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INTRODUCTION
With an increased social acceptance of transgender 

people following improved results of surgical treatment of 
facial transformation globally, many such individuals seek 
surgical management for their faces. The quality of life fol-
lowing facial surgery has to support the substantial impact 
of these procedures. These procedures should improve 
the overall well-being and reduce psychosocial sequelae 
in these patients.1 Fundamental differences between male 
and female facial features referring to bony and soft tissues 
have been described in the literature.2 Basically, testoster-
one hormone induces male facial features (such as a prom-
inent supraorbital ridge, prominent nasal angle, broad 
nose, flat cheeks, and squarer chin and jaw) which differs 
from those in women. The main characteristic facial fea-
tures are related to the bony structures.3,4 In men, one of 
the most obvious masculine facial features is the forehead 

and the hairline. The forehead is flat and steep, with prom-
inent and robust supraorbital ridges, deep-set orbits, and 
a high frontal and M-shaped hairline (usually baldness).5

Typically, the female face is oval or heart-shaped and 
has smooth lines. The forehead is vertically high and 
round with a smooth gentle arc and minimal supraorbital 
ridges. The frontal hairline is round and well proportional 
to the middle and lower parts of the face.

Surgical treatment to alter facial features is in practice. 
This surgery was initially termed as facial feminization sur-
gery by Ousterhout, and variant terms of facial surgery for 
female transgenders were used, including facial feather 
remodeling surgery3,6 and facial gender confirmation 
surgery.7 Most forehead feminization surgeries are per-
formed by well-trained surgeons in the field of craniofa-
cial surgery. The credit goes to Dr. Paul Tessier, a global 
pioneer of craniofacial surgery.8 Several surgeons perform 
hairline advancement or hair transplantation, combined 
with forehead feminization surgery.9,10

METHODS
Study Design and Patients

This was a retrospective study involving male-to-female 
transgender patients who underwent forehead and 
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hairline surgeries (the grid method) at Kamol Cosmetic 
Hospital, by the author between January 2015 and 
December 2017. Patients with incomplete medical records 
were excluded.

Preoperative Investigations
Preoperative anteroposterior view (AP) skull x-ray was 

taken with a metal grid consisting of multiple squares (1 × 
1 cm). The lower part of the metal grid was placed on an 
imaginary horizontal line at the upper part of the orbital 
rim (Fig. 1). In cephalogram, the preoperative forehead 
bossing length (FBL) was measured according to the 
distance between the most projected point of the supra-
orbital ridge and the level of nasion by using the SN (mid-
point of the sella turcica to the nasion) as the reference. 
The preoperative FBL minus postoperative FBL was the 
forehead reduction distance (FRD) (Fig. 2). The frontal 
sinuses were then divided into 2 groups:

  Group 1: Small size, frontal sinus height of ≤1 cm.
  Group 2: Large size, frontal sinus height of >1 cm.

To manage the frontal bone bossing and the shape of 
the entire forehead, the author used surgical procedures 
depending upon the height of the frontal sinuses and the 
shape and convexity of the areas superior to the supra-
orbital ridge according to Ousterhout’s classification, as 
follows3:

  Type I:    Minimal or absent frontal sinuses. Contouring 
with burring can be achieved.

  Type II:  Foreheads have protruding anterior walls of the 
frontal sinus with normal frontonasal angles. 
Augmentation of the area superior to the pro-
trusion with a prosthesis is recommended.

  Type III:  Foreheads have over-projected anterior walls 
of the frontal sinus. Anterior wall osteotomy 
to set back the forehead is necessary.

  Type IV:  Foreheads are small with under-projection 
of the brow. Augmentation procedures are 
recommended.

If the height of the frontal sinuses in clinical type I and 
II is <1 cm, supraorbital ridge shaving with or without aug-
mentation at the area above the orbital ridge is used. If 
the frontal sinuses in clinical type III or even type I and II 
with the height of the frontal sinus are >1 cm, frontal bone 
reconstruction is performed.

Surgical Procedure
The incisions were divided into 3 types as follows (Fig. 3):

 I. Standard bi-coronal incision: For forehead recon-
struction without hairline advancement.

 II. Extended hairline incision (pretrichial): Supraorbital 
ridge shaving or forehead reconstruction with hair-
line advancement.

Fig. 1. grid method: x-ray with a grid.

Fig. 2. Measurement of forehead bossing distance on cephalomet-
ric x-ray: the midpoint of the sella turcica to the nasion (Sn line), the 
most projected forehead bossing (a), and a perpendicular line of Sn 
(B). the FBl is the distance between lines a and B.
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 III. Inverted-U trichial incision: For simple supraorbital 
ridge shaving with or without augmentation.

The subperiosteal flap was elevated anteriorly at the 
level of the frontal hairline and then moved inferiorly to 
1−2 cm beyond the frontonasal suture. The supraorbital 
and supratrochlear nerves were protected. Marking of the 
frontal sinus boundary was made using the grid method. 
The osteotomy was started at the frontonasal suture, and 
then directly lateral at the level of the superior orbital rims 
to the lateral margin of the sinuses with the mini oscillat-
ing saw. Then, osteotomy was continued superiorly with 
the reciprocal saw and then across to connect to the other 
side. The supraorbital nerves were protected. The sinus 
septum was carefully divided before the bone segment 
and then was elevated. The free bone segment and the 
frontal bone were contoured with gliding tools. The supe-
rior orbital rim and the lateral orbital to the sinuses were 
re-contoured and then reassembled. Permanent sutures 
were used to fix the bone graft. The closed suction drain-
age was retained under the frontal skin flap for 24 h. In 
cases where hairline lowering was performed simultane-
ously, the author used an extended hairline incision with 
posterior subgaleal dissection and advancement. Then, 
the posterior scalp flap was anchored to the monocortical 
bone tunnels. The excess skin was excised approximately 
by 10−20 mm. In cases of combined hair transplantation, 
the procedure was delayed to the second stage, under 
local anesthesia (Figs. 4, 5).

RESULTS
Patients

Between January 2015 and December 2017, there were 
23 cases of forehead and hairline feminization procedures 
performed by the author. The mean age of the patients 
was 32.56 years (range, 20−74 years). There were 11 Asian 
patients and 12 White patients. There were 9, 3, and 11 
patients with clinical types I, II, and III supraorbital ridges, 

respectively. The mean sinus height was 14.3 cm (range, 
7–26 mm). Eleven patients underwent supraorbital ridge 
contouring and 12 underwent forehead reconstruction. 
Hairline advancement was simultaneously performed in 
9 patients. Two patients underwent forehead augmen-
tation at the supraorbital ridge with carved expanded 
polytetrafluoroethylene, and 1 patient had a customized 
polymethyl methacrylate prostheses. The postoperative 
follow-up time ranged from 3 weeks to 18 months. Some 
overseas patients had follow-ups through video calls. The 
mean FRD in the bone contouring and forehead recon-
struction groups was 2.7 mm (range, 2.3−3.0 mm) and 
4.53 mm (range, 3.0−5.7 mm), respectively.

No intraoperative complications were noted. The post-
operative complications were reviewed. In 1 case with bi-
coronal incision, there was a widened scar (>5 mm) in the 
middle of the scalp. In 2 cases, there was temporal hair 
loss of >5 mm at the peri-surgical scar in the mid-scalp 
area. One patient presented with an irregular surface of 
the forehead prosthesis warranting minor revisions. No 
patient had frontal muscle weakness. Hypesthesia of the 
superior forehead was found in all patients with bi-coronal 
incision and 2 patients with inverted-U trichial incision; 
however, it spontaneously recovered in 3−6 months. In 2 
patients with bi-coronal and inverted-U trichial scars, a 
minor degree of hair loss was reported. Infected prosthe-
sis found in 1 case was successfully treated with antibiotics 
and implant revision. The clinical data and complications 
are shown in Tables 1 and 2, respectively. The results are 
shown in Figures 6 and 7.

DISCUSSION
The anatomy of the frontal sinus is the main factor 

responsible for forehead osteotomy and reconstruction. It 
is well known that the configuration of the frontal sinus is 
unique and varies widely among individuals.11 The sinuses 
stretch like wings transversely over the anterior portion of 
the orbit. The frontal sinus is always asymmetrical in all 

Fig. 3. incision: standard bi-coronal incision (a), inverted-U trichial incision (B), and extended hairline incision (c).
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dimensions. In this study, we found that the limitation of 
supraorbital ridge contouring is the thickness of the ante-
rior table of the frontal bone.

The height of the frontal sinus should play a major role 
in creating a plan for osteotomy because the space in the 
AP dimension is narrow. Further, it is asymmetrical and the 

Fig. 4. intraoperative forehead reconstruction (unrelated example results): marking the line of the boundary of the frontal sinus with a 
grid (a), frontal sinus after osteotomy (B), reassembled bone flap (c), and bone fixation after gliding (D).

Fig. 5. Hairline lowering procedure (unrelated example results): surgical marking (a), skin excision (B), posterior scalp flap advancement, 
and wound closure (c).
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posterior surface is irregular. Osteotomy at the superior 
parts involves more risks of dura mater injury, whereas that 
at lateral parts has a high chance of maintaining lateral 
recesses. By computed tomography (CT) scan, Tatlisumak 
et al determined that the height of right and left frontal 
sinus ranges from 4.0 to 50.0 mm and from 7.0 to 55 mm, 
respectively in an adult population. The width of the right 
and left frontal sinus ranges from 4.0 to 48.0 mm and from 
8.0 to 45.0 mm, respectively. The superior limit of the fron-
tal sinuses is crucial because the AP dimension of the upper 
part of the right frontal sinus can be maximally narrowed 
(1 mm).12 The thickness of the anterior table of the fron-
tal bone is the limitation of supraorbital ridge contouring. 
Lee et al reported that the anterior table thickness ranged 
from 2.6 to 4.1 mm, and was thinnest at 10 mm left and 
right of the midline.13 Thus, it was necessary to preserve 

1−2 mm of the remaining anterior table to maintain bone 
integrity. In this study, the frontal reduction distance using 
the burr technique ranged from 2.3 to 3.0 mm.

The limitation of forehead reconstruction is at the level 
of the frontonasal suture. Therefore, the total distance of 
the forehead set back is the total of the bony setback and 
the anterior table shaving. The FRD by this method ranged 
from 3.0 to 5.7 mm (mean, 4.53 mm). To set back the supra-
orbital ridge posterior beyond the frontonasal suture, the 
nasal bone reduction procedure is required simultane-
ously, as described by Marcelo.6 By personal observation, 
the author has noted that the width of the frontal sinuses is 
usually related to the height of the sinuses; therefore, using 
the height as one parameter is simpler and more practical.

Ousterhout’s classification has taken into consider-
ation the shape of the forehead and the supraorbital 

Table 1. Clinical Data

Patient Age Race Classification

Sinus  
Height  
(mm) Procedure

Preoperative/ 
Postoperative  

FBL (mm)
FRD 
(mm) Follow-up

1 24 White I 10.0 Supraorbital ridge contouring 5.5/3.0 2.5 4 weeks
2 21 Asian I 9.0 Supraorbital ridge contouring 6.0/3.2 2.8 12 weeks
3 26 White I 7.5 Supraorbital ridge contouring 5.5/2.5 3.0 3 weeks
4 20 Asian I 10 Supraorbital ridge contouring  

with hairline advancement
6.0/3.1 2.9 6 months

5 74 White I 8 Supraorbital ridge contouring  
with hairline advancement

6.5/4.0 2.5 4 weeks

6 31 Asian I 9 Supraorbital ridge contouring  
with hairline advancement

7.5/5.0 2.5 6 weeks

7 60 Asian I 10 Supraorbital ridge contouring  
with hairline advancement

7.4/4.5 2.9 6 months

8 28 White III 15 Forehead reconstruction 6.6/2.9 3.7 9 months
9 26 White I 10 Supraorbital ridge contouring  

with hairline advancement
6.3/3.3 3.0 12 months

10 33 White III 12 Forehead reconstruction with  
hairline advancement

6.0/2.9 3.1 18 months

11 25 White III 20 Forehead reconstruction 7.5/2.3 5.2 8 months
12 50 White III 15 Forehead reconstruction 5.1/2.1 3.0 12 months
13 20 White II 8 Supraorbital ridge contouring  

with augmentation
6.2/3.2 3.0 4 weeks

14 23 Asian III 22 Forehead reconstruction 8.5/3.4 5.1 12 months
15 24 White II 12 Forehead reconstruction with  

hairline advancement
7.7/2.8 4.9 12 weeks

16 37 Asian III 25 Forehead reconstruction 8.7/3.5 5.2 8 months
17 35 Asian III 21 Forehead reconstruction 8.6/4.1 4.5 12 months
18 50 White III 26 Forehead reconstruction 9.4/5.1 4.3 16 months
19 26 Asian III 23 Forehead reconstruction with  

hairline advancement
7.4/2.8 4.6 3 months

20 29 White III 25 Forehead reconstruction 8.8/3.1 5.7 8 months
21 37 Asian III 24 Forehead reconstruction with  

hairline advancement
8.1/3.0 5.1 12 months

22 23 Asian II 9 Supraorbital ridge contouring  
with augmentation

6.5/4.2 2.3 8 months

23 27 Asian II 10 Supraorbital ridge contouring  
with augmentation

7.5/4.8 2.7 18 months

Table 2. Complications

Procedure Incision Hypesthesia
Frontalis Muscle  

Weakness
Widening  

Scar
Hair  
Loss Conjunctivitis

Wound 
Infection

Forehead reconstruction  
(N = 12)

Bi-coronal (N = 9) 12 — 1 1 1 —
Pretrichial (N = 3) — — — — 1 —

Supraorbital shaving  
(N = 8)

Inverted-U (N = 2) 2 — — — — —
Pretrichial (N = 6) — — — — — —

Supraorbital shaving with  
augmentation (N = 3)

Trichial-inverted-U (N = 2) 2 — — 1 — 1
Pretrichial (N = 1) — — — — — —
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ridge, as determined by clinical examination without mea-
suring the bone thickness. According to personal obser-
vation, when the height of the frontal sinus is <1 cm, the 
supraorbital ridge correction tends to benefit from the 
bone shaving method (Ousterhout’s types I and II). When 
the height of the frontal sinus is ≥1 cm and the forehead 
appearance tends to be marked projected (Ousterhout’s 

type III), anterior frontal osteotomy and reconstruction 
can achieve good results. The author believes that a grid 
method combined with clinical classification successfully 
achieves the overall forehead feminization. In this study, 
Ousterhout’s classification was used to make a plan for 
surgery in the majority of patients. Nevertheless, some 
patients with type II might have high and large frontal 

Fig. 6. Results of supraorbital ridge shaving with hair transplantation: preoperative front and side views (a, B), and postoperative (18 
months) front and side views (c, D).
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sinuses (as in patient no. 15), and forehead reconstruc-
tion is advantageous.

Frontal osteotomy at the superior parts has a greater 
risk of intracranial injury due to the narrow space and 
irregular surface of the posterior wall of the sinuses. 
Inferior osteotomy tends to have an incomplete cut due 
to the wide base and asymmetry of the sinuses and tends 

to bring unfavorable results due to the bony irregularity 
from the multi-segment osteotomy. Several methods have 
described the preoperative and intraoperative techniques 
for assisted osteotomy. Gilde et al14 and Mirco et al15 pre-
sented the intraoperative frontal sinus illumination to 
estimate the extension of the frontal sinus and as a super-
vision guide. Although useful, it has some limitations; it 

Fig. 7. Results of forehead reconstruction with hairline advancement: preoperative front and side views (a, B) and postoperative (3 weeks) 
front and side views (c, D).
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is more complicated to apply instruments via frontonasal 
ducts.

The application cutting guide created from 3-dimen-
sional printing presented by Mandelbaum et al is useful 
but requires a CT scan and is expensive.16 The grid method 
is a better alternative and it helps determine the size and 
dimension of the frontal sinus preoperatively and intraop-
eratively. This technique is simple and does not increase 
the risk to the patients. This technique is adapted from the 
principle of the grid drawing method that allows surgeons 
to improve the accuracy of the outline of the frontal sinus. 
The grid provides common reference points between the 
reference x-ray and the frontal bone intraoperatively. Thus, 
grid drawing on the frontal bone can meticulously copy the 
reference sinus shape and size segment-by-segment. This 
technique allows surgeons to perform a 1-piece osteotomy 
of the frontal bone to stabilize the bone flap. It reduces 
the chance of surface irregularity and also the incidence 
of dura mater injury. Furthermore, a simple cutting guide 
can be created using a grid method, preoperatively. The 
limitation of this technique is the possibility of inaccuracy 
due to human error by x-ray technicians and the opera-
tor. The preoperative and intraoperative teams should be 
familiar with it. Preoperative CT scans or 3-dimensional 
CT scans are still necessary and important for complicated 
or revision surgeries. Regarding fronto-orbital bar reas-
sembly and fixation, most operators use titanium plates or 
mesh with bone powder to fill the areas of bony gaps and 
irregular bony surfaces.17 At this point, the author stresses 
the primary bone contact and recommends maintaining 
a reduced bone gap as much as possible. For this reason, 
bone powder was rarely used, and sutures or small wires 
were used instead of fixation with plates and screws.

In this study, the bi-coronal approach showed more 
postoperative complications (including hypesthesia, 
widening scar, and hair loss) than did the pretrichial 
(anterior hairline) approach. There was a patient with 
a previous history of filler injection in the areas supe-
rior to the supraorbital ridge (classification II) who had 
a wound infection (patient no. 23). The infection was 
successfully treated conservatively with surgical drainage 
and partial removal of the expanded polyethyl fluoroeth-
ylene implant. Pretrichial incision also offers more ben-
efits for simultaneous hairline advancement and brow 
lift in 1-stage operation. Nevertheless, hair transplanta-
tion is usually performed in another stage under local 
anesthesia to reduce the risks of long operation time. 
Hairline advancement with secondary hair transplanta-
tion usually requires less hair follicles than in a single 
procedure. Because this study focused on forehead and 
hairline feminization surgery, some patients in this study 
who had forehead surgery still showed masculinity in 
other body parts.

CONCLUSIONS
The key to the success of forehead contouring surgery 

is the precise measurement of the boundary of the frontal 
sinus. This technique provides a practical way to estimate 
the frontal sinus sizes and shapes in the female transgen-
der forehead to avoid intraoperative complications and 

reduces the possibility of the multi-segment osteotomy. 
More studies are required to evaluate the relationship 
between the frontal sinus and the degree of protrusion 
of the supraorbital ridge. The esthetic concerns still vary 
depending on race, culture, and social acceptance in each 
global area.
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