standing 
The pooled rate of voiding while standing (13 studies, 745 
patients) was 91.5% (95% CI, 80.7 to 96.6%; I 2 , 83.29%; p 

< 0.001) ( Table 3 ). Further subdivision of the rate of voiding 
while standing by surgical technique is shown in Table 3 and 
Fig. 5 . The rate of voiding while standing in the tube-in- 
tube group (5 studies, 477 patients) was 96.2% (95% CI, 43.1 
to 99.9%; I 2 , 92.36%; p < 0.001). The rate in the prelami- 
nated/staged flap group (5 studies, 112 patients) was 94.3% 
(95% CI, 78.7 to 98.7%; I 2 , 44.54%; p = 0.125). The rate in 
the second flap group (5 studies, 156 patients) was 83.5% 
(95% CI, 66.3 to 92.9%; I 2 , 79.03%; p = 0.001). The Egger 
test revealed significant publication bias with regard to the 
rate of voiding while standing ( p = 0.01). 
Analysis of non-urethral complication rate and 
donor site morbidity 
Non-urethral complications included partial or total flap 
necrosis, vascular compromise, infection, hematoma, and 
delayed wound healing. The pooled rate of non-urethral 
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Objectives
To assess our results of surgical treatment for urethral strictures in transgender men, and to provide a surgical treatment
algorithm.

Patients and methods
A single centre, retrospective cohort study was conducted of transgender men who underwent surgical correction of their
urethral stricture(s) between January 2013 and March 2020. The medical charts of 72 transgender men with 147 urethral
strictures were reviewed. The primary outcomes were the success and recurrence rates after surgical treatment for urethral
strictures.

Results
The median (interquartile range [IQR]) follow-up was 61 (25–202) months. At last follow-up, 50/72 (69%) were able to
void while standing (after one [60%], two [20%], three [6%], four [8%], five [4%], or seven [2%] procedures), 10/72 (14%)
await further treatment, two of the 72 (3%) sat to void despite good urodynamic function, and 10/72 (14%) had a definitive
urethrostomy. Of 104 surgical treatments included in separate success rate analysis, 65 (63%) were successful (43/75 [57%]
after phalloplasty, 22/29 [76%] after metoidioplasty). The highest success rates in short urethral strictures were seen after a
Heineke-Mikulicz procedure (six of seven cases), and in longer or more complicated urethral strictures after two-stage with
graft (four of six), two-stage without graft (10/12), pedicled flap (11/15, 73%), and single-stage graft (seven of seven)
urethroplasties. Grafts used were buccal mucosa or full-thickness skin grafts. Success rates improved over time, with success
rates of 38% and 36% in 2013 and 2014, to 71% and 73% in 2018 and 2019, respectively. We concluded with a surgical
treatment algorithm based on previous literature, stricture characteristics, and our surgical outcomes.

Conclusion
The highest success rates were seen after a Heineke-Mikulicz procedure in short urethral strictures; and after graft, pedicled
flap, or two-stage urethroplasties in longer or more complicated urethral strictures. Finally, most of the transgender men
were able to void while standing, although in some multiple surgical procedures were necessary to accomplish this.

Keywords
genital gender-affirming surgery, metoidioplasty, phalloplasty, surgical outcome, transgender men, treatment algorithm,
urethral stricture

Introduction
For some transgender men, genital gender-affirming surgery
(gGAS) is the last step in the complex and multidisciplinary
treatment of gender dysphoria [1]. The gGAS typically offered
to them is phalloplasty or metoidioplasty, both of which can
be performed with or without urethral lengthening (UL). If the
ability to void in standing position is desired, UL during gGAS

is mandatory [2, 3]. In our institution, between 2004 and 2018,
66% of transgender men underwent gGAS with UL [4].

After gGAS with UL, the neourethra consists of the native,
fixed, and pendulous urethra, as shown in Figure S1. The
anastomosis between the native and fixed urethra is the
proximal urethral anastomosis (PUA), situated at the

© 2021 The Authors
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Surgical outcomes and proposal for a treatment algorithm for urethral strictures
in transgender men

literature, a HMP should only be applied in short, relatively
simple urethral strictures after phalloplasty and
metoidioplasty [10,12].

Excision and Primary Anastomosis (EPA)

An EPA was most performed in our present study in short
and longer urethral strictures (<2.5 cm), with an overall
success rate of 54%. Compared to a HMP, which was mainly
performed in short urethral strictures (<1.5 cm), the
difference in success rates may also be biased due to the
patency of urethral strictures. While pinpoint strictures can
be treated with an EPA or other techniques of urethroplasty,
there is a necessity for a partially patent urethra in a HMP.
This clinical difference in severity of urethral strictures may
influence the outcome of success rate analysis. A comparable
success rate (57%) after an EPA was found in recent
literature with patients following phalloplasty [10,13]. In our
present study, there was a non-significant difference in
success rates between patients after phalloplasty (46%) and
metoidioplasty (78%). This difference may be caused by the
inability to mobilise urethral ends during surgery (especially
in the pendulous urethra) and the degree of blood perfusion

in the periurethral tissue that affects the recovery [9,11]. In
all patients, a slight decrease in performed EPA
urethroplasties was noted over the years (Fig. 2), due to
change in treatment preferences based on success rates. We
recommend that an EPA is only performed in short (<1 cm)
and relatively simple urethral strictures after metoidioplasty
and is not used as a treatment option after phalloplasty.

Graft and Pedicled Flap Urethroplasty

In longer and more complicated (e.g. more scarred, recurrent,
infectious, or located in less vascularised periurethral tissue)
strictures, graft, pedicled flap or two-stage urethroplasties
were performed. A BMG was performed more often in
patients after metoidioplasty, with a success rate of six of six.
After metoidioplasty, less local tissue is available for a
pedicled flap, and the fixed and pendulous urethra are better
vascularised for augmentation with a graft, which is sutured
as a dorsal inlay on the well-vascularised tunica of the clitoral
body [12]. Accordingly, BMG urethroplasty is recommended
for longer and more complicated strictures after
metoidioplasty. A pedicled flap was used more often in
patients after phalloplasty, with a success rate of 11/15 (73%).

Obstructive voiding symptoms*

Uroflowmetry

Qmax < 15 mL/s†

RUG and/or
urethroscopy‡

After
phalloplasty

Short
(< 0.5 cm)

Short
(< 1 cm)

Long (≥ 1 cm)
and/or

complicated§

Long (≥ 1.5 cm)
and/or

complicated§

Intermediate
(0.5 –1.4 cm)

HMP
or

EPA

One or two-
stage BMG

urethroplasty

Pedicled flap
or two-stage

urethroplasty#

HMP or
Pedicled flap or

two-stage
urethroplasty#

HMP

After
metoidioplasty

Conservative
management or

finding other
causes

Qmax ≥ 15 mL/s†

Fig. 3 Urethral stricture treatment algorithm advised time interval between consecutive operations for urethral (re-)strictures of at least 6 months, also in
case of a two-stage urethroplasty. *Hesitancy, poor urinary stream, or incomplete bladder emptying. †Maximum flow rate, thresholds for BOO derived
from cisgender men. ‡Urethroscopy is performed in case a RUG is inconclusive or unavailable. §Recurrent, refractory, infectious, or more scarred
urethral strictures, or located in less vascularised periurethral tissue. #Depending on the severity of a urethral stricture, the two-stage technique can be
combined with a graft urethroplasty.
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69% were able to void while standing
- 60% after one
- 20% after two
- 6% after three
- 8% after four
- 4% after five or
- 2% after seven procedures

highest success rates:
- short urethral strictures: Heineke-Mikulicz

procedure
- longer or more complicated urethral strictures:

two-stage with graft,
two-stage without graft,
pedicled flap and
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grafts: buccal mucosa / full-thickness skin
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‘Modified Phallourethroplasty’ as a Surgical Alternative to
Phalloplasty With Urethral Lengthening: Technique, How We Present
This Option to Patients, and Clinical Outcomes

Shannon M. Smith, MD, MPH,1,3 Nance Yuan, MD,2 Grace Lee, PA-C,1,3 Jenna Stelmar, BS,1 Edward Ray, MD,3,4 and
Maurice M. Garcia, MD, MAS1,3,5

ABSTRACT

Background: Most complications after masculinizing genital gender-affirming surgery (gGAS) are associated
with urethral lengthening (+UL). While many transmasculine patients desire +UL for standing urination, not all
patients prioritize this benefit over the significantly increased risk of complications. Currently, phalloplasty with-
out UL (!UL) appears to be seldom offered, and previous !UL techniques create genital anatomy that is visibly
different from the anatomy created by phallourethroplasty+UL (P+UL).

Aim: To describe a novel surgical technique to create a normal-appearing phallus tip, scrotum, and perineal ure-
thral opening that avoids urethral complications associated with +UL.

Methods: We describe our surgical technique and approach to patient counseling. We report patient satisfaction
outcomes from the first cohort of patients to undergo this ‘modified phallourethroplasty’ (!UL) approach to
date.

Outcomes: Among patients who elected phalloplasty over metoidioplasty, 13/40 (32.5%) patients elected P!UL.
Prior to 1/2020, before we standardized how we presented this option to patients, 17.4% elected this option. Of
the patients that elected P!UL, 8 have completed first-stage and 7 have completed second-stage surgeries.

Results: All patients that have undergone P!UL have expressed satisfaction with body image and urinary func-
tion. Among patients asked to rank which of 14 preoperative factors were most important (1 = most important,
14 = least important), having a normal-appearing phallus (mean rank 4.14) and minimizing complications (mean
rank 8.14) were ranked more highly than ability to urinate in a standing position (mean rank 9.14). When asked
what factors most influenced their choice to have !UL (ranked from 1 to 9), elimination of risks was rated the
most important (mean rank 2.71) and expected decrease in risk of needing revision surgery was rated the second
most important (mean rank 3.57).

Clinical Implications: The significant reduction in +UL-related complications decrease morbidity, urgent revi-
sion surgeries, and cost to our healthcare system.

Strengths and Limitations: Strengths include a novel technique that provides a surgical alternative to P+UL
that eliminates the majority of phalloplasty related postoperative complications. Limitations include the small
number of patients who have completed first and second stage surgery, and short follow up time.

Conclusion: It is important to understand what factors drive individual patients’ choices. Patients considering mascu-
linizing gGAS should be offered both +UL and !UL options. The costs and benefits of each option should be pre-
sented objectively and in the context of each patient’s unique priorities and needs. Smith SM, Yuan N, Lee G, et al.
‘Modified Phallourethroplasty’ as a Surgical Alternative to Phalloplasty With Urethral Lengthening: Technique,
HowWe Present This Option to Patients, and Clinical Outcomes. Sex Med 2022;10:100495.

Received November 30, 2021. Accepted January 21, 2022.
1Cedars-Sinai Medical Center, Los Angeles, Division of Urology, Los
Angeles, CA, USA;
2Huntington Plastic Surgery Institute, Pasadena, CA, USA;
3Cedars-Sinai Transgender Surgery and Health Program, Los Angeles, CA,
USA;
4Cedars-Sinai Medical Center, Los Angeles, Division of Plastic Surgery, Los
Angeles, CA, USA;

5University of California San Francisco, Department of Urology and Depart-
ment of Anatomy, San Francisco, CA, USA

Copyright © 2022, International Society of Sexual Medicine. Published by
Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
https://doi.org/10.1016/j.esxm.2022.100495

Sex Med 2022;10:100495 1

SEXUAL MEDICINE



‚Modified Phallourethroplasty‘ as a surgical alternative to phalloplasty
with urethral lengthening

Surgery Decision-Making Questionnaire
Patients who elected P!UL were invited to complete a 28-

item questionnaire (Table 1) querying their individual priorities
regarding results and outcomes they most wanted to achieve
(and to avoid) with surgery, their priorities regarding their own
surgery pathway, and other domains related to their own surgical
decision- making. The questionnaire was administered using the
anonymous online platform Qualtrics XM (Qualtrics XM, UT,
USA). This research study was reviewed and approved by our
Institutional Review Board (IRB).

Overview of Our “Modified Phallourethroplasty”
Technique

We perform phalloplasty, both +UL and !UL, in two stages.
With “Modified Phallourethroplasty,” which describes the !UL
option, at Stage I we construct the phallus complete with a short
(blind-ending) distal urethra.

Surgical Technique

Stage I. The donor flap template for P!UL for either the ALT
(left), or RFF (right), is similar to the template used for P+UL,
with the exception that only the distal »2.5 cm of the urethral
segment (U) is included (Figure 1,a). With RFFF, the distal end
of the flap extends to the level of the proximal aspect of the ulnar
styloid process (orange dot). A 1 cm wide strip separating the ure-
thra and phallus segments of the flap is de-epithelialized. With
both P!UL and P+UL, the phallus (P) segment is usually
»9 cm wide distally, 11 cm at midshaft, and 12 cm proximally

(at what will be the base of the phallus). The urethra (U) segment
is 4 cm wide (Figure 1,a).

For P!UL, the urethral segment of the RFF or ALT donor
site is »2.5 cm long. The remainder of the flap urethral segment,
shown in ghosted outline, is not harvested. A triangular area of
skin is de-epithelialized at the proximal end of the shortened ure-
thral segment (blue diagonal hatch lines) to maximize blood-sup-
ply to the urethral segment. The short urethral segment is
tubularized using buried 5-0 Monocryl deep dermal sutures. To
prevent urethral prolapse, the proximal end of the tubularized
urethra is anchored to the dermis of the triangular de-epithelial-
ized area just proximal to the urethra. As an alternative, when a
flap is especially thin (and threatens to yield an unacceptably
thin phallus), the proximal portion of the urethral segment can
be de-epithelialized and retained to add bulk to the phallus.

At the end of Stage I surgery, the phallus tip has a normal
appearing urethra and phallus tip (preglansplasty). The phallus is
visibly indistinguishable from what is created with P+UL
(Figure 1b).

Stage II. Stage II is performed ≥ 4 months after Stage I, to
allow sufficient time for healing and tissue perfusion to be estab-
lished. During Stage II we perform 6 key procedures: (1) Vulvec-
tomy; (2)Vaginectomy; (3) Glansplasty; (4) Clitoral
transposition; (5) Perineal urethroplasty; and (6) scrotoplasty.
(Figure 2a)

Vulvectomy is performed to both eliminate “female-appearing”
anatomy and to mobilize tissues that will be preserved for the
urethroplasty and scrotoplasty procedures. A 1-cm. wide cuff of
periurethral mucosa is incised and preserved (Figure 2c). The

Figure 1. Medical illustrations and representative surgical photos of surgery stages I and II.
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junction of the labia minora and majora is outlined in ink
(Figure 2d, dark purple) and incised. The remainder of the mid-
line vulva (purple hatched lines) is excised/discarded, including
the entire labia minora (Figure 2c, d).

Vaginectomy is performed by sharply excising the epithelium
lining »3−4 cm of the posterior and lateral vaginal introitus. A
1-2 cm cuff of vaginal mucosa at the anterior vaginal introitus is
incised and reflected anteriorly. A 1-cm portion at the midline of
this flap is preserved for anastomosis to perineal skin at time of
urethroplasty, the rest is discarded. The vaginal mucosa remain-
ing in the vault is fulgurated with ball-tip electrocautery set to 70
cut to ablate the mucosa. The side walls of the vaginal vault (3
o’clock & 9 o’clock) are then sutured together with interrupted
2-0 PDS sutures, deep to proximal. A suction-drain is left in
place.16 We routinely leave a closed suction drain inside the vagi-
nectomy site, and a 1=4” Penrose drain in the subcutaneous tissue
and exteriorize both drains via separate stab incisions in the peri-
neum.

Glansplasty is performed by a modified approach to the Nor-
folk technique17 (Figure 2b).

Clitoris transposition: The entire clitoris is de-epithelialized
and the glans clitoris is placed into a sub-dartos pouch at the
base of the shaft ipsilateral to the flap’s vascular pedicle, where it
is hidden from view but can be easily stimulated.

Perineal urethroplasty and Scrotoplasty: These are commenced
during vulvectomy. After complete excision of the labia minora,
the lateral edges of the labia majora are incised (Figure 2d, e; blue
hatched lines) from the vaginal introitus (orange asterisk) cephalad,
to the horizon level of the ventral base of the clitoris (yellow aster-
isk). With medial and lateral dissection of the labia majora, it is
important to carry the incisions deep, down to the level of pelvic
fascia, so that all subcutaneous fat remains with the labia majora
skin (Figure 2, e). Next, the vaginectomy is completed by suture
closure. The posterior ends of the full-thickness labia majora
flaps (orange asterisk) are sutured to the anterior midline of the
periurethral mucosa cuff (Figure 2f). The lateral dissection of the

Table 1. Continued

Question # Question stem Question type

Q25 Did you experience any surgical complications that required additional
surgeries to correct?

Multiple choice (one answer)

Q26 Please explain what complication(s) you experienced: Free text
Q27 If you could "go back in time" and choose a specific phalloplasty surgery all

over again, would you still make the same choice: phalloplasty without
urethral lengthening?

Multiple choice (one answer)

Q28 Please explain why you choose <selected answer from Q27>: Free text

Figure 2. Stage II surgery overview and medical illustrations of key steps.
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with the exception that only the distal »2.5 cm of the urethral
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shown in ghosted outline, is not harvested. A triangular area of
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tubularized using buried 5-0 Monocryl deep dermal sutures. To
prevent urethral prolapse, the proximal end of the tubularized
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ized area just proximal to the urethra. As an alternative, when a
flap is especially thin (and threatens to yield an unacceptably
thin phallus), the proximal portion of the urethral segment can
be de-epithelialized and retained to add bulk to the phallus.

At the end of Stage I surgery, the phallus tip has a normal
appearing urethra and phallus tip (preglansplasty). The phallus is
visibly indistinguishable from what is created with P+UL
(Figure 1b).

Stage II. Stage II is performed ≥ 4 months after Stage I, to
allow sufficient time for healing and tissue perfusion to be estab-
lished. During Stage II we perform 6 key procedures: (1) Vulvec-
tomy; (2)Vaginectomy; (3) Glansplasty; (4) Clitoral
transposition; (5) Perineal urethroplasty; and (6) scrotoplasty.
(Figure 2a)

Vulvectomy is performed to both eliminate “female-appearing”
anatomy and to mobilize tissues that will be preserved for the
urethroplasty and scrotoplasty procedures. A 1-cm. wide cuff of
periurethral mucosa is incised and preserved (Figure 2c). The
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junction of the labia minora and majora is outlined in ink
(Figure 2d, dark purple) and incised. The remainder of the mid-
line vulva (purple hatched lines) is excised/discarded, including
the entire labia minora (Figure 2c, d).

Vaginectomy is performed by sharply excising the epithelium
lining »3−4 cm of the posterior and lateral vaginal introitus. A
1-2 cm cuff of vaginal mucosa at the anterior vaginal introitus is
incised and reflected anteriorly. A 1-cm portion at the midline of
this flap is preserved for anastomosis to perineal skin at time of
urethroplasty, the rest is discarded. The vaginal mucosa remain-
ing in the vault is fulgurated with ball-tip electrocautery set to 70
cut to ablate the mucosa. The side walls of the vaginal vault (3
o’clock & 9 o’clock) are then sutured together with interrupted
2-0 PDS sutures, deep to proximal. A suction-drain is left in
place.16 We routinely leave a closed suction drain inside the vagi-
nectomy site, and a 1=4” Penrose drain in the subcutaneous tissue
and exteriorize both drains via separate stab incisions in the peri-
neum.

Glansplasty is performed by a modified approach to the Nor-
folk technique17 (Figure 2b).

Clitoris transposition: The entire clitoris is de-epithelialized
and the glans clitoris is placed into a sub-dartos pouch at the
base of the shaft ipsilateral to the flap’s vascular pedicle, where it
is hidden from view but can be easily stimulated.

Perineal urethroplasty and Scrotoplasty: These are commenced
during vulvectomy. After complete excision of the labia minora,
the lateral edges of the labia majora are incised (Figure 2d, e; blue
hatched lines) from the vaginal introitus (orange asterisk) cephalad,
to the horizon level of the ventral base of the clitoris (yellow aster-
isk). With medial and lateral dissection of the labia majora, it is
important to carry the incisions deep, down to the level of pelvic
fascia, so that all subcutaneous fat remains with the labia majora
skin (Figure 2, e). Next, the vaginectomy is completed by suture
closure. The posterior ends of the full-thickness labia majora
flaps (orange asterisk) are sutured to the anterior midline of the
periurethral mucosa cuff (Figure 2f). The lateral dissection of the
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surgeries to correct?

Multiple choice (one answer)

Q26 Please explain what complication(s) you experienced: Free text
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indistinguishable from P+UL. The overarching goal behind
development of this technique is to offer patients an aesthetically
“normal appearing” option that allows them to forego urethral
lengthening surgery, which is associated with the majority of tra-
ditional phalloplasty-related complications.

We have also identified specific priorities that many transmas-
culine patients weigh as they consider phalloplasty surgery. These
include benefits associated with P!UL: elimination of visible
native female genital anatomy, genital anatomy that is normal
appearing and similar to that with P+UL, preservation of tactile
and erogenous sensation, and a shorter time to completion of all
gGAS surgeries. Our work also identified factors that many
patients seek to avoid with phalloplasty, including genital

anatomy that is visibly different from the standard alternative (P
+UL), risk of postoperative complications requiring post-opera-
tive revision surgeries, loss of sensation, and prominent visibility
of the flap donor site.

At present, there is no single “ideal” procedure for masculiniz-
ing gGAS. Because each individual patient has unique priorities
our findings underscore the importance of providing transmascu-
line patients with a spectrum of options, where different surgical
options favor different priorities.

“Modified phallourethroplasty” fits into a spectrum of estab-
lished surgical alternatives akin to metoidioplasty (as an alternative
to phalloplasty) and shallow-depth vaginoplasty (SDV) (as an alter-
native to full-depth vaginoplasty18), where the alternative

Table 3. Ranked priority factors among patients who elected P-UL over P+UL

Decision-making factor Mean ranking Std. dev. Highest ranking (1−9) Lowest ranking (1−9)

Elimination of risks of complications from +UL 2.7 1.5 1 5
Normal appearing urethral opening at tip of penis 3.6 1.8 1 6
Expected decreased risk of need for revision surgery 3.6 2.1 1 7
Ability to avoid using the forearm as the flap donor site 3.9 2.6 1 8
Urethral opening in perineum is well-hidden behind
scrotum (ie, minimally visible)

4.7 2.7 1 8

Expected decreased total number of clinic visits 6 1.9 3 9
Decreased risk of delay for penile prosthesis implant 6.7 1.5 4 9
Possibility of being able to stand to urinate over a toilet 6.9 2.6 2 9
Elimination of need for suprapubic tube 7 1.4 5 9

Figure 4. Rated importance of surgery decision-making factors for patients who underwent P-UL vs P+UL.
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Abstract. – OBJECTIVE: The aim of this study 
is to compare the risk of venous thromboembol-
ic events (VTE) between patients suspending 
and continuing estrogen therapy perioperative-
ly, in male to female gender-affirming surgery 
(vaginoplasty).

MATERIALS AND METHODS: The authors 
conducted a systematic review and meta-analy-
sis of existing research on male to female gen-
der-affirming study, which compared the risk 
of VTE among the usage of estrogen perioper-
atively.

RESULTS: A total of 209 studies were identi-
fied as potentially eligible among PubMed, Em-
base, and Cochrane library databases. Among 
the studies, 191 studies were excluded due to 
their abstract inappropriateness. Out of the re-
maining 18 studies, only 3 articles were eligi-
ble and were finally included. Meta-analysis was 
performed and showed odds ratio of 0.77 (95% 
CI: 0.04, 14.01). 

CONCLUSIONS: Perioperative estrogen ther-
apy does not increase VTE risk on male to fe-
male gender-affirming surgery. Therefore, es-
trogen therapy may be continued perioperative-
ly in vaginoplasty. More prospective studies are 
needed.

Key Words:
Gender-affirming surgery, Hormone replacement 

therapy, HRT, Vaginoplasty, Transgender, Periopera-
tive estrogen. 

Introduction

Awareness about transgender health and rec-
ognition of their health needs has significantly 
increased over the past few decades. This has 
subsequently led to a steep surge in the med-
ical and surgical offerings in order to cater to 
the well-being and health of the transgender 
society. Within these advancements, there are 
several possible options for treating transgender 
patients, but to sum up, patients usually start with 
hormone replacement therapy and then move 
up to gender affirming surgeries1. While these 
treatment options brought great advancement in 
transgender society, hormonal and surgical treat-
ments have their risks. In hormonal treatments, 
venous thromboembolic events (VTE) is rare 
but is the most consistent and eminent complica-
tion2. A study2 shows that the estrogen-progestin 
trial doubles the risk of VTE, with an actual 
increase of 0.18% points, and the estrogen-only 
trial increases the risk by 33%, with an actual 
increase of 0.07% points. In contrast, in gender 
affirming surgeries, neo-vaginal stenosis was the 
most reported complication (7% to 12% in penile 
inversion vaginoplasty; 1.2% to 43% in bowel 
vaginoplasty), followed by rectal injury such as 
rectovaginal fistula (2% to 4.2%). Other compli-
cations include urethral meatal stenosis (1% to 
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Abstract: Millions of people are affected by pain-related conditions worldwide. Literature has
consistently shown that each individual experiences and perceives pain in a unique manner due to
biological, environmental, and cultural factors in which they have been raised. It has been established
that biological males and females perceive pain differently and that it may be partially explained
by their distinct hormonal profiles since birth, which are only further magnified during puberty.
For biological males, high levels of testosterone have shown to increase their pain threshold; and
for biological females, estrogen fluctuations have shown to increase pain intensity and perception.
However, sex hormones have not been studied in the context of pain treatment or their impact on
biochemical pathways involved in pain perception. For this purpose, the transgender community
serves as a unique population to investigate the impact of hormone replacement therapy on molecular
pathways involved in the perception of pain. The purpose of this review is to explore the biochemistry
of hormone replacement in transgender patients who also have other pain-related conditions such as
headaches, fibromyalgia, temporomandibular myalgia, and visceral pain.

Keywords: sex hormones; hormone therapy; pain; pain perception; pain threshold; gender

1. Introduction
The complex interaction between sex hormones and pain has been widely explored

by multiple authors, ranging from basic science studies examining the changes in pain
neurobiological pathways and pain-related gene expression modification in patients with
different hormonal profiles [1], to clinical studies aiming to decipher whether hormonal
profiles imply clinically observable differences in pain perception scores and impact on the
quality of life [2–4].

Although some controversial results have been found, a literature review of pub-
lished studies implies that estrogens have important effects regulating pain by acting on
intracellular receptors, modifying gene expression and G-coupled proteins distributed
along the central and peripheral nervous systems [5]. Additionally, estrogens appear to
have an influence on other neural pathways related to pain modulation as serotonergic,
noradrenergic, dopaminergic and, the more studied, endogenous opioid pathways. In
general, estrogens are considered to increase in nociception, and well-described effects
have been proved in several pathological conditions such as migraine, fibromyalgia and
tension-headache [3,6,7].

The effects of androgens in nociceptive pathways remains unclear; however, the
androgen receptor distribution throughout the limbic system and the effects in down-
regulation of estrogen receptor expression may be responsible for the accountable clinical
differences in pain perception between the two sexes and genders [8,9], considering the
role of androgens as being protective against a nociceptive stimulus [7].

Differences between hormonal profiles in pain perception have been studied in the
biological females and males, frequently assuming androgens as the main masculine sexual
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ABSTRACT

Introduction: Gender-affirming peritoneal vaginoplasty has been described, and previous descriptions are modi-
fications of the Davydov technique.

Aim: To describe our alternative technique for gender-affirming peritoneal vaginoplasty (PV) using a single-pedi-
cled, urachus-peritoneal hinge flap, discussing proposed advantages.

Methods: Retrospective review of all consecutive transfeminine patients with neovaginal shortening after prior
penile inversion vaginoplasty (PIV) who underwent our PV technique from May 2019 to July 2022. PV was
performed via combined transperineal and laparoscopic (robot-assisted) approaches. After spatulation of the
neovaginal remnant, a midline, inferiorly based urachus-peritoneal hinge flap was elevated craniocaudally from
the umbilicus to the mid-posterior bladder. The free end of the flap was flipped posteriorly and sutured to pos-
terior edge of the open canal remnant, forming a peritoneal pouch. The lateral edges of the pouch were sutured
together for water-tight closure. Patients resumed dilation on POD 6 and douching on POD 10.

Main Outcome Measures: Ten transfeminine patients underwent PV, with good outcomes. We measured:
Pre-op penile and scrotal skin lengths, intra-op tubularized scrotal skin length, pre and post-op vaginal depth and
width (immediate and at last follow-up).

Results: Pre-op: mean neovaginal depth was 9.2cm (SD 1.5); width was 12cm. Immediate post-op: mean depth
was 15.1 cm (SD 2.2 cm, mean net increase: 5.9 cm). At mean follow-up of 18.3 months, mean depth was
12.5 cm (SD 2.1 cm, mean net increase: 3.3 cm) and width was 12 cm. There were no immediate post-op com-
plications. Eight (80%) of the 10 patients report satisfactory vaginal receptive intercourse. The other 2 have not
yet attempted vaginal receptive intercourse.

Clinical Implications: Advantages of the proposed technique over existing techniques include no tension on
peritoneal suture lines and total exclusion of the rectum.

Strengths and Limitations: Strengths include a short learning curve for urologic surgeons with robotic experi-
ence. The study is limited by small sample size.

Conclusions: Our PV technique is a safe and effective option for salvage peritoneal vaginoplasty after primary
PIV. Smith SM, Yuan N, Stelmar J, et al. An Alternative Option for Gender-Affirming Revision Vagino-
plasty: The Tubularized Urachus-Peritoneal Hinge Flap. Sex Med 2022;10:100572.
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Abstract
Introduction Various methods have been described to create a functional neovagina with feminizing (male-to-female) gender 
affirming surgery. Intestinal vaginoplasty using ileal or colon segments confers natural mucus production and greater canal 
depth with primary vaginoplasty. In this work we describe an alternative approach to primary and salvage vaginoplasty using 
right colon. We focus on relative advantages compared to use of other bowel segments, and we review patient outcomes.
Methods Transgender women who had previously undergone primary vaginoplasty underwent laparoscopic right colon 
vaginoplasty at our center between 12/2017 and 7/2019. Demographic, medical, outcome, and satisfaction data was col-
lected and retrospectively reviewed.
Results Twenty-two consecutive transgender women patients underwent laparoscopic right colon vaginoplasty. Mean age 
was 39.3 years. There were two intraoperative complications:1 injury of the ileocolic pedicle, and 1 minor bladder injury. 
Four of 22 patients (18.2%) had short-term complications (< 30 days): 3 had postoperative ileus/small bowel obstruction 
and 1 had intra-abdominal hemorrhage. All were managed conservatively. Six of 22 patients (27.3%) experienced a total of 
14 long-term complications (> 30 days): 1 developed Crohn’s (not involving the neovagina); 1 developed late small bowel 
obstruction (SBO) (managed conservatively); 5 developed neovagina prolapse; 4 developed stenosis (2 at the vaginal introitus, 
and 2 had extrinsic obstruction at the recto-vaginal junction (all underwent successful laparoscopic surgical correction); and 
3 were diagnosed with diversion neovaginitis (all treated conservatively). All complications were successfully treated with 
conservative and/or surgical intervention. All (100%) patients reported satisfaction with neovagina function and appearance.
Conclusion This is the only outcomes series of transgender women patients who have undergone right colon vaginoplasty, 
to date. Our study finding suggests that laparoscopic right colon for primary or salvage vaginoplasty has several important 
advantages over use of Sigmoid colon or Ileum, and is a reliable technique whose complications can be managed success-
fully, with favorable, satisfactory long-term outcomes.

Keywords Right colon · Vaginoplasty · Transgender · Prolapse · Stenosis · Diversion neovaginitis

Today approximately 0.6–0.7% of the U.S. population 
(1.4–1.65 million) identifies as transgender. The majority of 
transgender adults seeking gender affirming surgery report 
their first experience of gender dysphoria before age 7 [1]. 

While it is not known what proportion of these elect genital 
gender affirming surgery, estimates suggest that this num-
ber is significant [2]. Vaginoplasty as a feminizing (male-
to-female) gender affirming surgery was first introduced 
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Figure 2. Peritoneal-epithelium suturing and elevation of urachus-peritoneal flap. A. The midline urachus and peritoneum anterior to the
dilator’s entry site (*) will be incorporated into the hinge flap used to augment vaginal canal depth. B. Before mobilizing the flap, the ante-
rior epithelial edge of the remnant vaginal canal (a; 9:003:00 on a clock-face pattern) is sutured to the anterior peritoneal edge that was
incised as the dilator entry site (a’; 9:00−3:00). C. After suturing a to a’ (green), a 6−8 cm wide flap of peritoneum overlying the urachus
is mobilized and dissected from the anterior abdominal wall in a craniocaudal direction, beginning at the level of the umbilicus (blue arrow),
towards the mid-posterior bladder wall (−Z−).

Figure 3. Peritoneal flap inset. A. Coronal section view of anterior abdominal wall, showing the urachus-peritoneal flap outline (red
hatched line) bordered medially by each of the 2 medial umbilical ligaments. The flap is comprised of 3 layers (superficial to deep): 1. perito-
neum, 2. Urachus, and 3. Transversalis fascia. B. The flap is dissected posteriorly to the level of mid-posterior bladder wall. The cranial end
of the flap (b’) is flipped posteriorly (purple arrow), and the peritoneal edge of b’ is sutured to the peritoneal edge of b (located along the
posterior face of the vaginal canal, 3:00 to 9:00).
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Introduction: Gender-affirming peritoneal vaginoplasty has been described, and previous descriptions are modi-
fications of the Davydov technique.

Aim: To describe our alternative technique for gender-affirming peritoneal vaginoplasty (PV) using a single-pedi-
cled, urachus-peritoneal hinge flap, discussing proposed advantages.

Methods: Retrospective review of all consecutive transfeminine patients with neovaginal shortening after prior
penile inversion vaginoplasty (PIV) who underwent our PV technique from May 2019 to July 2022. PV was
performed via combined transperineal and laparoscopic (robot-assisted) approaches. After spatulation of the
neovaginal remnant, a midline, inferiorly based urachus-peritoneal hinge flap was elevated craniocaudally from
the umbilicus to the mid-posterior bladder. The free end of the flap was flipped posteriorly and sutured to pos-
terior edge of the open canal remnant, forming a peritoneal pouch. The lateral edges of the pouch were sutured
together for water-tight closure. Patients resumed dilation on POD 6 and douching on POD 10.

Main Outcome Measures: Ten transfeminine patients underwent PV, with good outcomes. We measured:
Pre-op penile and scrotal skin lengths, intra-op tubularized scrotal skin length, pre and post-op vaginal depth and
width (immediate and at last follow-up).

Results: Pre-op: mean neovaginal depth was 9.2cm (SD 1.5); width was 12cm. Immediate post-op: mean depth
was 15.1 cm (SD 2.2 cm, mean net increase: 5.9 cm). At mean follow-up of 18.3 months, mean depth was
12.5 cm (SD 2.1 cm, mean net increase: 3.3 cm) and width was 12 cm. There were no immediate post-op com-
plications. Eight (80%) of the 10 patients report satisfactory vaginal receptive intercourse. The other 2 have not
yet attempted vaginal receptive intercourse.

Clinical Implications: Advantages of the proposed technique over existing techniques include no tension on
peritoneal suture lines and total exclusion of the rectum.

Strengths and Limitations: Strengths include a short learning curve for urologic surgeons with robotic experi-
ence. The study is limited by small sample size.

Conclusions: Our PV technique is a safe and effective option for salvage peritoneal vaginoplasty after primary
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Abstract
Introduction Various methods have been described to create a functional neovagina with feminizing (male-to-female) gender 
affirming surgery. Intestinal vaginoplasty using ileal or colon segments confers natural mucus production and greater canal 
depth with primary vaginoplasty. In this work we describe an alternative approach to primary and salvage vaginoplasty using 
right colon. We focus on relative advantages compared to use of other bowel segments, and we review patient outcomes.
Methods Transgender women who had previously undergone primary vaginoplasty underwent laparoscopic right colon 
vaginoplasty at our center between 12/2017 and 7/2019. Demographic, medical, outcome, and satisfaction data was col-
lected and retrospectively reviewed.
Results Twenty-two consecutive transgender women patients underwent laparoscopic right colon vaginoplasty. Mean age 
was 39.3 years. There were two intraoperative complications:1 injury of the ileocolic pedicle, and 1 minor bladder injury. 
Four of 22 patients (18.2%) had short-term complications (< 30 days): 3 had postoperative ileus/small bowel obstruction 
and 1 had intra-abdominal hemorrhage. All were managed conservatively. Six of 22 patients (27.3%) experienced a total of 
14 long-term complications (> 30 days): 1 developed Crohn’s (not involving the neovagina); 1 developed late small bowel 
obstruction (SBO) (managed conservatively); 5 developed neovagina prolapse; 4 developed stenosis (2 at the vaginal introitus, 
and 2 had extrinsic obstruction at the recto-vaginal junction (all underwent successful laparoscopic surgical correction); and 
3 were diagnosed with diversion neovaginitis (all treated conservatively). All complications were successfully treated with 
conservative and/or surgical intervention. All (100%) patients reported satisfaction with neovagina function and appearance.
Conclusion This is the only outcomes series of transgender women patients who have undergone right colon vaginoplasty, 
to date. Our study finding suggests that laparoscopic right colon for primary or salvage vaginoplasty has several important 
advantages over use of Sigmoid colon or Ileum, and is a reliable technique whose complications can be managed success-
fully, with favorable, satisfactory long-term outcomes.
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Today approximately 0.6–0.7% of the U.S. population 
(1.4–1.65 million) identifies as transgender. The majority of 
transgender adults seeking gender affirming surgery report 
their first experience of gender dysphoria before age 7 [1]. 

While it is not known what proportion of these elect genital 
gender affirming surgery, estimates suggest that this num-
ber is significant [2]. Vaginoplasty as a feminizing (male-
to-female) gender affirming surgery was first introduced 
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Mobilization of the right colon (representative 
video was presented at the 2019 SAGES meeting)

We use four laparoscopic trocars (Fig. 1). First, the right 
colon is mobilized fully laterally along the white line of 
Toldt up to and including the hepatic flexure. Then, the 
transverse colon proximal to the middle colic artery is fully 
mobilized from the adjacent stomach, duodenum, gallblad-
der, and liver. This is executed with a combination of blunt 
and sharp dissection and an energy device (Ligasure). The 
omentum is dissected away from the proximal half of the 
transverse colon to minimize bulk.

Creation of the vaginal canal space

After we have confirmed availability of an adequate graft 
segment, we proceed with the transvaginal portion of the 
surgery to establish a canal space between the vaginal introi-
tus and the pelvis. We begin by excising a circular segment 
of skin (12.5 cm) centered over the planned location of the 
new vaginal introitus. If the patient has previously under-
gone creation of a vaginal canal, it is important to consider 
that remnant vaginal canal epithelial lining can produce 
infection and hair, and because it is often scarred, bulky 
obstruction. It is essential to either sharply excise or ablate 
any viable remnant epithelium (Fig. 2).

When there is no remnant vaginal canal space, we estab-
lish a new canal by the same technique we use for all of 
our primary vaginoplasties which include canal creation: 

we insert an 18 Fr male urethral sound to reach the blad-
der neck, and, while using the tip of the sound to push the 
bladder-neck/prostate posteriorly we push the handle of the 
sound cephalad. This displaces the entire prostate gland 
posteriorly from behind the pubic symphysis (where it can 
be easily be palpated via the perineal wound), and it rotates 
the prostate apex anteriorly, such the posterior aspect of 
the prostate apex can be palpated easily by the tips of the 
surgeon’s index and middle fingers.

Next, at midline 0.5–1 cm from the posterior aspect of the 
prostate-apex (urethra), we use fine-tip bi-polar electro-cau-
tery and scissors to dissect directly onto the prostate capsule; 
we extend this dissection laterally to the prostate’s lateral 
margins. We then lay the flat blade-tip of a Simon retractor 
onto the exposed prostate capsule, and, while gently push-
ing the retractor blade onto the prostate, we simultaneously 
relax and withdraw the urethral sound from the urethra. As 
we do this, the prostate retreats anteriorly, and the retractor 
slides cephalad along the natural avascular plane anterior to 
Denonvillier’s Facia and posterior to the prostate/bladder. 
Using a Foerster Sponge Forceps, we dissect cephalad to the 
origin of Denonvillier’s Fascia: the vesico-rectal peritoneal 
reflection (Pouch of Douglas).

Completion of passage between the vaginal canal 
space and the pelvis

Before we incise the peritoneal reflection, we fill the blad-
der with 180 mL of saline to delineate its inferior border. 

Fig. 1  Laparoscopic trocar sites, covered post-operatively by Steri-
Strips™, and their diameter. (C Camera)

Fig. 2  It is feasible to resect the entire vaginal canal lining (shown) 
by meticulous sharp scissor dissection adhering closely to the epithe-
lium to separate it from surrounding tissues and aided by intermittent 
guidance from a gloved finger in the rectum to help prevent rectal 
injury

5646 Surgical Endoscopy (2021) 35:5643–5654

1 3

A dilator introduced into the canal-space “tents-up” the 
peritoneum of the recto-vesical fold (Fig. 3a). Next, we 
measure the distance (“D”) between the vaginal introi-
tus and the rectovesical fold. We insert a Penrose drain 
(marked with 1-cm. marker-lines) into the abdomen and 
use the “D” measurement and ruler to confirm that the end 
of the segment of colon we plan to harvest will reach the 
vaginal introitus.

Upon confirmation, we then use hook-electrocautery 
(mode: cut) to incise the peritoneal reflection horizontally 
directly upon the dilator-tip (to minimize risk of collateral 
injury). Progressively larger-diameter dilators are inserted 
and turned in different directions to better expose and 
incise the peritoneum-edges surrounding the entry site, 
and thereby widen the passage (Fig. 3B).

Harvest of the right colon segment

Next, we complete preparation of the mobilized colon 
segment (Fig. 4). We perform appendectomy. Next, the 
mesentery to the terminal ileum is divided inferior to the 
ileocolic vessels, taking great caution not to compromise 
the ileocolic vascular pedicle to the ultimate neovagina. 
The mesentery of the transverse colon together with the 
left branch of the middle colic artery is ligated proximal to 
the middle colic arterial trunk. At this point, the terminal 
ileum and the proximal transverse colon are divided.

The right colon is then turned 180 clockwise and the 
cut end of the transverse colon is pulled into the pel-
vis and grasped gently by a Babcock clamp introduced 
through the peritoneal opening in the recto-vesical fold 
(Fig. 5). Clockwise rotation of the right colon is preferred 
to counterclockwise rotation, as this leads to less kinking 
and relieves tension of the accompanying vascular pedi-
cle. Proper orientation of the colon-segment is ensured by 
orienting the tinea to the 12 O’clock position. It is very 
important to observe the vascular pedicle as this is done, 
to ensure that excessive traction (which could avulse the 
pedicle) is not applied.

Anastomosis of the distal colon segment 
at the vaginal introitus

The stapled end of the distal colon segment is trimmed away 
flush to the introitus, and the colon is sutured to the circular 
skin edge surrounding the introitus using interrupted full-
thickness 2-0 Vicryl sutures.

Ileocolic anastomosis and pexy of neovagina colon 
segment

An intra-corporeal side-to-side ileo-transverse colon anas-
tomosis is then undertaken. After making a colotomy and 
an enterotomy, an endo-GIA stapler is used to create the 
common opening between the ileum and the colon. Then, 
the anastomosis is completed by suturing closed the open-
ing in the bowel in a 2-layered fashion using 3-0 braided, 
absorbable sutures. Finally, the back end of the neovagina 
is pexy’d to the right lateral abdominal wall using two inter-
rupted 2-0 permanent braided sutures to prevent prolapse of 
the neovagina. Lastly, endoscopy of the colon neovagina is 
performed through the vaginal introitus, to wash out fecal 
material, assess overall viability/rule-out ischemia, and to 
rule out staple line leak or dehiscence. A vaginal packing 
(moistened with Silvadene crème) was left inside the distal-
half of the colon neovagina (to tamponade potential bleeding 
from the colon-cutaneous anastomosis).

Fig. 3  A The tip of a dilator inserted via the vaginal canal space 
elevates the center of the recto-vesical peritoneal reflection (Pouch 
of Douglas). Before cutting through the peritoneal reflection here, 
the bladder margins are identified by filling the bladder with saline. 
A laparoscopic hook-cautery instrument (mode: cut) incises the peri-
toneal reflection horizontally (green hatched line). B Successively 
larger-diameter dilator instruments (orange) can be passed into the 
pelvis. The dilator can be angled to better expose the peritoneum sur-
rounding its entry site, so that the peritoneum can be incised at multi-
ple sites in a radial fashion, to ensure easy and unobstructed passage 
of the largest dilator into the pelvis (Color figure online)
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Routine post-operative management

Postoperatively, patients were enrolled in the enhanced 
recovery after surgery (ERAS) pathway. They were placed 
on a clear liquid diet on postoperative days (POD) 0 and 
1 and advanced to a solid diet on postoperative day 2. No 
nasogastric or intraoperative drains were placed. Patients 
were maintained on bedrest per discretion of the Urology 
team for 48 h and then mobilized three times a day (TID) 
thereafter. Pain control was multimodal with around the 
clock Gabapentin, Tylenol, and as needed Tramadol mod-
erate to severe pain and IV Dilaudid for breakthrough.

If the patient had already had a bowel movement, the 
vaginal packing and urethral catheter were removed on 

POD #5. Patients were taught how to perform (and under-
went) vaginal dilation on POD #5.

Patient satisfaction with outcomes

Patients completed two 5-point Likert scale invento-
ries > 3 months after their surgery (or last revision sur-
gery) which queried their satisfaction with the function 
of their vaginal canal and the appearance of their vaginal 
opening. (Very satisfied = 5, Satisfied = 4, Neutral (neither 
satisfied or dissatisfied) = 3, Dissatisfied = 2, and Very 
Dissatisfied = 1).

Fig. 4  Ascending and proximal 
transverse colon (green) are 
mobilized. Appendectomy is 
performed (solid double red 
lines). While the Ileocolic artery 
is preserved, the right colic 
artery, and the right branch 
of the middle colic artery are 
divided. Only after confirming 
reach of proximal transverse 
colon to the vaginal introitus 
are the terminal ileum (hatched 
red line) and the proximal trans-
verse colon divided (B-b′). The 
stapled end of the transverse 
colon is brought to the vaginal 
introitus. The terminal ileum 
(a′) is anastomosed to the distal 
transverse colon (b′) (Color 
figure online)
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ABSTRACT

Introduction: Gender-affirming peritoneal vaginoplasty has been described, and previous descriptions are modi-
fications of the Davydov technique.

Aim: To describe our alternative technique for gender-affirming peritoneal vaginoplasty (PV) using a single-pedi-
cled, urachus-peritoneal hinge flap, discussing proposed advantages.

Methods: Retrospective review of all consecutive transfeminine patients with neovaginal shortening after prior
penile inversion vaginoplasty (PIV) who underwent our PV technique from May 2019 to July 2022. PV was
performed via combined transperineal and laparoscopic (robot-assisted) approaches. After spatulation of the
neovaginal remnant, a midline, inferiorly based urachus-peritoneal hinge flap was elevated craniocaudally from
the umbilicus to the mid-posterior bladder. The free end of the flap was flipped posteriorly and sutured to pos-
terior edge of the open canal remnant, forming a peritoneal pouch. The lateral edges of the pouch were sutured
together for water-tight closure. Patients resumed dilation on POD 6 and douching on POD 10.

Main Outcome Measures: Ten transfeminine patients underwent PV, with good outcomes. We measured:
Pre-op penile and scrotal skin lengths, intra-op tubularized scrotal skin length, pre and post-op vaginal depth and
width (immediate and at last follow-up).

Results: Pre-op: mean neovaginal depth was 9.2cm (SD 1.5); width was 12cm. Immediate post-op: mean depth
was 15.1 cm (SD 2.2 cm, mean net increase: 5.9 cm). At mean follow-up of 18.3 months, mean depth was
12.5 cm (SD 2.1 cm, mean net increase: 3.3 cm) and width was 12 cm. There were no immediate post-op com-
plications. Eight (80%) of the 10 patients report satisfactory vaginal receptive intercourse. The other 2 have not
yet attempted vaginal receptive intercourse.

Clinical Implications: Advantages of the proposed technique over existing techniques include no tension on
peritoneal suture lines and total exclusion of the rectum.

Strengths and Limitations: Strengths include a short learning curve for urologic surgeons with robotic experi-
ence. The study is limited by small sample size.

Conclusions: Our PV technique is a safe and effective option for salvage peritoneal vaginoplasty after primary
PIV. Smith SM, Yuan N, Stelmar J, et al. An Alternative Option for Gender-Affirming Revision Vagino-
plasty: The Tubularized Urachus-Peritoneal Hinge Flap. Sex Med 2022;10:100572.
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Orgasm Quality Pre Vs Post PV
Eight of the 10 patients (80%) endorsed good orgasm and

masturbatory function. Five of the 10 patients (50%) have
reported satisfactory vaginal receptive intercourse with male part-
ners. Five of the 10 patients (50%) have not had receptive sexual
intercourse. Four of these 5 patients plan to have receptive vagi-
nal intercourse in the future, but 1 patient does not desire to.
(This patient is currently with a female partner and does not
practice receptive vaginal intercourse; however, she reports “sig-
nificantly improved” sexual function and satisfaction due to
improved body image.

Regarding orgasm quality, of the 8 patients who were able to
achieve orgasm after PV, 25% reported that their orgasm quality
remained the same, 50% reported the quality was slightly
improved, and 25% reported that their orgasm quality was sig-
nificantly improved as compared to immediately before PV. The
remaining 2/10 patients in our series reported that they were
never able to achieve orgasm at any time, including before their
primary PIV, after PIV, and after PV (Figure 4A).

Eight of 10 patients (80%) reported that they were satisfied
with their vaginal depth after PV (Figure 4B), while 1/10
patients (also incapable of achieving orgasm pre or post PV)
wanted greater depth, and 1/10 patients did not plan to undergo
receptive vaginal intercourse.

Assessment of Vaginal Moisture With Mental and
Physical Sexual Arousal After PV

Five of our patients (50%) reported that they did not experi-
ence any vaginal “wetness,” after their initial PIV. Post-PV, 7
of the 10 patients (70%) reported occasional to frequent

subjective sensation of increased vaginal wetness with sexual
arousal (Figure 5A). The other 3 patients (30%) stated that they
did not notice increased vaginal wetness with sexual arousal. One
of the latter clarified that while she did not experience vaginal
wetness with sexual arousal, she did feel increased wetness specifi-
cally with masturbation.

Of the 5 patients that reported vaginal moisture before PV, 1/
5 patients reported that they have less moisture after PV than
they had with PIV, 1/5 patients reported that they had the same
amount, and 3/5 patients reported that they had more moisture
after PV than they did after PIV (2 reported “slightly more” and
1 reported “significantly more” moisture) (Figure 4B).

Assessment of Body Image and Satisfaction With
Vaginal Depth After PV

Eight of 10 patients (80%) reported same or improved body
image after PV. It is interesting to note that 7 of 10 patients
(70%) reported being bothered by the appearance of the abdomi-
nal laparoscopy scars, with 4 of the 7 reporting that they are
“extremely bothered”. One patient reported worsened body
image, as the patient works as a model and is bothered by the
appearance of her abdominal scars which have become keloids.
For this reason, she stated that she would not choose to undergo
PV again. Eight of 10 patients (80%) reported that, if given the
opportunity to go back in time, that they would choose again
to undergo PV to treat neovaginal stenosis and loss of depth
(Figure 4D).

Based on our data, improvements in vaginal depth can greatly
help improve sexual satisfaction and function for patients that
have suffered complications of neovaginal shortening. It is

Figure 4. a) Change in orgasm quality after PV. (n = 8 because two patients reported that they could not orgasm prior to their initial sur-
gery, and had not been able to orgasm after their primary PIV or revision PV.); b) Vaginal depth was satisfactory for 8 of the 10 patients
at last follow up; c) 70% of patients report being bothered by the abdominal laparoscopy scars, with 40% of patients being extremely
bothered. One patient is so bothered by these scars that she stated this as the reason she would not choose to undergo PV again; d) Eight
of 10 patients would choose to undergo PV if they had the opportunity to choose again.
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the models are built, and the errors are calculated. At 100

iteration, we find acceptable and best error. For volume

prediction model, mean R2 error and RMSE were 0.93 and
62.4, respectively (Table 3). For weight prediction model,

mean R2 error and RMSE were 0.92 and 60.2, respectively
(Table 4).

Discussion

The non-geometric shape of the breast makes it difficult to

calculate its volume. Due to lack of consensus over the
accepted method of breast volume measurement, most

surgeons rely on subjective estimation [9]. Preoperative

subjective breast volume estimation and judgment is not
accurate. Usually, small breast volumes were overesti-

mated, and large volumes were underestimated [10]. A

Fig. 2 Preoperative measurements. Straight red line shows breast
width (1), straight gray line shows sternal notch to nipple (2), curved
yellow line shows breast vertical perimeter at lower half. Breast
vertical perimeter at lower half (BVPL) is recorded in sitting position
while the patient is bent forward about 30! to 45!. (3), curved green
line shows distance on the anterior surface of the breast from anterior
axillary line to medial border of the breast, parallel to the IMF plane

(4), curved brown line shows upper pole, the distance between nipple
and upper border of the breast (5), curved blue line around chest,
shows chest perimeter at the level of nipple (6), curved dark blue line
shows nipple to IMF distance. Another measurement is the perimeter
of chest at the level of IMF, for this measurement the tape rule was
placed under the breast and perimeter of the chest was measured

Table 1 Descriptive statistics
for anthropomorphic
measurements

N Minimum Maximum Mean SD

Descriptive statistics

Breast width 63 10.00 19.50 13.83 1.62

Nipple to IMF 65 4.00 15.00 8.90 2.22

Sternal notch to nipple 66 18.00 29.00 23.37 2.47

Ant axillary line to medial border 62 12.00 28.00 18.70 4.55

Upper pole 65 6.00 14.50 10.61 2.09

Chest perimeter (nipple) 66 75.00 114.00 94.10 8.34

Chest perimeter (IMF) 66 68.00 104.00 81.40 8.22

Volume 66 145.00 930.00 454.84 204.02

Weight 66 140.00 913.00 450.92 193.85

Breast vertical perimeter at lower half 61 17.00 32.00 23.27 3.76

Age 66 20.00 39.00 27.56 4.78

Body Mass Index (BMI) 65 18.92 34.53 25.31 3.57
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and after that upper pole, SNN and nipple to IMF had the

most correlation with volume, respectively (Table 2).
Python CatBoost regressor used all eight anthropometric

variables. We did not include BMI and just used the breast

measurements. The final predictive formula is as follows:

Breast volume ¼ ðbreast widthÞ $ 24:69
þ ðnipple to IMFÞ $ 49:03
& ðsternal notch to nippleÞ $ 1:34
þ ðanterior axillary line to medial borderÞ
$ 6:57& ðupper poleÞ $ 1:27
& ðchest perimeter IMFÞ $ 5:63
þ ðchest perimeter nippleÞ $ 10:40
þ ðbreast vertical perimeter at lower halfÞ
$ 9:20& 1133:74

Based on the similar algorithm, another formula was

built for breast weight prediction as follows:

Estimated Weight ¼ ðBreast widthÞ $ 22:43
þ ðNipple to IMFÞ $ 47:12
& ðSternal notch to nippleÞ $ 0:34
þ ðAnterior axillary line to medial borderÞ
$ 5:66& ðupper poleÞ $ 0:46
& ðchest perimeter IMFÞ $ 6:99
þ ðchest perimeter nippleÞ $ 10:67
þ ðBVPLÞ $ 7:746& 996:35

Regarding the dataset, we validated the model in
fivefold cross-validation instead of routine tenfold cross-

validation. The training group and testing group were

separated so the estimation and errors are closer to reality.
It means that the data that were used for model test were

not used for prediction model training. The CatBoost

algorithm repeated this training and testing operation
multiple times (Iteration), and the average errors were

estimated. The r2 and RMSE both were used for accuracy

assessment and errors. At different iterations (10, 50, 100),

Fig. 1 Pre- and postoperative photograph at 2 months after bilateral mastectomy and free nipple graft

123

Aesth Plast Surg

and after that upper pole, SNN and nipple to IMF had the

most correlation with volume, respectively (Table 2).
Python CatBoost regressor used all eight anthropometric

variables. We did not include BMI and just used the breast

measurements. The final predictive formula is as follows:

Breast volume ¼ ðbreast widthÞ $ 24:69
þ ðnipple to IMFÞ $ 49:03
& ðsternal notch to nippleÞ $ 1:34
þ ðanterior axillary line to medial borderÞ
$ 6:57& ðupper poleÞ $ 1:27
& ðchest perimeter IMFÞ $ 5:63
þ ðchest perimeter nippleÞ $ 10:40
þ ðbreast vertical perimeter at lower halfÞ
$ 9:20& 1133:74

Based on the similar algorithm, another formula was

built for breast weight prediction as follows:

Estimated Weight ¼ ðBreast widthÞ $ 22:43
þ ðNipple to IMFÞ $ 47:12
& ðSternal notch to nippleÞ $ 0:34
þ ðAnterior axillary line to medial borderÞ
$ 5:66& ðupper poleÞ $ 0:46
& ðchest perimeter IMFÞ $ 6:99
þ ðchest perimeter nippleÞ $ 10:67
þ ðBVPLÞ $ 7:746& 996:35

Regarding the dataset, we validated the model in
fivefold cross-validation instead of routine tenfold cross-

validation. The training group and testing group were

separated so the estimation and errors are closer to reality.
It means that the data that were used for model test were

not used for prediction model training. The CatBoost

algorithm repeated this training and testing operation
multiple times (Iteration), and the average errors were

estimated. The r2 and RMSE both were used for accuracy

assessment and errors. At different iterations (10, 50, 100),

Fig. 1 Pre- and postoperative photograph at 2 months after bilateral mastectomy and free nipple graft
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Abstract
Background Accurate assessment of breast volume is
helpful in preoperative planning and intraoperative judg-

ment in both cosmetic and reconstructive breast surgery. In

this prospective study, a formula was derived using
machine learning algorithm (Gradient Boosted Model).

Method A prospective study was performed on 39 female-

to-male transgender patients. Bilateral mastectomy was
done for all patients. Preoperative anthropometric mea-

surements were performed on 78 breasts of these patients.

Weight of breasts was calculated postoperatively with
digital scale (weight), and then volume of breasts was

calculated with the calibrated container (water displace-

ment technique). Authors built a model based on Python
CatBoostClassifier. Finally, an android application was

built for ease of real-time utilization.

Results Eight anthropometric measurements were col-
lected preoperatively as independent variables. Breast

vertical perimeter at lower half, upper pole, sternal notch to

nipple and nipple to IMF had most correlation with volume
and weight. Based on machine learning model, the fol-

lowing formula established: Breast volume = (breast

width) 9 24.69 ? (nipple to IMF) 9 49.03 - (sternal
notch to nipple) 9 1.34 ? (anterior axillary line to medial

border) 9 6.57 - (upper pole) 9 1.27 - (chest perimeter
IMF) 9 5.63 ? (chest perimeter nipple) 9 10.40 ?

(breast vertical perimeter at lower half) 9 9.20 - 1133.74.

The R2 of the model is 0.93, and RMSE is 62.4.
Conclusion Our formula is an accurate method for pre-

operative breast volume assessment. We built an android

App (Breast Volume Predictor) for the real-time utilization
of resulting formula. It is available at Google Play Store for

free download.

Level of Evidence IV This journal requires that authors
assign a level of evidence to each article. For a full

description of these Evidence-Based Medicine ratings,

please refer to the Table of Contents or the online
Instructions to Authors www.springer.com/00266.

Introduction

Breast volume prediction is not routinely performed pre-

operatively. Accurate assessment of breast volume is of
significance in preoperative planning and intraoperative

judgment in both cosmetic and reconstructive breast sur-

gery in order to obtain symmetry of breasts. Accurate
breast volume assessment would be helpful in preoperative

planning, follow-up results, counseling the patient and also

a useful guide to surgeons in training [1].
Despite the introduction of various methods, there is still

no commonly accepted technique for breast volume mea-
surement. Many have not met the requirements of repro-

ducibility, patient compliance, and cost efficiency [2].

There are different methods of breast volume measure-
ment including mammography, MRI, computed tomogra-

phy, 3D imaging [3], Grossman–Roudner device [4],

thermoplastic casting [5], Archimedes procedure and
anthropometric measurement methods [6]. Mammography,

MRI and 3D imaging are the most accurate methods of

breast volume assessment; however, anthropometric
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1 = breast width

2 = sternal notch to nipple

3 = breast vertical
perimeter at lower half 

4 = distance on the anterior 
surface of the breast

5 = distance between nipple and
upper border of the breast

6 = chest perimeter at 
the level of nipple

7 = nipple to IMF distance
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trees, and each decision tree helps to correct the previous

one. The CatBoost is a new gradient boosting algorithm
presented by Dorogush et al. [8]. We implemented the

CatBoost machine learning algorithm in Python (attach-

ment 1). Our dataset divided into five groups randomly,
four groups were training dataset and one was testing

(validating) dataset. Therefore, the model was tested by

unseen dataset which were not participated in creating the
model (cross-validation technique) [20]. Overfitting can be

effectively controlled by cross-validation technique [20].
Most of the previous studies reported that error of the

models was not ‘true error’ because the training and vali-

dating data were the same. Unlike most previous studies,
Benedetto Longo et al. in their study used cross-validation

to calculate the true error of the model (r2 = 0.73) [21].

Similar to our study, they used the resection specimen
weight as the true dependent variable, and also they build

an App (BREAST-V) for breast volume calculation. But

unlike our study, they did not use Gradient Boosted Model
(CatBoost) for analysis [21].

Among all anthropometric measurement in our study,

the breast vertical perimeter at lower half (BVPL), upper
pole, sternal notch to nipple and nipple to IMF had the

most correlation with volume and weight. Although the

breast vertical perimeter at lower half (BVPL) seems to be
unusual to measure, it was the best indicator in our study.

BVPL is less affected by patient’s height, and it is almost

independent of anatomical features of the patient’s chest.
So it could be a good indicator of breast shape. In Bene-

detto Longo et al. study, SNN (sternal notch to nipple

distance) has the most correlation with breast volume
which was similar to our results.

The variable CPIMF (chest perimeter at the level of

inframammary fold) has the least correlation among others.
The importance of CPIMF is that along with CPN (chest

perimeter at the level of nipple), it is a good indicator of

breast projection. Although Qiao et al. have used breast
projection as a variable in their model, it is difficult to

calculate breast projection directly in ptotic breasts.

We ran the model at 10, 50 and 100 iterations for weight
and volume as dependent variable separately. Best results

were at 100 iterations. The R2 was 0.93 and 0.92 for vol-

ume and weight prediction, respectively (Tables 3, 4). We
also evaluated the model by root-mean-square error

(RMSE). RMSE indicates how close is the observed data to

the model’s predicted value. R2 is a relative measure, and
RMSE is an absolute measure which has the benefit of

being in the same units as the response variable [22]. The

RMSE error for volume prediction and weight prediction
was 62.4 and 60.2, respectively (Tables 3, 4). Figure 3

shows the excellent accuracy of our formula in volume

prediction. Sigurdson and Kirkland formula has R2 = 0.89
[19]. Benedetto Longo et al. formula has R2 = 0.73 [21].

Anthropometric measurements are collected preopera-

tively, and the formula can be applied using a simple cal-

culator or mobile phone. We also built an android App
(Breast Volume Predictor) for the real-time utilization of

resulting formula which is currently available to be

downloaded for free on Google Play Store.
Machine learning based model is an accurate and easy to

perform technique for breast volume prediction. It is cost

benefit and can be done quickly. In this study, resection
specimen is used as the control, while there have been

limited number of studies that conducted with specimen

volume as the control. However, the method needs further
evaluation to find out if it is sensitive enough to detect

postoperative volume changes in older patients and large

ptotic breasts as limitations of study.

Conclusion

Breast volume prediction is invaluable in both aesthetic

and reconstructive beast surgeries. Anthropometric tech-
nique has low cost and can be applied easily. We tried to

increase the accuracy of the method with a new algorithm

of machine learning. We built the machine learning model
in Python, and it is available for others to use (attachment

1). We built an android App (Breast Volume Predictor) for

the real-time utilization of the resulting formula. It is
available at Google Play Store for free download.
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Abstract
Background Accurate assessment of breast volume is
helpful in preoperative planning and intraoperative judg-

ment in both cosmetic and reconstructive breast surgery. In

this prospective study, a formula was derived using
machine learning algorithm (Gradient Boosted Model).

Method A prospective study was performed on 39 female-

to-male transgender patients. Bilateral mastectomy was
done for all patients. Preoperative anthropometric mea-

surements were performed on 78 breasts of these patients.

Weight of breasts was calculated postoperatively with
digital scale (weight), and then volume of breasts was

calculated with the calibrated container (water displace-

ment technique). Authors built a model based on Python
CatBoostClassifier. Finally, an android application was

built for ease of real-time utilization.

Results Eight anthropometric measurements were col-
lected preoperatively as independent variables. Breast

vertical perimeter at lower half, upper pole, sternal notch to

nipple and nipple to IMF had most correlation with volume
and weight. Based on machine learning model, the fol-

lowing formula established: Breast volume = (breast

width) 9 24.69 ? (nipple to IMF) 9 49.03 - (sternal
notch to nipple) 9 1.34 ? (anterior axillary line to medial

border) 9 6.57 - (upper pole) 9 1.27 - (chest perimeter
IMF) 9 5.63 ? (chest perimeter nipple) 9 10.40 ?

(breast vertical perimeter at lower half) 9 9.20 - 1133.74.

The R2 of the model is 0.93, and RMSE is 62.4.
Conclusion Our formula is an accurate method for pre-

operative breast volume assessment. We built an android

App (Breast Volume Predictor) for the real-time utilization
of resulting formula. It is available at Google Play Store for

free download.

Level of Evidence IV This journal requires that authors
assign a level of evidence to each article. For a full

description of these Evidence-Based Medicine ratings,

please refer to the Table of Contents or the online
Instructions to Authors www.springer.com/00266.

Introduction

Breast volume prediction is not routinely performed pre-

operatively. Accurate assessment of breast volume is of
significance in preoperative planning and intraoperative

judgment in both cosmetic and reconstructive breast sur-

gery in order to obtain symmetry of breasts. Accurate
breast volume assessment would be helpful in preoperative

planning, follow-up results, counseling the patient and also

a useful guide to surgeons in training [1].
Despite the introduction of various methods, there is still

no commonly accepted technique for breast volume mea-
surement. Many have not met the requirements of repro-

ducibility, patient compliance, and cost efficiency [2].

There are different methods of breast volume measure-
ment including mammography, MRI, computed tomogra-

phy, 3D imaging [3], Grossman–Roudner device [4],

thermoplastic casting [5], Archimedes procedure and
anthropometric measurement methods [6]. Mammography,

MRI and 3D imaging are the most accurate methods of

breast volume assessment; however, anthropometric
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amirho.rahmani@gmail.com
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the models are built, and the errors are calculated. At 100

iteration, we find acceptable and best error. For volume

prediction model, mean R2 error and RMSE were 0.93 and
62.4, respectively (Table 3). For weight prediction model,

mean R2 error and RMSE were 0.92 and 60.2, respectively
(Table 4).

Discussion

The non-geometric shape of the breast makes it difficult to

calculate its volume. Due to lack of consensus over the
accepted method of breast volume measurement, most

surgeons rely on subjective estimation [9]. Preoperative

subjective breast volume estimation and judgment is not
accurate. Usually, small breast volumes were overesti-

mated, and large volumes were underestimated [10]. A

Fig. 2 Preoperative measurements. Straight red line shows breast
width (1), straight gray line shows sternal notch to nipple (2), curved
yellow line shows breast vertical perimeter at lower half. Breast
vertical perimeter at lower half (BVPL) is recorded in sitting position
while the patient is bent forward about 30! to 45!. (3), curved green
line shows distance on the anterior surface of the breast from anterior
axillary line to medial border of the breast, parallel to the IMF plane

(4), curved brown line shows upper pole, the distance between nipple
and upper border of the breast (5), curved blue line around chest,
shows chest perimeter at the level of nipple (6), curved dark blue line
shows nipple to IMF distance. Another measurement is the perimeter
of chest at the level of IMF, for this measurement the tape rule was
placed under the breast and perimeter of the chest was measured

Table 1 Descriptive statistics
for anthropomorphic
measurements

N Minimum Maximum Mean SD

Descriptive statistics

Breast width 63 10.00 19.50 13.83 1.62

Nipple to IMF 65 4.00 15.00 8.90 2.22

Sternal notch to nipple 66 18.00 29.00 23.37 2.47

Ant axillary line to medial border 62 12.00 28.00 18.70 4.55

Upper pole 65 6.00 14.50 10.61 2.09

Chest perimeter (nipple) 66 75.00 114.00 94.10 8.34

Chest perimeter (IMF) 66 68.00 104.00 81.40 8.22

Volume 66 145.00 930.00 454.84 204.02

Weight 66 140.00 913.00 450.92 193.85

Breast vertical perimeter at lower half 61 17.00 32.00 23.27 3.76

Age 66 20.00 39.00 27.56 4.78

Body Mass Index (BMI) 65 18.92 34.53 25.31 3.57
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Background: Facial Feminization Surgery (FFS) alters bone and soft tissue to feminize facial features of 

transgender females. This study aims to evaluate perceptions of femininity, attractiveness, and ideal surgical 

outcomes in transgender females, non-transgender females and plastic surgeons.

Methods: The data was extracted from a survey of transgender females (n=104), non-transgender females 

(n=192) (completion rate of 48.4%) and plastic surgeons who performed FFS (n=23) (survey response rate of 

31.5%). Five virtually-modified forms of three facial features, the nasal tip width, supratip break, mandibular 

gonial angles, and the composite images of the above features of an individual, assigned male at birth, were 

used. Respondents were requested to select and rank images based on personal perceptions of femininity and 

attractiveness. 

Results: Transgender females chose a narrower nasal tip width as more attractive (P≤0.001), and evaluated 

a more acute supratip angle, and more obtuse mandibular gonial angle as both more feminine and attractive 

(all P≤0.023) compared to non-transgender females. Plastic surgeons chose a more obtuse mandibular gonial 

angle as more feminine (P=0.007) and a more ideal surgical outcome (P=0.046), compared to transgender 

female respondents. In the assessment of composite images, non-transgender female ranked the options with 

more obtuse mandibular gonial angle as more feminine (all P≤0.036) than transgender females. 

Conclusions: Acknowledging the difference in transgender females’ perceptions of facial femininity and 

attractiveness from non-transgender females and plastic surgeons could assist plastic surgeons in managing 

expectations of surgical outcomes. 
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Introduction 

Gender-affirming surgeries (GAS) are a set of genital 
and non-genital surgeries that are essential in the 
multidisciplinary healthcare provision for the transgender 
community (1). The World Professional Association 

for Transgender Health (WPATH) has defined gender-

affirming interventions, treatments, and surgical procedures 
as beneficial and effective in the treatment of gender 

dysphoria and distress caused by the discrepancy between 

a transgender person’s gender identity and sex assigned at 

602
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Study cohort: 
- 104 transgender females & 192 non-transgender females (completion rate: 48.4%
- 23 plastic surgeons who perform FFS (survey response rate: 31.5%)

Five virtually-modified forms of three facial features: a) nasal tip width b) nasal supratip angle c) mandibular gonial angles

modifications were made to the facial features on a 3D photograph of a male Caucasian individual, aged 28 years, without 
any hormone therapy or craniofacial surgery. 

Respondents were presented progressive degrees of change of the facial features

Ranking of images based on personal perceptions of femininity and attractiveness
(1 = most feminine / attractive to 5 = least feminine / attractive)

1) facial features were studied in isolation: respondents were asked to choose the most “feminine” and most “attractive”
2) options 1, 3, 5 for each of the three facial features were combined, to create 9 composite images
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Plastic surgeons involved academically or clinically in 

FFS were first contacted by email in May, and a subsequent 
follow-up email was sent in June 2019. 

Statistical analysis
 

Test of normality was produced using Shapiro-Wilk test 

(SPSS, v.24.0, IBM Corp., Armonk, NY). Independent T 

tests were used when there were 2 categorical variables, and 

ANOVA test if there were more than 2 categorical variables. 

Pearson correlation was used to calculate correlation 

between 2 values with a normal distribution. The r value of 

more than 0.6 considered as strong correlation. The P value 

of less than 0.05 was considered statistically significant.

Results

There were 319 respondents in total and there are three 

main groups in this study for comparison. One hundred and 

four transgender female respondents, 192 non-transgender 

female respondents which include cisgender female (n=93), 

cisgender male (n=88), transgender male (n=4), and non-

binary (n=4) individual respondents, and plastic surgeons 

who perform FFS (n=23, survey response rate: 35.1%). 

Transgender female and non-transgender female groups 

collectively have a survey completion rate is 48.4%. The 

demographics are presented in Tables 1-3. 

Perception of “femininity”, “attractiveness”, and “ideal 
surgical outcome”

There are statistically significant differences of means in 

options chosen as the most feminine and most attractive 

between transgender female, non-transgender female and 

plastic surgeon respondents, depending on the facial feature 

(Table 4). Transgender female respondents considered a more 

Figure 4 Image options of the combinations of nasal width, supratip break and mandibular gonial angle provided to respondents. Options 

1, 3 and 5 of each of the three facial features were combined, to create 9 varying composites images. (A,B,C,D,E,F,G,H,I) refers to images in 
Figure 4. Options A to C, D to F, and G to I, have the same mandibular gonial angle as in options 1, 3 and 5, respectively. Options A,D,G, 

options B,E,H, and options C,F,I, have the same supratip break and width of nasal tip as in the options of 1, 3 and 5, respectively. 

A B C

D

G

E

H

F

I

Perception of femininity and attractiveness in Facial Feminization Surgery



Ann Transl Med 2021;9(7):602 

Annals of Translational Medicine, Vol 9, No 7 April 2021 Page 5 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(7):602 | http://dx.doi.org/10.21037/atm-20-3376

Plastic surgeons involved academically or clinically in 

FFS were first contacted by email in May, and a subsequent 
follow-up email was sent in June 2019. 

Statistical analysis
 

Test of normality was produced using Shapiro-Wilk test 

(SPSS, v.24.0, IBM Corp., Armonk, NY). Independent T 

tests were used when there were 2 categorical variables, and 

ANOVA test if there were more than 2 categorical variables. 

Pearson correlation was used to calculate correlation 

between 2 values with a normal distribution. The r value of 

more than 0.6 considered as strong correlation. The P value 

of less than 0.05 was considered statistically significant.

Results

There were 319 respondents in total and there are three 

main groups in this study for comparison. One hundred and 

four transgender female respondents, 192 non-transgender 

female respondents which include cisgender female (n=93), 

cisgender male (n=88), transgender male (n=4), and non-

binary (n=4) individual respondents, and plastic surgeons 

who perform FFS (n=23, survey response rate: 35.1%). 

Transgender female and non-transgender female groups 

collectively have a survey completion rate is 48.4%. The 

demographics are presented in Tables 1-3. 

Perception of “femininity”, “attractiveness”, and “ideal 
surgical outcome”

There are statistically significant differences of means in 

options chosen as the most feminine and most attractive 

between transgender female, non-transgender female and 

plastic surgeon respondents, depending on the facial feature 

(Table 4). Transgender female respondents considered a more 

Figure 4 Image options of the combinations of nasal width, supratip break and mandibular gonial angle provided to respondents. Options 

1, 3 and 5 of each of the three facial features were combined, to create 9 varying composites images. (A,B,C,D,E,F,G,H,I) refers to images in 
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Table 4 Mean value of options being chosen as the most feminine, the most attractive and the ideal surgical outcome, of nasal tip width, supratip 
break, and mandibular gonial angle, in transgender female, non-transgender female, and plastic surgeons

Anatomic feature Transgender female
Non-transgender female Plastic surgeon 

Mean (SD) P value Mean (SD) P value

Nasal tip width

Most feminine 2.0 (0.9) 2.0 (1.1) 0.667 1.8 (0.7) 0.379

Most attractive 2.2 (0.9) 2.7 (1.1) <0.001** 2.2 (0.8) 0.880

Ideal surgical outcome 2.1 (0.9) – – 2.1 (0.6) 0.983

Supratip break

Most feminine 2.6 (1.0) 3.0 (1.1) 0.003* 2.8 (0.7) 0.420

Most attractive 3.0 (0.7) 3.4 (0.8) 0.003* 3.0 (0.5) 0.730

Ideal surgical outcome 3.0 (0.7) – – 2.9 (0.5) 0.510

Gonial angle

Most feminine 2.0 (1.1) 2.2 (1.4) 0.023* 1.4 (0.6) 0.007*

Most attractive 2.1 (1.1) 2.5 (1.2) 0.020* 1.9 (0.9) 0.203

Ideal surgical outcome 2.1 (1.1) – – 1.7 (0.8) 0.046*

*, P<0.05; **, P<0.001.

P≤0.001) as more attractive than non-transgender female 
respondents. Differences in mean of the supratip break and 
nasal tip (0.4 to 0.5) between the two respondents groups 
in perceptions of femininity and attractiveness are larger 
than the corresponding differences in means of the gonial 
angle (0.2 to 0.4) between transgender females and non-
transgender female respondents. The perceptions between 
plastic surgeons and transgender female respondents were 
mostly similar (Table 5) except plastic surgeons considered 
a more obtuse gonial angle as more feminine and a 
more ideal surgical outcome than transgender female 
respondents (2.0±1.1 vs. 1.4±0.6, P=0.007; 2.1±1.1 vs. 
1.7±0.8, P=0.046). 

Ranking of composite photographs in determining 
femininity

Non-transgender females consistently ranked composite 
images that have more obtuse gonial angles as more 
feminine. The mean rank of options chosen by non-
transgender female respondents decreased from 5.7 (±3.0, 
SD) for option A to 3.8 (±3.2) for option I, option A to 
I of increasingly obtuse mandibular gonial angles. The 
relationship between increasingly obtuse gonial angles 
and increasing femininity is linear (Figure 5). In contrast, 
the mean rank of options chosen by transgender female 
respondents ranged narrowly from 4.7 (±2.5) to 5.3 (±1.8) 

Table 5 Relative impact of lower mean of more expectedly feminine option indicating narrower nasal tip width, more acute supratip break, 
more obtuse gonial angle chosen on femininity, attractiveness and ideal surgical outcome by transgender female, non-transgender female, plastic 
surgeon respondents

Anatomic feature

Femininity Attractiveness Ideal surgical outcome

Transgender 
female

Non-transgender 
female

Plastic 
surgeon

Transgender 
female

Non-transgender 
female

Plastic 
surgeon

Transgender 
female

Plastic 
surgeon

Narrow nasal tip width ++ ++ +++ +++ ++ +++ ++ ++

Acute supratip break +++ + ++ +++ ++ +++ ++ +++

Obtuse gonial angle ++ + +++ ++ + +++ ++ +++

+, low; ++, moderate; +++, high.

Transgender female respondents differed from non-transgender female respondents in terms of perceptions of femininity
and attractiveness and selected similar characteristics to the plastic surgeon group.

Transgender female respondents perceive a smaller nasal tip width, more acute supratip angle, and more obtuse
mandibular angles are more “feminine” and “attractive” compared to non-transgender female respondents.
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from 1 to 5 on Likert-type scales ranging from feminine ap-
pearing (1) to masculine appearing (5) and from very poor 
appearance (1) to very good appearance (5).

Data Analysis
Attention and gaze data were analyzed with Tobii Pro Lab 
version 1.92.13555, and the Tobii I-VT Fixation Filter algo-
rithm was used to classify eye movements. A directional 
shift velocity threshold of 30°/second was used; eye move-
ments below the threshold were defined as fixed gaze and 
those above the threshold as saccades.20 Only participant 
gaze fixations were recorded and analyzed in this study.

Ten anatomic areas of interest (AOIs) were defined for 
each photograph: forehead/brow, left and right eyes, left 
and right zygomatic regions, left and right buccal/man-
dibular regions, nose, mouth, and chin (Figure  1). The 
forehead/brow, buccal/mandibular regions, and chin 
were categorized as gender-salient features because 
these were areas that have been previously identified as 
features with significant sex di"erences and are subse-
quently often altered in gender-a#rming FFS.21,22 These 
anatomic areas were also among the most commonly 
altered in the feminized photographs used in this study 
(see Supplemental Table 1). The primary gaze outcomes 
of interest were number of gaze fixations and total time 
spent fixated within each defined AOI. These outcomes 
were summed for bilateral AOIs as well as across the 
frontal and profile views of each face.

Statistical analyses were performed with R version 
3.5.1 (R Foundation for Statistical Computing, Vienna, 
Austria). Continuous gaze fixation data were reported as 
mean  [standard deviation]. Gender and aesthetic appear-
ance Likert-type ratings were treated as categoric vari-
ables. Bivariate analyses comparing gaze fixation between 
cisgender and transgender participants were performed 
with unpaired t tests, and analysis of variance (ANOVA) 
tests were used to compare gender and aesthetic appear-
ance ratings. A P value <0.05 was defined as statistically 
significant.

RESULTS

Subconscious Gaze Pattern and 
Distribution
Thirty-two laypersons were enrolled in this study, 14 of 
whom identified as transgender and 18 of whom identified 
as cisgender (Table  1). The average age was 29.8  years 
(range, 18-64 years); 10 participants identified as male and 
22 identified as female. Of the 10-second viewing time, 
study participants spent on average 6.43  [2.08] seconds 
(range, 0.550-9.121 seconds) with their gaze fixated on the 
surgery-naive cisgender female faces, and 5.61 [2.15] sec-
onds (range, 0.683-9.138 seconds) with their gaze fixated 
on the feminized transgender faces (P = 0.001) (Table 2). 
The majority of the total fixation time was spent evaluating 
the frontal view image of both surgery-naive cisgender 

A B

Figure 1. Example study image of a 34-year-old transwoman; FFS procedures: forehead and simultaneous hair transplant, 
rhinoplasty, jaw, and chin demonstrating the standard frontal (A) and profile (B) view photographs shown to participants, as well 
as the highlighted areas of interest (AOIs).
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cisgender counterparts. This di!erence in gaze distribution 
by viewer gender identity was independent of whether a 
surgery-naive female face or a feminized face was shown, 

suggesting that transgender persons may evaluate fa-
cial gender appearance more holistically than cisgender 
persons (Figure 2). As gender dysphoria is characterized 

Table 3. Multivariate Linear Regression Analysis: The E!ect of Viewer Characteristics and Photograph Type on the Fraction of 
Viewing Time Spent Evaluating Gender Salient Features

Coe#cient (β) Adjusted odds ratio 95% confidence interval P value

Intercept –0.10 0.90 0.82-1.00 0.046

Age 0.01 1.01 1.00-1.01 <0.001*

Race     

 Asian –4.47 × 10–3 1.00 0.93-1.07 0.901

 Black or African-American 0.05 1.05 0.98-1.13 0.188

 Multiple races 0.14 1.15 1.04-1.26 0.005*

Ethnicity = not Hispanic or Latino 0.05 1.05 0.98-1.12 0.152

Sex assigned at birth = male –0.02 0.98 0.93-1.02 0.304

Gender identity = transgender 0.12 1.13 1.06-1.21 <0.001*

Highest level of education     

 Bachelor degree 0.11 1.12 1.05-1.20 0.001*

 Graduate degree –0.02 0.98 0.90-1.06 0.552

Personal history of plastic surgery –0.04 0.96 0.91-1.01 0.088

Photograph type = surgery-naive female face 0.00 1.00 0.96-1.04 0.930

*Statistically significant P value (<0.05).

A B

Figure 2. Representative gaze fixation distribution for cisgender participants (A) and transgender participants (B) on a study 
image of a 34-year-old transwoman; FFS procedures: forehead and simultaneous hair transplant, rhinoplasty, jaw, and chin.
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Gender identity influences subconscious attention and gaze on female faces

Transgender participants spent more time evaluating the forehead/brow, buccal/mandibular regions, and chin 

Social Perception of Facial Feminization Surgery Outcomes: 
Does Gender Identity Alter Gaze?

Shanique et al. Aesth. Surg. J. 2021
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INTRODUCTION
Social media platforms have changed the way medical 

information is disseminated and communicated among 
inquisitive laypersons, patients, and health care provid-
ers.1 Social media applications (apps) can deliver informa-
tion to a wide audience in a quick and accessible way.2 In 
2021, there were 4.48 billion people actively using social 
media in the world, representing a 13.1% increase from 
2020.3 Social media platforms that primarily house videos, 

such as TikTok (TikTok Inc) and YouTube (YouTube 
Inc), provide accessible and direct information to viewers. 
Founded in 2016, TikTok houses short videos, usually less 
than a minute long, while YouTube videos can be much 
longer.4 There is no question on how widely these social 
media are used: TikTok has over 1 billion monthly active 
users and YouTube has over 2.2 billion.5,6

Thus, it is no surprise that medical professionals, 
including physicians, have started using social media to 
improve patient knowledge and promote their own prac-
tices. Potential patients also commonly consult social 
media before their initial consultation.7–9 One bene!t of 
using a popular social media platform is the ability to alle-
viate health inequity because information is readily acces-
sible for historically marginalized patient populations. 
In particular, transgender patients have a unique set of 
health care needs, but are often discriminated against by 
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disseminated. Transgender patients may utilize social media to learn about gender-
af!rming surgery (GAS). Although videos on social media are readily accessible, 
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ate the quality and reliability of YouTube and TikTok videos related to GAS.
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metoidioplasty, phalloplasty, breast augmentation, and vaginoplasty. Quality of 
video content was analyzed by the DISCERN scale. Quality scores were compared 
among the type of GAS, account user, and content category.
Results: There were 275 YouTube videos and 55 TikTok videos. Most videos 
focused on masculinizing top surgery (P < 0.001). Overall, videos on masculin-
izing GAS had higher quality and reliability than videos on feminizing GAS (P < 
0.001). Chest surgery videos were of higher quality than those on genital surgery 
(P ≤ 0.001). Videos on masculinizing top surgery had the highest quality, whereas 
vaginoplasty had the lowest quality and reliability (P < 0.001). Videos produced by 
health care professionals and academic institutions had the greatest quality and 
reliability, respectively (P < 0.0001), whereas videos produced by patients were the 
least reliable (P < 0.0001).
Conclusions: Videos on GAS ranged from poor to good quality and reliability. Health 
care professionals, especially plastic surgeons, should create high-quality videos on 
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on social media platforms can reach a wide audience through accessible means. 
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reliability (3.89 versus 2.99, P < 0.0001). Overall, YouTube 
videos had signi!cantly higher reliability and quality than 
TikTok videos (P ≤ 0.003) (Table 2).

DISCUSSION
Our study, which is the !rst to evaluate the video qual-

ity and reliability of various types of GAS on two popular 
social media apps, shows that YouTube and TikTok videos 
on GAS range from poor to average quality and reliabil-
ity. Although videos produced by health care profession-
als and academic institutions were of the highest quality, 
these are the minority of videos. With a 14.4% annual 
growth rate of gender-af!rming procedures performed 
each year, it is crucial that health care providers, includ-
ing plastic surgeons, develop high-quality, reliable patient 
educational videos for this growing patient population and 
promote visibility for high-quality social media content.17

The impact of social media should not be under-
estimated. A previous survey study revealed that 9% of 
patients were in$uenced by YouTube videos when choos-
ing a plastic surgery practice, and most patients were very 
interested in short educational videos.21 With the average 
person spending 2 hours on social media apps per day, 

social media platforms are becoming invaluable resources 
for networking and information gathering, especially for 
vulnerable populations.9 In particular, transgender peo-
ple may utilize social media as a safe haven from ongo-
ing discrimination faced in-person and as a space to freely 
express their gender identity.10 Transgender patients may 
also use social media as a vehicle to document their gen-
der transitions and advocate for transgender health.22

Although YouTube and TikTok provide various ben-
e!ts to patients, there is little regulation on content 
quali!cations. Uploaded videos are not peer-reviewed. 
According to Om et al, social media videos can gener-
ate misinformation and equip patients with misleading 
impressions of surgical care even before their initial con-
sultation.1 Therefore, previous studies have investigated 
the quality of online social media videos.23-25 In 2020, 
Ayyala et al16 reported low overall average DISCERN 
scores for YouTube videos on gender-af!rming top sur-
gery and breast augmentation, with the majority of videos 
focusing on the patient experience. Our study expands on 
that work by evaluating gender-af!rming genital surgery 
and assessing videos on TikTok, a newer and more trend-
ing social media app.5,16 Like Ayyala et al, we found low 

Table 2. Analysis of DISCERN Scores for All Videos Included in This Study

Variable (no.)
DISCERN* Overall 
Score (Mean ± SD)

DISCERN Reliability 
Score (Mean ± SD)

DISCERN Quality 
Score (Mean ± SD)

Type of GAS
 Top surgery (131) 2.98 ± 1.2 3.15 ± 0.6 2.97 ± 1.0
 Metoidioplasty (73) 2.51 ± 0.9 3.15 ± 0.6 3.13 ± 0.9
 Phalloplasty (41) 2.13 ± 0.7 2.98 ± 0.5 3.24 ± 0.6
 Breast aug (33) 2.53 ± 1.1 3.02 ± 0.5 3.04 ± 0.9
 Vaginoplasty (52) 1.96 ± 0.8 2.85 ± 0.6 2.67 ± 0.7
P value <0.0001 0.02 0.02
Type of GAS
 Masculinizing† GAS (245) 2.85 ± 1.1 3.22 ± 0.6 3.32 ± 0.8
 Feminizing‡ GAS (85) 2.18 ± 1.0 2.95 ± 0.5 2.87 ± 0.8
P value <0.001 <0.001 <0.001
Type of GAS
 Chest surgery§ (164) 3.11 ± 1.2 3.27 ± 0.6 3.20 ± 1.0
 Genital surgery¶ (166) 2.25 ± 09 3.06 ± 0.6 3.15 ± 0.7
P value <0.001 0.001 0.6
Type of user account
 Patient (235) 2.48 ± 1 2.99 ± 0.5 3.04 ± 0.9
 MD (38) 2.75 ± 1.2 3.01 ± 0.5 2.84 ± 0.9
 Healthcare group (24) 2.17 ± 0.9 3.03 ± 0.7 2.82 ± 0.8
 Non-MD∥ (10) 4 ± 1.3 3.56 ± 0.7 3.24 ± 0.6
 Academic institution (13) 3.14 ± 1.5 3.89 ± 0.9 3.29 ± 1.0
 Medical journal (4) 2.33 ± 1.2 3.5 ± 1 2.38 ± 0.8
 Device company (3) 3.5 ± 1 3.69 ± 0.6 2.93 ± 1.1
 Academic society (2) 2 ± 1.7 3.33 ± 0.4 2.81 ± 1.5
P value 0.0001 <0.0001 0.5
Type of video category
 Patient experience (191) 2.43 ± 1.0 2.98 ± 0.5 3.02 ± 0.9
 Patient education (78) 2.73 ± 1.2 2.16 ± 0.6 2.92 ± 0.9
 Physician education (16) 3.64 ± 1.2 4.19 ± 0.7 3.62 ± 0.8
 Operation (21) 2.39 ± 1.1 2.88 ± 0.3 2.63 ± 0.9
 Advocacy (2) 2.5 ± 0.7 3.31 ± 0.6 3 ± 0.4
 Self-promotion (2) 2 3 2.71 ± 0.8
P value 0.001 <0.001 0.04
Social media platforms
 YouTube (275) 2.63 ± 1.1 3.13 ± 0.6 3.17 ± 0.8
 TikTok (55) 2.14 ± 1.0 2.76 ± 0.4 2.15 ± 0.8
P value 0.003 <0.001 <0.001
*DISCERN scores are for both YouTube and TikTok videos, unless speci!ed otherwise.
†Masculinizing GAS includes top surgery, metoidioplasty, and phalloplasty.
‡Feminizing GAS includes breast augmentation and vaginoplasty.
§Chest surgery refers to top surgery and breast augmentation.
¶Genital surgery refers to metoidioplasty, phalloplasty, and vaginoplasty.
∥Non-MD refers to non-MD health care professionals.
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Tissue Engineering Neovagina for Vaginoplasty
in Mayer–Rokitansky–Küster–Hauser Syndrome
and Gender Dysphoria Patients: A Systematic Review

Jayson Sueters, MSc,1 Freek A. Groenman, MD, PhD,2,3 Mark-Bram Bouman, MD, PhD,3,4

Jan Paul W. Roovers, MD, PhD,2 Ralph de Vries, MSc,5 Theo H. Smit, PhD,1,6 and Judith A.F. Huirne, MD, PhD1,7

Background: Vaginoplasty is a surgical solution to multiple disorders, including Mayer–Rokitansky–Küster–
Hauser syndrome and male-to-female gender dysphoria. Using nonvaginal tissues for these reconstructions is
associated with many complications, and autologous vaginal tissue may not be sufficient. The potential of tissue
engineering for vaginoplasty was studied through a systematic bibliography search. Cell types, biomaterials, and
signaling factors were analyzed by investigating advantages, disadvantages, complications, and research quantity.
Search Methods: A systematic search was performed in Medline, EMBASE, Web of Science, and Scopus until
March 8, 2022. Term combinations for tissue engineering, guided tissue regeneration, regenerative medicine, and
tissue scaffold were applied, together with vaginoplasty and neovagina. The snowball method was performed on
references and a Google Scholar search on the first 200 hits. Original research articles on human and/or animal subjects
that met the inclusion (reconstruction of vaginal tissue and tissue engineering method) and no exclusion criteria (not
available as full text; written in foreign language; nonoriginal study article; genital surgery other than neovaginal
reconstruction; and vaginal reconstruction with autologous or allogenic tissue without tissue engineering or scaffold)
were assessed. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) checklist, the
Newcastle–Ottawa Scale, and the Gold Standard Publication Checklist were used to evaluate article quality and bias.
Outcomes: A total of 31 out of 1569 articles were included. Data extraction was based on cell origin and type,
biomaterial nature and composition, host species, number of hosts and controls, neovaginal size, replacement fraction,
and signaling factors. An overview of used tissue engineering methods for neovaginal formation was created, showing
high variance of cell types, biomaterials, and signaling factors and the same topics were rarely covered multiple times.
Autologous vaginal cells and extracellular matrix-based biomaterials showed preferential properties, and stem cells
carry potential. However, quality confirmation of orthotopic cell-seeded acellular vaginal matrix by clinical trials is
needed as well as exploration of signaling factors for vaginoplasty.

Keywords: biomaterial, male-to-female transgender, Mayer–Rokitansky–Küster–Hauser syndrome, signaling
factors, tissue engineering, vaginoplasty
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vagina using autologous or allogenic tissue, written in
English, and published in a peer-reviewed journal.

Exclusion criteria. Vaginal reconstruction without tissue
engineering or scaffold, or vaginal reconstruction with
native tissue for vaginal support only.

Data extraction

Data from included studies were extracted according to a
predefined method. After correlation and information anal-
ysis, the following relevant findings are presented by the
author: Biomaterial: scaffold type and material; Cells: host
and donor type (animal/human) and specie type (autologous/
allogenic); Signaling: signaling factors (differentiation
factor/growth factor/adherence-promoting coating); Tissue
construct: vaginal size and vaginal structure (full/partial/
in vitro/nonvaginal implantation).

Quality assessment of the included studies

Methodological quality, for critical evaluation and not
for methodological filtering,138,139 of included studies was
assessed through the Newcastle–Ottawa Scale.140 For pre-
clinical trials and in vitro experiments, the Gold Standard
Publication Checklist (GSPC) to Improve the Quality of
Animal Studies was considered more appropriate,141 and the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) checklist142 was performed.

Results

Study characteristics

Identified records from the databases were combined into
a library of 1569 records. Google Scholar (on March 20,
2022) was searched for additional articles. After duplicate
removal, two reviewers screened 831 titles and abstracts,
with discrepancies resolved by a third reviewer, and 387
potentially eligible articles were screened for full-text in
duplicate (Fig. 2). Only 31 articles met the criteria and were
included in our systematic review (Table 3).

The assessed study characteristics are shown in Table 3—
biomaterial nature and type, cell type of donor, origin, and
host species, signaling factors, tissue-engineered construct,
and anatomical features of the neovagina.

Quality of the included studies

The quality assessment is reported in Supplementary
Materials S6. Six studies reported study location and inclu-
sion dates. Seven studies reported confounders (age, race,
culture, mental state, surgery technique, irradiation dose,
contamination, dilator material, hypoxia culturing condi-
tions, passage numbers, and growth factors), but only four
made corrections.143–146 Animal studies clearly described
imposed disease control, method, number of animals, spe-
cies, intervention, operation and sampling method, eutha-
nasia, general animal well-being, administered painkillers,
exclusion criteria, housing, and care taking, but physiolog-
ical parameters were lacking. Background, research ques-
tion, clinical relevance, experimental design, and discussion
were accurate in all studies.

Technical opportunities: biomaterial

One fine-tuning condition in tissue engineering is the
biomaterial and was investigated for in vivo animal, in vitro,
and clinical studies (Fig. 3). Optimal materials should
facilitate ideal cell behavior to mimic vaginal tissue
satisfactorily.

FIG. 1. Tissue engineering triad—scaffold biomaterials, cells,
and signaling factors are fine-tuned to result in the demanded
vaginal tissue. The biomaterial supports cell migration, prolif-
eration, and differentiation—cells adhere and migrate into the
biomaterial resulting in scaffold functionalization (top left ar-
rows). The biomaterial facilitates growth factor delivery and can
contain an ECM layer—mechanical stimuli, electrical field, and
growth factors alter scaffold properties and result in scaffold
functionalization (top right arrows). Signaling factors induce
cell differentiation and tissue formation—cells express ECM
and secrete proteins during adherence, growth, and differentia-
tion ( horizontal arrows). Mechanics is an important signaling
factor, responsible for tissue functionality and balance between
ECM synthesis and inflammatory markers. The tissue engi-
neering triad results in vaginal tissue that is implanted in a host,
where exogen factors can migrate to similar local vaginal cells,
nerve cells, fibroblasts, veins, and hormones. ECM, extracel-
lular matrix. Color images are available online.
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vagina using autologous or allogenic tissue, written in
English, and published in a peer-reviewed journal.

Exclusion criteria. Vaginal reconstruction without tissue
engineering or scaffold, or vaginal reconstruction with
native tissue for vaginal support only.

Data extraction

Data from included studies were extracted according to a
predefined method. After correlation and information anal-
ysis, the following relevant findings are presented by the
author: Biomaterial: scaffold type and material; Cells: host
and donor type (animal/human) and specie type (autologous/
allogenic); Signaling: signaling factors (differentiation
factor/growth factor/adherence-promoting coating); Tissue
construct: vaginal size and vaginal structure (full/partial/
in vitro/nonvaginal implantation).

Quality assessment of the included studies

Methodological quality, for critical evaluation and not
for methodological filtering,138,139 of included studies was
assessed through the Newcastle–Ottawa Scale.140 For pre-
clinical trials and in vitro experiments, the Gold Standard
Publication Checklist (GSPC) to Improve the Quality of
Animal Studies was considered more appropriate,141 and the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) checklist142 was performed.

Results

Study characteristics

Identified records from the databases were combined into
a library of 1569 records. Google Scholar (on March 20,
2022) was searched for additional articles. After duplicate
removal, two reviewers screened 831 titles and abstracts,
with discrepancies resolved by a third reviewer, and 387
potentially eligible articles were screened for full-text in
duplicate (Fig. 2). Only 31 articles met the criteria and were
included in our systematic review (Table 3).

The assessed study characteristics are shown in Table 3—
biomaterial nature and type, cell type of donor, origin, and
host species, signaling factors, tissue-engineered construct,
and anatomical features of the neovagina.

Quality of the included studies

The quality assessment is reported in Supplementary
Materials S6. Six studies reported study location and inclu-
sion dates. Seven studies reported confounders (age, race,
culture, mental state, surgery technique, irradiation dose,
contamination, dilator material, hypoxia culturing condi-
tions, passage numbers, and growth factors), but only four
made corrections.143–146 Animal studies clearly described
imposed disease control, method, number of animals, spe-
cies, intervention, operation and sampling method, eutha-
nasia, general animal well-being, administered painkillers,
exclusion criteria, housing, and care taking, but physiolog-
ical parameters were lacking. Background, research ques-
tion, clinical relevance, experimental design, and discussion
were accurate in all studies.

Technical opportunities: biomaterial

One fine-tuning condition in tissue engineering is the
biomaterial and was investigated for in vivo animal, in vitro,
and clinical studies (Fig. 3). Optimal materials should
facilitate ideal cell behavior to mimic vaginal tissue
satisfactorily.

FIG. 1. Tissue engineering triad—scaffold biomaterials, cells,
and signaling factors are fine-tuned to result in the demanded
vaginal tissue. The biomaterial supports cell migration, prolif-
eration, and differentiation—cells adhere and migrate into the
biomaterial resulting in scaffold functionalization (top left ar-
rows). The biomaterial facilitates growth factor delivery and can
contain an ECM layer—mechanical stimuli, electrical field, and
growth factors alter scaffold properties and result in scaffold
functionalization (top right arrows). Signaling factors induce
cell differentiation and tissue formation—cells express ECM
and secrete proteins during adherence, growth, and differentia-
tion ( horizontal arrows). Mechanics is an important signaling
factor, responsible for tissue functionality and balance between
ECM synthesis and inflammatory markers. The tissue engi-
neering triad results in vaginal tissue that is implanted in a host,
where exogen factors can migrate to similar local vaginal cells,
nerve cells, fibroblasts, veins, and hormones. ECM, extracel-
lular matrix. Color images are available online.
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