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INTRODUCTION
The standards for an attractive and beautiful face 

vary depending on age, ethnicity, race, sex, and per-
sonal preferences. In addition to the individual beauty 
of each facial region, such as eyes and nose, the overall 
facial proportion is also an important criterion in facial 
esthetics.1,2 A 1:1:1 ratio of hairline to eyebrow, eyebrow 
to nasal tip, and nasal tip to chin has long been consid-
ered an ideal vertical ratio for achieving a beautiful face 
(Fig. 1). However, because a smaller forehead compared 
with other areas of the face makes the face look smaller 
and younger, this has recently become a trend.3,4 Further, 

the length of the eyelids is crucial in achieving an attrac-
tive face. Short eyelids lead to an unclear double-fold 
(DF) line, which undermines the clarity of the eyes, thus 
making the face less attractive. The forehead length and 
the eyelid length of the upper face play an important 
role in achieving an attractive face.

Younger adults in their 20s and 30s who congenitally 
have a long forehead, high hairline, and low eyebrows, or 
adults in their 40s and older with superior migration of 
the hairline and inferior migration of the eyebrow as a 
result of the aging process show a vast interest in forehead 
reduction surgery to achieve a more attractive face.5,6 The 
reason is presumably that esthetic standards now account 
for a greater percentage of their quality of life in today’s 
modern society.

Extensive research has been conducted on this topic. 
Various surgical techniques have been developed for 
the forehead area, including direct forehead shorten-
ing surgical techniques using bicoronal incision and 
hairline incision, and eyebrow lift surgical techniques 
using endoscopy.5,7–9 However, there are limited studies 
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concurrently examining forehead shortening and eye-
brow lifting.

We have researched such methods for forehead 
height reduction and eyebrow lifting in a one-stage oper-
ation using a single incision line by using the changes 
in flap movement direction, adjustment with the range 
of skin excision, and differences in flap dissection in 
consideration of patients’ hairlines and eyebrow levels. 
Here, we introduce the bidirectional forehead narrow-
ing and eyebrow lifting (BiNaLi) technique, a surgical 
technique developed by our institution to promote con-
current forehead hairline correction and eyebrow lifting.

METHODS AND SURGICAL TECHNIQUE
Five hundred seventy-six patients who visited our 

institution between March 2014 and February 2019 were 
divided into 4 groups according to the aforementioned 
criteria, and BiNaLi operation was performed as appropri-
ate for each group (Table 1). Before surgery, the forehead 
length was checked by actually measuring the length from 
the hairline to the eyebrow and analyzed in consideration 
of the overall facial ratio. Surgery was only performed 
when the forehead to midface ratio was 0.9:1 or greater 
(Fig. 1). Patients with a history of surgery and procedure 
on the forehead area (eg, fat graft, filler, hair transplant) 
or with a disease on the forehead and scalp were excluded 
from the study because these factors could affect the dis-
placement of the forehead and scalp flap. For measuring 
the length in the outcome analysis, a horizontal line was 
drawn at the highest point of the eyebrow as the reference 
line, and the length was measured from the median and 
temporal crest line for outcome analysis. For the eyelids, a 
vertical line was drawn from the center of the pupil while 
the patient opened the eyes comfortably and gazed at a far 
distance; the distance from the gray line to the eyebrows 
was analyzed (Fig. 1 and Table 2).

Preoperative Design
After confirming the range of skin excision in consid-

eration of skin laxity using a finger gliding test, the skin 
excision amount was determined in consideration of 
patient’s need and face ratio. The incision line was drawn 
from 3 mm behind the marked hairline to consider the 
transition zone for thin hair and thick hair in the hair 
line margin. A 1.2- to 1.5-cm–thick wave shape was used in 
consideration of the blood circulation and potential scar-
ring (Fig. 2A). The design for the temporal crest lateral 
area varied depending on whether the M-shaped hairline 
required correction or not. About 3 mm of additional skin 
excision was planned in the lateral area of the temporal 
crest compared with the medial area for groups III and 
IV to correct the M-shaped hairline (Fig. 2B). (An exci-
sion >3 mm was not performed because it is highly likely 
to induce scar widening.)

Operative Procedure
Incision
Skin excision was performed via the trichophytic inci-

sion method using a #15 blade along the preplanned line 
to minimize damage to hair follicles.7 When excising skin 
including the subcutaneous fat layer, nerves visible to eye 

Table 1. Criteria for Dividing into 4 Groups and the Number of Patients in Each Group

Group I Group II Group III Group IV Total

Patients in need of forehead narrowing ○ ○ ○ ○  
Patients in need of eyebrow lifting  ○  ○  
Patients in need of M-shaped hair line correction   ○ ○  
Patients lost to follow-up before 5 mo 46 22 13 12 93
No. patients for outcome analysis 151 124 94 114 483
Total 197 146 107 126 576
Patients were divided into 4 groups according to the need of forehead shortening: group I, only forehead shortening without adjusting hairline shape or eyebrow 
level; group II, forehead shortening with elevation of eyebrows while maintaining hairline; group III, requiring correction of M-shape hairline and forehead short-
ening without adjusting eyebrow level; and group IV, require correction of M-shape hairline, elevation of eyebrow level, and forehead shortening. Circles (“○”) 
indicate what type of forehead shortening is involved; empty cells indicate “not applicable.”

Fig. 1. Standard for dividing face ratio and point of measuring 
forehead length. Upper face: from hairline to eyebrow; middle 
face: from eyebrow to nasal tip; and lower face: from nasal tip to 
chin. Star indicates forehead median length; circle indicates fore-
head temporal crest line length; and double circle indicates eyelid 
length.
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were preserved as much as possible to minimize sensory 
loss by preserving the sensory nerves in the frontal muscle 
belly of the bilateral area.10,11

Flap Dissection
Following skin excision, a 1-cm dissection was made 

toward the cephalic direction in the subdermal layer to 
enhance the mobilization of the scalp flap. Then, galeat-
omy was performed on a 4 × 1.5 cm area between the bilat-
eral frontalis muscle belly to create a window to elevate the 
scalp flap and forehead flap (Fig. 2C). Flap dissection was 
performed via the window opening, and the direction of 
dissection varied according to the need of patient groups.

 1. Group I: To advance the scalp flap in the caudal direc-
tion, the scalp flap was dissected in the subperiosteal 
layer in the cephalic direction from the incision line 
to beyond the occipital protuberance and temporal 
fusion area (Fig. 3A).

 2. Group II: To advance the forehead flap in the cephalic 
direction for eyebrow elevation, a caudal direction 
dissection was performed on the medial area, with 
reference to the frontal muscle, in the subperiosteal 
layer to the orbital rim area. For forehead shortening, 
the lateral area, including the frontal muscle, was dis-
sected toward the cephalic direction in the subperi-
osteal layer to advance the scalp flap in the caudal 
direction (Fig. 3B).

 3. Group III: First, perform dissection with the group I 
method. Next, additional dissection was performed 
in the subgaleal and subperiosteal layers in the addi-
tional excision range of about 3 mm of the lateral area 
for the correction of the M-shaped hairline to reduce 
the tension. If the tension still remained, it was fur-
ther lowered with a horizontal scoring incision on the 
periosteum (Fig. 3C).

 4. Group IV: First, perform dissection with the group II 
method. Next, additional dissection was performed 
in the subgaleal and subperiosteal layers in the addi-
tional excision range of about 3 mm of the lateral area 
for the correction of the M-shaped hairline to reduce 
the tension. If the tension still remained, it was fur-
ther lowered with a horizontal scoring incision on the 
periosteum (Fig. 3D).

Wound Closure
When advancing the forehead and scalp flap from the 

incision line, we confirmed that the flap was tension-free. 
If there was tension, additional dissection was performed 
in the subdermal layer. Thereafter, the wound was closed 
using 4-0 polydioxanone, 6-0 nylon.

Patient Satisfaction Survey
Outcome assessment was performed 6 months postop-

eratively. First, changes in the forehead length (median, 

Table 2. Demographic and Clinical Information of All Patients

Variables Group I Group II Group III Group IV Total

No. patients 151 124 94 114 483
Sex      
 Male 9 0 35 12 56
 Female 142 124 59 102 427
Age (y)      
 Mean 41.2 43.8 42.8 44.2 42.8
 Range 19–52 24–69 21–51 27–74 19–74
Follow-up period (mo)      
 Mean 7.8 9.1 8.4 13.4 9.6
Operative findings (cm)      
 Preoperative median forehead length (all group) 7.2 7.2 7.0 7.4 7.3
 Postoperative median forehead length (all group) 5.9 5.9 5.8 5.9 5.9
 Shortened median forehead length (all group) 1.3 1.3 1.2 1.5 1.4
 Preoperative lateral forehead length (group III, IV) — — 7.4 7.9 7.4
 Postoperative lateral forehead length (group III, IV) — — 5.9 6.1 6.0
 Shortened lateral forehead length (group III, IV) — — 1.5 1.8 1.7
 Preoperative eyelid length (group II, IV) — 0.8 — 0.7 0.7
 Postoperative eyelid length (group II, IV) — 1.0 — 1.0 1.0
 Shortened eyelid length (group II, IV) — 0.2 — 0.3 0.3

Fig. 2. Design and surgical techniques of bidirectional forehead shortening and eyebrow lifting. a, Design of group i for forehead short-
ening. B, Design of groups iii and iV for forehead shortening and M-shape correction. C, galeatomy procedure performed on a 4 × 1.5 cm 
range.
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lateral line), M-shaped hairline, and eyelid length were 
compared among the groups. A satisfaction survey was 
conducted, which included overall cosmetic satisfaction, 
satisfaction with scar, and complications pertaining to sen-
sory loss as a result of forehead shortening (Table 3).

RESULTS
Of the 576 patients who visited our institution from 

March 2014 to February 2019, the outcomes of 483 
patients (56 men, 427 women) were analyzed after exclud-
ing 93 patients who were lost to follow-up within 5 months. 
The mean age was 42.8 years (19–74 years), and the mean 
follow-up period was 9.6 months (6–27 months). The 
mean preoperative length of the median area of the fore-
head was 7.3 cm (5.9–8.2 cm), and the mean postoperative 
change in length was 1.4 cm (0.9–2.3 cm). Lateral fore-
head length was additionally measured for groups III and 
IV, which had an M-shaped hairline. The mean preopera-
tive length was 7.7 cm (6.3–8.0 cm), and the mean post-
operative change in the length was 1.7 cm (0.9–2.7 cm). 

Eyelid length was measured for groups II and IV, which 
had eyebrow ptosis. The mean preoperative length was 
0.7 cm, and the mean postoperative change in the length 
was 0.3 cm (Table 2).

In the patient satisfaction survey, >90% of the patients 
marked a satisfaction score of 4.0 or higher for items 1, 
2, and 3 that asked about cosmetic satisfaction (Table 3). 
Regarding complications, >80% of the patients considered 
their scars to be acceptable. However, 5 patients who devel-
oped focal alopecia (2 in group III and 3 in group IV) and 
34 patients who had scar widening and discoloration com-
plained of discomfort from the scars. In 4 out of 5 patients 
who developed focal alopecia, the condition was observed 
in the lateral area, the area affected by an M-shaped hair-
line, since 1 month postoperatively. An injection of diluted 
triamcinolone was given on the site from the first month, 
and gradual improvements were observed from 5 months 
with good outcomes after 9 months. However, 1 patient 
underwent hair transplantation for correction of focal 
alopecia. Twenty-nine out of 34 patients who had scar 

Fig. 3. Flap dissection layer and area: (a) group i, (B) group ii, (C) group iii, and (D) group iV. Yellow color 
indicates subperiosteal layer; green color indicates subgaleal layer; and blue color indicates subdermal 
layer.

Table 3. Patient Satisfaction Survey

 

Satisfaction Score

5 4 3 2 1

Cosmetic aspect (%)      
 Did the forehead narrowing and change of facial ratio after surgery have anti-aging effects? (all groups) 38 56 3 0 1
 Are you satisfied with the changes on your DF line achieved with eyebrow elevation after surgery? (group II, IV) 44 52 4 0 0
 Are you satisfied with the changes in your M-shaped hairline after surgery? (group III, IV) 33 48 18 0 1
Complication aspect (%)      
 How much are you satisfied with the scar from surgery? 32 49 12 2 5
 How much are you satisfied with postoperative pain and sensory loss compared with that before surgery? 29 55 11 0 5
A 5-point score indicates complete satisfaction, and 1 point indicates complete dissatisfaction.
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widening and discoloration underwent scar revision for 
correction at 6 months postoperatively, and the remain-
ing 5 patients decided to be followed-up on observation 
upon patient’s request. Regarding sensory loss, which is 
reported as a major complication of forehead shortening 
operation, patients complained about some discomfort 
generally in the median area of the forehead and scalp, 
but >95% of the patients did not have complaints of sen-
sory loss at 6 months postoperatively.

Case 1: Group II
A 24-year-old female patient with a forehead median 

length of 6.7 cm showed concern that her eyelids above 
the DF line were looking thick and were unclear due to 
eyebrow ptosis. Based on the gliding test, we determined 
the excision range as 1.5 cm and performed the BiNaLi 
operation. Twelve months postoperatively, the forehead 
length was 5.5 cm, and the facial ratio was altered. The 
eyebrow level that had been low was elevated, leading to 
a clearer DF line with improvements in the thick-looking 
eyelids (Fig. 4).

Case 2: Group IV
A 26-year-old female patient with a forehead median 

length of 7.3 cm and a lateral forehead length of 7.8 cm 
with a mild M-shaped hairline was concerned that her eye-
brows at a level lower than that of the orbital rim, making 
the DF line unclear and causing a triple-fold and sunken 
eye. Based on the gliding test, we determined the excision 
range as 1.5 cm and performed the BiNaLi operation. Five 
months after the surgery, the forehead median length was 
5.9 cm, and the lateral area was 6.2 cm, confirming that 
the vertical length of the forehead was shortened, and that 
the M-shaped hairline was corrected. Further, the eyebrow 

level was elevated, and as a result, the triple-fold and 
sunken eye was lost, and the DF line became clear (Fig. 5).

DISCUSSION
Persons with a high ratio of the forehead to the entire 

face and unclear DF lines due to low eyebrow levels look 
older than their actual age, which makes the face unat-
tractive. Moreover, posterior migration of the forehead 
hairline or a congenitally formed M-shaped hairline 
aggravates these problems.12–14

To resolve these issues, we developed the BiNaLi tech-
nique. The patients were divided into 4 groups, and the 
technique enabled meeting the different needs of the 
groups by simply adjusting the dissection area and the 
direction of the flap.

If only forehead shortening is needed, as in group I, 
the scalp flap is dissected in the cephalic direction at the 
subperiosteal level and then moved in the caudal direc-
tion. If eyebrow lifting is needed, as in groups II and IV, the 
forehead flap is dissected at the subperiosteal level in the 
caudal direction to the orbital rim through an opening in 
the medial area of the frontal muscle and moved toward 
the cephalic direction. For the scalp flap, the lateral area 
of the frontal muscle is dissected in the cephalic direction 
at the subperiosteal level and moved toward the caudal 
direction. In these groups, cephalic movement of the fore-
head flap led to not only eyebrow lifting but also forehead 
shortening due to caudal movement of the undissected 
medial area of the scalp flap. Although the medial area of 
the scalp flap was not dissected, the laxity of tissues in the 
skin and fat layers superior to the galea layer enabled fore-
head shortening. If correction of an M-shaped hairline is 
required, as in groups III and IV, an additional 3 mm of 
dissection range was set during the design, and the flap 

Fig. 4. Case 1: a 24-year-old female patient with a forehead median length of 6.7 cm and a facial ratio 
of 1:1:0.9 was concerned about her eyelids above the double-fold line looking thick and unclear due 
to eyebrow ptosis. a, Preoperative photograph. B, Photograph taken 12 months after the operation.
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was dissected toward the cephalic direction at the level 
of the subgaleal and subperiosteal layers to increase the 
mobility of the area and correct the hairline.

The BiNaLi technique differs in one critical way from 
the existing forehead surgical methods in that good out-
comes can be achieved even without fixing the flap onto 
a bone. Indeed, in the early stages of BiNaLi, we also 
fixed the scalp flap on the desired site by using a screw or 
polydioxanone suture (PDS) 1-0 to that the moved scalp 
flap adheres at the desired site.15 However, after postoper-
atively palpating the site, we confirmed that using a screw 
or other fixation device does not play a marked role in the 
movement or fixation of the flap. Subsequently, we omit-
ted the fixation of flap in our surgery. We believe that in 
contrast to an endoscopic eyebrow lift surgery, excision 
into the subcutaneous layer including the skin allows mov-
ing the flap so that it adheres to the site even without a 
fixation device. Ensuring sufficient mobility of the fore-
head flap by adequately releasing the periosteum of the 
orbital rim is crucial for eyebrow lifting, and we believe 
that adequately performing this step led to the satisfactory 
outcomes even without a fixation device. We proceeded 
with a forehead shortening surgery without fixing the 
flap and confirmed that the flap was maintained at the 
desired site and that the desired outcomes were achieved 
in the forehead area. In light of this finding, we further 
developed and advanced the BiNaLi technique based on 
an adjustment in the direction of the dissection, the flap 
movement, and the amount of skin excised by elevating 
the flap, which needs to be movable without altering the 
existing tissue and flap position.

However, the technique has a few limitations. First, the 
range of the lift was difficult to establish in patients who 
required eyebrow lifting (groups II and IV). Techniques 

such as endoscopic and bicoronal eyebrow lifting are only 
focused on eyebrow lifting, and the range of lifting can be 
relatively accurately established on the basis of the move-
ment of the forehead flap. However, the BiNaLi technique 
must take into consideration the bidirectional movements 
of the scalp and forehead flaps. Moreover, because the 
mobility of both flaps and the possible range of excision, 
which is determined by a gliding test, differ among patients, 
the range of eyebrow lifting is difficult to accurately estab-
lish. However, as shown in cases 1 and 2, it is still an ade-
quate technique for resolving dissatisfaction with the DF line 
caused by a low eyebrow level (eg, unclear line, triple-fold). 
Hence, we believe that this limitation is not significant.

Furthermore, the amount of correction of an M-shaped 
hairline was also limited. Even if the mobility of the lateral 
portion of the scalp flap is increased by dissecting the lateral 
temporal area, the range of movement can only be increased 
to a certain extent. Thus, we explained to the patients that 
the BiNaLi technique is not suitable for making a correction 
of >5 mm and recommended hair transplantation in such 
cases. However, the technique was still effective in correct-
ing M-shaped hairline to a certain extent, as proved by the 
satisfactory responses from >80% of the patients.

In addition, the problem of scarring remains. Surgical 
techniques without flap fixation to enable bidirectional flap 
movement, such as the BiNaLi technique, are highly likely to 
cause scar widening due to the bidirectional tension. Thus, 
we set the range of dissection as wide as possible to secure 
sufficient range of flap movement without tension, and the 
range was set even wider near the temporal crest. As a result, 
>80% of the patients were highly satisfied with their scars at 
6 months after operation. However, in 6% of the cases (n = 
29), scar revision had to be performed because of excessive 
scarring as a result of high tension despite checking with a 

Fig. 5. Case 2: a 26-year-old female patient with a forehead median length of 7.3 cm and a lateral fore-
head length of 7.8 cm with a mild M-shaped hairline was concerned about her eyebrows being at a level 
lower than that of the orbital rim, which made the double-fold line unclear and caused a triple-fold and 
sunken eye. a, Preoperative photograph. B, Photograph 5 months after the operation.
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gliding test; revision was also necessary in patients in groups 
III and IV, who were more vulnerable to tension in the lat-
eral forehead area. These cases improved within a period of 
6 months after scar revision with the patients considering 
the resultant scar to be acceptable.

Finally, evaluation was only performed at the 6-month 
follow-up, and longer-term follow-up evaluation would 
have been ideal; however, >6-month follow-up is diffi-
cult depending on the nature of esthetic surgery. When 
patients experience no side effects or are satisfied with the 
outcome of the surgery, the number of patients who visit 
the clinic for follow-up after >6 months decreases dramati-
cally. Thus, in consideration of the maturation period of 
the scar at the surgical site and the period during which 
most patients could be followed-up, the evaluation time 
point was compromised to be 6 months.

The BiNaLi surgical technique, which achieves desired 
outcomes by adjusting the direction of flap movement by 
varying the area of dissection, has the following benefits. 
First, it is less invasive than the existing surgeries for the 
forehead area because it does necessitate drilling into the 
bone or fixation of a screw. Further, owing to its simpler 
procedure, the surgery duration is shortened. In addition, 
several objectives can be attained through a single opera-
tion, including a youthful and attractive face through fore-
head shortening, a clear DF line through eyebrow lifting, 
and correction of a mild M-shaped hairline.
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