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AbStrACt
objective/hypothesis
To compare the reliability of three different pedicle 
designs of the forehead flap (classic paramedian-, 
glabellar paramedian- and hybrid midline design) 
and evaluate the complications, functional and aes-
thetic results of reconstruction of large or complex 
nasal defects

Study design
Retrospective analysis of patient data and outcomes 
retrieved from computer files generated at the time 
of surgery supplemented by data from the patient 
charts.

methods 
Data collected included patient characteristics, 
method of repair, complications, functional out-
come and patient satisfaction score. For cosmetic 
outcome, photographic documentation of patients 
with a minimum follow-up of three months was 
used. 

results
A cohort of 300 consecutive patients from a 19-year 
period underwent primary forehead flap repair of 
nasal defects. Partial flap necrosis was reported in 
three patients (1%). Only one partial flap loss oc-
curred in the first stage. Statistically, we found no 
difference in the rate of necrosis between the three 
flap designs (p=0.45). Only diabetes was associated 
with an increased risk of necrosis (p=0.01). Photo-
graphic evaluation in 227 patients show the recon-
structed ala was found to be slightly thicker than the 
contralateral (normal) side in 98% (78/80). Brow 
position (98%) and color match (83%) were good 
in the majority of the patients. Nearly all patients 
(297/300) were satisfied with their nasal appearance.

Conclusions
The hybrid midline forehead flap design was as 
reliable as the paramedian (glabellar and classic) 
forehead flap, providing predictable, long-term re-
sults with good cosmesis. The hybrid midline flap 
is preferred in caudal nasal defects if more effec-
tive length is needed without hair transposition and 
possibly gives a more favorable midline donor site. 
The paramedian design is preferred in cephalic na-
sal defects where the blood supply can be involved. 
Using these different pedicle designs improves the 
results of nasal reconstruction in large or complex 
nasal defects
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introdUCtion
Non-melanoma skin cancer (NMSC) is the most 
common malignancy in the Caucasian popula-
tion with basal cell carcinoma (BCC) represent-
ing 75% and squamous cell carcinoma (SCC) 
20% of all skin cancer cases.1-3 Over the last 
decades, a significant rise in incidence of non-
melanoma skin cancer (NMSC) has been ob-
served.3-5 Of the several available options, sur-
gery is the treatment of choice. 6 In our series of 
over 2000 facial skin tumors, the nose has been 
affected in about 50% of the cases.7

 Compared with other regions in the head and 
neck, nasal reconstruction remains a great chal-
lenge to reconstructive surgeons. The unique 
shape of the nose and its central position make 
any residual deformity potentially obvious. 
By far the most common method to resurface 
middle to large nasal defects (> 1.5 cm) is the 
forehead flap. The forehead provides excellent 
color and texture match and sufficient skin to re-
surface the entire nose. Donor site morbidity is 
acceptable, even with secondary intention heal-
ing of any residual high forehead defect. Most 
importantly, the forehead flap has an extremely 
robust blood supply. The abundant vascular net-
work of the forehead has supported a variety of 
flap and pedicle designs.2,8-11

 In the past, the midline forehead flap12,13 and 
paramedian flap14-17 have been most extensively 
used. In the 1960s a unilateral paramedian flap 
18-21 was designed, based on one feeding supra-
trochlear artery. This paramedian design allows 
for a very small pedicle (1,2 cm) with improved 
rotational freedom, thus creating more effec-
tive length. These flap designs have proved very 
robust with a low failure rate. A disadvantage 
of the paramedian forehead flap design is the 

asymmetrical vertical forehead scar. In the past, 
the wide-based pedicle of the traditional midline 
flap was presumably designed to include the 
blood supply from both supratrochlear arteries. 
However, applied anatomy demonstrated that 
the traditional midline forehead flap, even with 
a very wide central pedicle of 2,5 cm, did not 
include any of the supratrochlear arteries2 and 
that vascularization was based on the central and 
paracentral forehead arteries.10

 The length of a forehead flap pedicle can 
become critical with the paramedian design in 
patients with a low frontal hairline and a defect 
on the nasal tip. An oblique or distally bent flap 
yields increased effective length but is associ-
ated with a more obvious scar with a significant 
risk of brow asymmetry.
 Recent anatomic studies, using latex solu-
tions to fill the arteries, demonstrated the exis-
tence of a central and paracentral forehead artery 
and vein based on the vascular supply from the 
lateral nasal wall/ angular artery.10 This makes 
it possible to yield a midline forehead flap with 
a more acceptable midline scar, gaining more 
effective length as well as maintaining a small 
pedicle.10,11,22,23

 In this study we reviewed the reliability of 
three forehead flap designs (classic paramedi-
an-, glabellar paramedian- and hybrid midline 
forehead flap). Secondary aims included evalua-
tions of functional and aesthetic results.

Vascular anatomy (figure 1)
The rich vascular anatomy of the forehead has 
been the basis for the overall success of fore-
head flaps in the past. Blood supply to the 
forehead has been extensively studied.2,8-11. Ra-
diographic studies clearly show an abundant 
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vascular network with multiple anastomozes 
between the vessels of the forehead both ipsi-
laterally and contralaterally.8 The supratrochlear 
arteries anastomoze with each other across the 
midline of the forehead as well as laterally with 
the supraorbital artery. Progressing further later-
ally, the supraobital artery anastomozes with the 
superficial temporal artery. In the medial canthal 
area the supraorbital, supratrochlear and the an-
gular arteries have multiple anastomozes.8

Injection studies on cadavers demonstrated spe-
cific regions of the forehead based on their pre-

dominant vascular supply.9 The primary blood 
supply to the median- and paramedian region 
was the supratrochlear artery with secondary 
blood supply provided by the nasal dorsal and 
supraorbital arteries. Of note, injection of the fa-
cial artery after ligation of the supraorbital and 
supratrochlear arteries still showed sufficient 
filling of the forehead to supply vertically ori-
ented flaps in the region of the central forehead.2 
The supratrochlear artery exits the superomedial 
orbit 1.7-2.2 cm from the midline.8 It courses 
initially deep to m. frontalis and m. orbicular-

Figure 1.
Fresh cadaver dissection of the periorbital plexus from study of Kleintjes,10 (Figure 1A) reprinted with 
permission.  In the cadaver dissection, the two central arteries (CA) from the dorsal nasal artery (DNA) 
join low, in the glabella area, and continue superiorly as a true midline artery, named the median artery 
(MA). The variation of the angular artery (AA) continuing superiorly along the medial canthal vertical 
line (MCVL), called the paracentral artery (PCA) is seen on the left hemi-forehead. The Supratrochlear 
artery(STrA) was not siginificant on the left because most of its function was then taken over by the PCA.  
MCHL = medial canthal horizontal line, SOrbA =Supraorbital artery, FA= facial artery, IOrbA = infra 
orbital artery. Figure 1B shows schematic drawing of vascular anatomy

1B1A



141

is, but superficial to the m. corrugator. The ar-
tery then passes just medial to the eyebrow and 
pierces the frontalis muscle to lie in a superficial 
subcutaneous plane about the eyebrow level.8 
The vertical subcutaneous course of the supra 
trochlear artery is approximately 1.5- 2 cm from 
the midline.8 However, there is controversy over 
the exact location of the supratrochlear artery 
pedicle. Another study suggests a more medial 
location of the supra trochlear artery.24 Echogra-
phy and anatomic dissection supported the clini-
cal evidence that a forehead flap can be based on 
a pedicle centered on the glabellar crease which 
lies as a mean 10.9 mm from the midline.24 The 
artery delineated, in this study, as the supratroch-
lear artery runs 5 to 13 mm from the midline and 
lies more medial than previous radiological and 
anatomic studies have suggested.8 This type of 
pedicle placement would lead to a flap with a 
superior forehead donor side, which abuts the 
midline. 
 Kleintjes et al10 performed an extensive ca-
daver study on 60 hemi-heads, filling the arterial 
system with latex solution. In about two-thirds 
of these 60 hemi-heads the four arteries of the 
midface/forehead region could be made visible. 
(43 x supratrochlear, 43 x supraorbital,  45 x 
angular artery, 43 x dorsal nasal). The angular 
artery could be located in a vertical line about 
5 mm medial to the medial canthal vertical line, 
communicating with the supratrochlear artery, 
infratrochlear artery and a paracentral artery. If 
the dorsal artery was visible, consistent vascular 
supply of the mid forehead region was found by 
a branch of the nasal dorsal artery, the so-called 
central artery. This central artery supplied the 
glabella and the lower two-thirds of the central 
forehead (figure 1).

 Reece et al studied five fresh cadaver heads 
with computed tomographic angiography. He 
describes a frontal branch of the nasal dorsal ar-
tery, which fills the central part of the forehead.25 
A careful analysis of the CT angiographic pic-
tures shows that the branch of the nasal dorsal 
artery is identical to the central artery as de-
scribed by Kleintjes.
 Also Kelly et al11 and Kishi et al26 found an 
anatomical basis for the narrow-based midline 
forehead flap at the level of the medial canthus. 
In resp. nine and ten fresh frozen cadaver heads 
a reliable anastomotic relationship exists be-
tween the supratrochlear and angular artery or 
a predictable vascular arcade within the parana-
sal region. They both used angular-artery-based 
forehead flaps.

mAtEriAl And mEthodS
The data of patients with forehead flaps was re-
trieved from computerized files generated at the 
time of operation supplemented by data from the 
patient chart. Only primary forehead flaps were 
included. Data collected included patient charac-
teristics (e.g. etiology of defect, location of defect), 
method of repair, functional and cosmetic out-
comes as well as a patient satisfaction score. With 
regard to complications we categorized infection 
and post-operative bleeding as minor complica-
tions while flap necrosis, alar notching and com-
plete nasal obstruction were considered  major 
complications.27

 For the evaluation of cosmetic outcome, only 
patients with photo-documentation follow-up of   
≥3 months were included and evaluated by a dif-
ferent observer (PvdE). The photos were evaluated 
for brow position, tip position, alar retraction, alar 
thickness, size of nares, and flap color match.28
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Surgical techniques
forehead flap. The forehead flap is usually a 
two or three - stage procedure. Given the impact 
of the procedure, patients receive extensive pre-
operative counseling. Most patients are operated 
on general anesthesia, particularly when recon-
structing complex full-thickness defects. The 
patient is positioned supine in approximately 
20 to 300 of reverse Trendelenburg. The nasal 
esthetic sub- units are first drawn directly onto 
the nose29,30 prior to injection with a mixture of 
local anesthesia (1 % lidocaine and marcaine 
0,5% with 1: 100.000 epinephrine). If indicated 
the remainder of the tip and/or alar sub-unit are 
removed to enhance scar placement. A precise 
template is made of the defect using the foil of 
a suture packet. The template is then transferred 
to the donor site of the forehead whilst paying 
careful attention to retain the correct orientation 
of defect to the template and forehead pattern to 
avoid the creation of a mirror image skin paddle. 

We have almost exclusively used three types of 
forehead flaps:  

1) The classic paramedian forehead flap; the 
entire vertical axis of the flap is shifted to a 
paramedian position, and lies above the ana-
tomic position of supratrochlear artery, 2 cm 
from the midline. (figure 2) 

2) The glabellar paramedian forehead flap, the 
skin paddle abuts the midline and pedicle lies 
over the glabellar frown line and is curved 
towards the medial canthal area. (figure 2)  

3) The hybrid midline forehead flap10,11,22 the 
skin paddle is located in the precise anatomic 
center of the forehead and the flap pedicle is 
more obliquely curved so the base of the flap is 
angled to the medial canthal area (figure 3).

 The pedicle design has migrated progres-
sively medially and then inferiorly over the 
years from paramedian to glabellar crease to the 
most recent design, the hybrid midline flap. The 
change was initiated in an attempt to achieve 
more effective length and improved donor site 

Figure 2. Glabellar paramedian design on right 
side, classic paramedian design on left side of 
patient.

Figure 3. Hybrid midline design in central fore-
head, classic paramedian design on left side. 
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scar whilst maintaining the robustness of the 
vascular supply. The width of the forehead ped-
icle is between 1.2 and 1.5 cm and is placed on 
either the ipsi -or contralateral side. If necessary, 
the pedicles are maximally extended down to 
and sometimes a few millimeters (no more than 
five) below the brow line. Pre-operatively dop-
pler studies to locate the supratrochlear or cen-
tral artery are not routinely performed.
 Elevation of the forehead flap starts in the 
subcutaneous plane and selective thinning is 
performed in the distal 1.5 cm of the flap to 
match the recipient nasal skin thickness. For 
patients with extremely thin skin or significant 
small vessel risk factors, the skin can be elevated 
in a subgaleal plane with a planned intermediated 
stage for debulking. After the distal 1.5cm por-
tion of the flap has been raised in the subcutane-
ous plane the remaining skin paddle and pedicle 
of the forehead flap are always elevated in the 
subgaleal plane.
 Pedicle division takes place after a three-
weeks interval in a two-stage approach. If a three-
stage approach is planned, at the three-week in-
terval the second stage (intermediate stage) is 
performed. After a subsequent further delay of 
three weeks the final pedicle division occurs at 
the third stage (six weeks following first stage). 
The proximal pedicle can be inserted as a small 
flap (avoiding placement higher than the superior 
border of the brow) or resected and closed in a 
linear fashion. 

Structural support. 
Lateral and inferior nasal defects are often rein-
forced with autogenous cartilage grafts to prevent 
sidewall collapse and cephalic soft tissue retrac-
tion. Conchal cartilage is often used to reinforce 

the alar lobule, tip and sidewall while septal carti-
lage is used mainly to reinforce the sidewall. The 
grafts are placed in an (non-) anatomical position 
and secured to the internal lining with a mattress 
absorbable suture.

internal lining. 
Defects of the internal lining require meticulous 
repair. Very small defects can be closed primarily 
or left to heal by secondary intention. There are 
numerous grafts and flaps available to repair the 
internal lining. In our clinical practice we have 
found the use of a reconstructive ladder (skin 
grafts-composite grafts-local flaps according to 
donor side (lateral wall, septal mucosa) and re-
gional flaps (e.g. folded forehead flap)31 helpful 
in planning the repair of these difficult defects.

rESUltS
A cohort of 300 consecutive patients from a 19-
year period (1991 and 2010) underwent primary 
forehead flap repair of nasal defects by the senior 
author (HDV). Patient characteristics are de-
picted in table 1. The mean follow-up was 24 
months (range 3-103 months). Most nasal defects 
were caused by a non-melanoma skin cancer 
excision (NMSC) (288) using both Mohs’ and 
standard paraffin techniques. One hundred and 
fourteen (38%) of these patients were treated for 
recurrent NMSC. Five patients were treated for 
lentigo maligna or melanoma and seven patients 
for traumatic or congenital deformities. Structural 
support was required in 218 patients (216 conchal 
cartilage grafts and two rib grafts). The surgical 
details pertaining to the three types of forehead 
flap are shown in table 2.

One hundred and thirty patients underwent an 
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Table 1. Patient characteristics and different types of forehead flaps. 

   

Classic 

Paramedian 

Glabellar 

Paramedian 

Hybrid 

Midline Total 

   N = 39 N = 194 N = 67 N = 300 
       
Age Median  68 68 67 68 

 (Range)  (35 - 87) (25 - 92) (17 - 87) (17 - 92) 

       

Gender M  25 (64%) 86 (44%) 25 (37%) 136 (45%) 

 V  14 (36%) 108 (56%) 42 (63%) 164 (55%) 

      

Vascular disease No  27 (69%) 129 (66%) 49 (73%) 205 (68%) 

 Yes  8 (21%) 35 (18%) 8 (12%) 51 (17%) 

 Unknown  4 (10%) 30 (15%) 10 (15%) 44 (15%) 

       

Diabetic No  30 (77%) 154 (79%) 54 (81%) 238 (79%) 

 Yes  5 (13%) 9 (5%) 5 (7%) 19 (6%) 

 Unknown  4 (10%) 31 (16%) 8 (12%) 43 (14%) 

       

Smoking No  30 (77%) 132 (68%) 53 (79%) 215 (72%) 

 Yes  5 (13%) 32 (16%) 6 (9%) 43 (14%) 

 Unknown  4 (10%) 30 (15%) 8 (12%) 42 (14%) 
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Table 2. Surgery details of different types of forehead flaps. 

   

Classic 

Paramedian 

Glabellar 

Paramedian 

Hybrid 

Midline Total 

   N = 39 N = 194 N = 67 N = 300 

       

Phases 2  16 (41%) 106 (55%) 47 (70%) 169 (56%) 

 3  22 (56%) 88 (45%) 20 (30%) 130 (43%) 

 Unknown  1 (3%) 0 (0%) 0 (0%)   1 (<1%) 

      

Hair Transposition Yes  9 (23%) 26 (13%) 5 (7%) 40 (13%) 

 No  30 (77%) 168 (87%) 62 (93%) 260 (87%) 

       

Location Contralateral 5 (13%) 59 (30%) 56 (84%) 120 (40%) 

 Ipsilateral 34 (87%) 135 (70%) 11 (16%) 180 (60%) 

       

Pedicle Below Brow 10 (26%) 135 (70%) 59 (88%) 204 (68%) 

 Above Brow 29 (74%) 59 (30%) 8 (12%) 96 (32%) 

      

Nasal subunit Tip              17 (44%) 87 (45%) 28 (42%) 132 (44%) 

Prim affected* Ala           9 (23%) 54 (28%) 20 (30%) 83 (28%) 

 Sidewall       7 (18%) 29 (15%) 15 (22%) 51 (17%) 

 Dorsal 6 (15%) 24 (12%) 4(6%) 34 (11%) 

      

Defect Full-Thickness           18 (46%) 67 (35%) 13 (19%) 98 (33%) 

 Partial Thickness 21 (54%) 127 (65%) 54 (81%) 202 (67%) 

      

Subunit Rule Yes  26 (67%) 131 (68%) 35 (52%) 192 (64%) 

 No  26 (67%) 63 (32%) 32 (48%) 108 (36%) 

       

 

*Although most defects involved multiple nasal subunits, the primary affected subunit is used to 

delineate location.  
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intermediate phase (three stage approach) with 
final pedicle division at six weeks. In our practice 
this is primarily indicated in smokers (72%) and 
diabetics. Because of the risks of skin loss in the 
superior part of the defect after pedicle division 
in these patients, an intermediate stage is added 
to enable flap thinning and safer pedicle division 
at the subsequent (third) stage. Other indications 
for a three-stage approach in our clinical practice 
are; full thickness nasal defects (66%, (65/98)), 
and complex tip defects requiring advanced rhi-
noplasty cartilage grafting techniques for further 
shaping to optimize the aesthetic result. 
 Hair transposition to the nose was lower in 
the hybrid midline forehead flap (7%) in com-
parison to the classic paramedian (23%) and 
glabellar paramedian flap (13%). Specific tech-
niques, which are identi-
cally used in rhinoplasty 
such as tip grafts, spreader 
grafts, rim grafts, alar strut 
grafts and tip sutures as 
well as septoplasty, were 
performed in 78 (26%) pa-
tients. 
 About one quarter of 
the patients (98x) present-
ed with a full thickness de-
fect (figure 4). The main 
technique utilized for lin-
ing reconstruction was the 
hinged lateral nasal wall 
flap in 52 patients (50% 
52/98). In a proportion of 
these cases, a large skin 
defect was present at the 
periphery of the full thick-
ness defect; this precludes 

the use of a hinged lateral nasal wall flap as a 
primary reconstruction method for inner lining. 
In these instances we delayed the inner lining 
reconstruction and initially only skin grafted the 
raw skin defect on the edge of the full thickness 
defect with FTSG (usually supra clavicular). Al-
though an extra stage added, it still allowed sub-
sequent utilization of hinged lateral nasal wall 
flap to reconstruct the inner lining at the three 
week stage (second stage). Further common in-
ner lining reconstructive techniques included 
ipsilateral septal mucosal flap (31 patients) and 
folded forehead flap (22 patients). In nine cases 
a combination of hinged lateral wall with a sep-
tal mucosal flap was used. 
 There were eight minor complications. Six 
patients had postoperative infections successful-

Table 3. Patients with (partial) flap necrosis. 

 Patient 1 Patient 2 Patient 3 

m/f f f f 

Age 57 56 78 

Vascular disease x - x 

Smoking x x - 

Diabetic x - x 

Full-thickness defect - - - 

Classic paramedian design  x  

Glabellar paremedian design x  x 

Phase of necrosis 2e 2e 1e  

Site of flap necrosis cephalic cephalic caudal 
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4A 4B

4C

4F4E

4D

Figure 4. Patient treated with Mohs excision for a large recurrent BCC resulted in a large  full-thickness 
defect repaired with a turn in lateral wall flap.  A, The original defect. B, Inner lining restored with turn-
in lateral wall flap and ear cartilage used to support lateral wall, remaining  alar skin unit resected. C, 
Paramedian forehead flap inset with pedicle base extended below the brow. Pedicle divided at second 
stage. D-F Final results after 14months, good color and texture match with a thicker alar rim. Improve-
ment of supra alar crease and thinning of free alar border was offered, but declined by the patient.
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Table 4. Risk factors for (partial) necrosis. 

Necrosis   No Yes p-value 

   N = 297 N = 3  

      

Method Classic paramedian  38 (97%) 1 (3%) 0.45 

 Glabellar paramedian  192 (99%) 2 (1%)  

 Hybrid Midline  67 (100%) 0 (0%)  

     

Defect Full Thickness 98 (100%) 0 (0%) 0.55 

 Partial Thickness 199 (99%) 3 (1%)  

     

Vascular Disease No  204 (100%) 1 (<1%) 0.10 

 Yes  49 (96%) 2 (4%)  

 Missing  44 (15%) 0 (0%)  

      

Diabetic No  237 (100%) 1 (<1%) 0.01 

 Yes  17 (89%) 2 (11%)  

 Missing  43 (14%) 0 (0%)  

      

Smoking No  213 (99%) 2 (<1%) 0.42 

 Yes  42 (98%) 1 (2%)  

 Missing  42 (14%) 0 (0%)  

      

Location Contralateral 118 (98%) 2 (2%) 0.57 

 Ipsilateral 179 (99%) 1 (<1%)  

      

Pedicle Below Brow 203 (100%) 1 (<1%) 0.24 

 Above Brow 94 (98%) 2 (2%)  
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ly treated with antibiotics. Two patients needed 
coagulation for persistent bleeding from the flap 
edge. We considered (partial) loss of flap, nasal 
obstruction and alar notching major complica-
tions. 
 Flap necrosis was reported in three patients 
(1%), two in the glabellar paramedian design 
and one in the classic paramedian design. (For 
details see table 3) In total six patients (2%) 
complained of nasal obstruction. In eight pa-
tients (3%) alar notching occurred. There was 
an overall 6% (17/300) major complication rate. 
 table 4 demonstrates the various pedicle de-
signs in relation to different risk factors. The rate 
of flap necrosis was not different between the 
three flap designs (p=0.45). Only diabetes ap-
peared to be of significant influence for the de-
velopment of necrosis, which was independent 
of the type of reconstruction used. (p =0.01)
 The cosmetic outcome could be evaluated 
in 227 (76%) of the patients with a minimal 
follow-up of three months. The outcomes are 
summarized in table 5. 34 Percent (78/227) of 
the reconstructed alas were scored as thicker, 
whereas in 16 % the reconstructed nostril ostium 
was also scored as smaller than the contralateral 
side. In the total series of 300 forehead flaps, 
80 alar subunits were primarily affected while 
almost all slightly thicker alar rims appeared in 
these reconstructed areas (98%; (78/80)). Sur-
prisingly, in cases with smaller nasal ostia post 
surgery, there was no significant correlation 
to increased complaints of nasal obstruction. 
Asymmetry of the nasal ostia was often found in 
combination with a thickened ala, mostly aris-
ing after reconstruction of full-thickness defects. 
figure 5 shows an example of an asymmetry of 
the nasal base.

 Flap color match was found to be good in 188 
patients and moderate in 38 patients. The vast 
majority of the patients, over 99% (297/300) 
were satisfied with their nasal appearance as 
was recorded in the patients’ files.  Four patients 
required unplanned thinning of the skin flap and 
one patient received scar revision. Two patients 
with large full-thickness defects needed major 
surgical revisions. 

diSCUSSion
This study evaluates three forehead flap designs, 
1) classic paramedian, 2) glabellar paramedian 
and 3) hybrid midline for nasal reconstruction 
of complex or large nasal defects. The primary 
aim of this study was to compare the reliability 
of the different pedicle designs. Secondary aims 
included comparisons of functional and aesthet-
ic results. 
 The hybrid midline forehead flap was de-
signed to create an increase in effective length 
of the flap, without compromising the cosmetic 
appearance of forehead scarring. This effect is 
particularly useful in patients with a low fron-
tal hairline to reduce the risk of transposition of 
hairs onto the reconstructed nose. Although an 
alternately longer effective length can also be 
achieved by a non-vertical design (either oblique 
or distally bent) these types of flaps have a ten-
dency to leave a more obvious donor site scar 
and harbor the risk of brow malposition. 
 In the literature many anatomical studies 
have shown that forehead flaps are based on the 
robust vascular plexus to the forehead via the su-
praorbital, supratrochlear, and terminal branches 
of the angular and dorsal nasal vessels.2,8-11,26 In 
the past, designs of the forehead flap were based 
on the assumption that the paramedian region 
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5A

5D5C

5B

Figure 5. 
Asymmetry of the nasal base, due to a slightly thicker alar rim and outward bulging of the cartilage 
implant. Frontal and oblique views are normal, good color and texture match. A two-stage glabellar 
paramedian forehead flap was used and the inner lining was restored with a turn in lateral wall flap 
and ear cartilage to support lateral wall.
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Table 5. Cosmetic outcome of 227 forehead flaps, evaluation of available photo series 

as well as the results of the cosmetic outcome in full-thcikness defects.

 

  Classic 

Paramedian 

(34) 

Glabellar 

Paramedian 

(140) 

Hybrid 

Midline 

(53) 

 Total Full-Thickness 

Defect  

(76) 

       

Brow position Good 

Bad 

33 (97%) 

1 (3%) 

138 (99%) 

2 (1%) 

52 (98%) 

1 (2%) 

223 (98%) 

4 (2%) 

74 

2 

       

Tip position Good 

Bad 

30 (88%) 

4 (12%) 

135 (96%) 

5 (4%) 

52 (98%) 

1 (2%) 

217 (95%) 

10 (5%) 

68 (89%) 

8 (11%) 

       

Alar retraction No 

Yes 

31 (91%) 

3 (7%) 

135 (96%) 

5 (4%) 

53(100%) 

0 

219 (96%) 

8 (4%) 

68 (89%) 

8 (11% 

       

Alar thickness Equal 

Thicker 

Thinner 

20 (59%) 

13 (38% 

1 (3%) 

84 (60%) 

55 (39%) 

1 (1%) 

43 (81%) 

10 (19%) 

- 

147 (65%) 

78 (34%) 

2 (1%) 

23 (30%) 

52 (68%) 

1 (2%) 

       

Ostium nasi Equal 

Too small 

Too large 

25 (74%) 

9 (26%) 

- 

112 (80%) 

25 (18%) 

3 (2%) 

49 (92%) 

3 (6%) 

1 (2%) 

186 (82%) 

37 (16%) 

4 (2%) 

45 (59%) 

28 (37%) 

3  (4%) 

       

Flap color match Good 

Moderate 

Bad 

27 (79%) 

6 (18%) 

1 (3%) 

118 (84%) 

22 (16%) 

- 

46 (87%) 

7 (13%) 

` 

191 (84%) 

35  (15%) 

1 (1%) 

60 (79%) 

15 (29%) 

1 (2%) 
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Figure 6.
 A, Large full-thickness defect. 

B-D, Extended pedicle on 
lateral nasal wall of midline 

forehead flap with good viabili-
ty. Full thickness defect recon-

structed after excising whole 
alar subunit, and lining restored 

with ipsilateral septal mucosal 
flap. Ear cartilage for buttress-

ing the whole sidewall and fore-
head flap in three phases. D-F,  

Final result after one year. Note 
the excellent aesthetic result of 

the scar in the central forehead. 

6A 6B

6C 6D

6F6E 6G
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of the forehead is primarily nourished by the su-
pratrochlear artery. This artery exits the medial 
corner of the superior bony orbit, approximate-
ly 1.7 to 2.2 cm from the midline. The study of 
Kleintjes et al.10 eloquently clarifies the vascu-
lar supply of the medial forehead by describing 
the central and paracentral forehead artery and 
vein, originating from the angular artery. This has 
caused a paradigm shift in understanding of the 
vascular anatomy of the medial forehead. It can 
now be concluded that the central and paracentral 
forehead artery are the anatomic basis for feed-
ing the hybrid midline forehead flap.10 There are 
also robust and reliable anastomozes between the 
supratrochlear artery and the arteries in the me-
dial canthal area (angular, nasal dorsal, central 
artery)11 which may contribute to the supply of 
both the central artery and / or the supratrochlear 
artery. 
 Flap necrosis was only reported in three pa-
tients (1%), which makes it difficult to determine 
any significant difference between the different 
designs. Since necrosis occurred only once af-
ter pedicle division in the first stage of surgery, 
the pedicle design does not seem to be related to 
necrosis. (p=0.45) Of the other risk factors only 
diabetes was associated with an increased risk of 
necrosis (p=0.01). In the literature only one other 
study showed a trend of forehead flap necrosis in 
diabetic patients, failing however, to reach sig-
nificance (p=0.06).27 Overall it is difficult to draw 
any conclusions from the effect of diabetes on the 
outcome of various other flaps, as the literature 
remains inconsistent.32-34

 In general it is difficult to determine specific 
risk factors for flap necrosis. So far, correlations 
with smoking have only been determined in a 
univariate analysis.27,28 Useful multivariate risk 

analyzes on this issue are lacking because of the 
low incidence rates of these complications.
 In our series all three analyzed types of pedicle 
design were equally reliable in terms of vascular 
supply. Our result compares favorably with pub-
lished series reporting a necrosis percentage rang-
ing from 0-13% without differentiating between 
the various forehead flap designs.17,22,23,27,28,35-41

 The hybrid midline forehead flap has advan-
tages over the paramedian forehead flap. The 
oblique pedicle of the midline forehead flap ex-
tends below the brow and lowers the pivot point 
of the flap, thereby creating a longer reach, espe-
cially if the pedicle is extended to the lateral na-
sal wall. (figure 6) When a contralateral design 
is used, it is less visible to the patient and thus 
more comfortable. In using this hybrid midline 
forehead flap viability may still be compromized 
as the blood supply relies solely on the angular 
artery and its branches. In our experience it ap-
pears reasonably safe to go 0.5 cm below the 
brow with careful manipulation of the pedicle to 
allow for refill and recovery from surgery and lo-
cal anaesthetics. Kleintjes et al demonstrated that 
the base of the flap could be extended downwards 
to a horizontal line through the medial canthus.10 
Kelly et al even reported that the base of the flap 
had been extended up to 2.5 cm below the medial 
canthus.11 However, the lack of a careful analysis 
of flap survival data makes this paper less inter-
esting. The longer reach of the hybrid midline 
flap makes it very useful for reconstructing lower 
defects of the nose (tip, ala and columella), par-
ticularly for patients with low frontal hairlines. 
The improved cosmesis of scarring at the donor 
site is consistent with the principle of aesthetic 
units 42, which makes this flap also a good alterna-
tive.
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 The disadvantage of the hybrid midline flap 
is the resulting triangular flap which is replaced 
to the medial brow or even lower on the nasal 
frontal angle/sidewall area of the nose. This area 
may unfortunately remain thickened for a sig-
nificant period of time. The midline design is 
at risk in cephalic nasal defects, where both the 
pedicle and defect occur in the same area. For 
specific cases a paramedian design is to be pre-
ferred. 
 The incidence of the other major complica-
tions of nasal blockage (2%; 6/300) and alar 
notching (3%; 8/300), is comparable with other 
published series. Little et al found in their series 
of 205 forehead flaps 10 (4.9 %) nasal obstruc-
tion and 20 (9.8%) alar notching.27 We observed 
that six out of eight cases of alar notching and all 
cases of nasal blockage occurred in full thick-
ness defects, indicating that defects requiring in-
ner lining and cartilage framework reconstruc-
tion still remain a difficult surgical issue, even 
in experienced hands. 
 Cosmetically, one of the commonest prob-
lems encountered in nasal reconstruction, partic-
ularly in full thickness alar defects, is thickening 
of the alar rim.27 In our series of 227 photograph-
ic analyzes, 78 reconstructed ala were slightly 
thicker than the contralateral side. These were 
mostly the reconstructed alar subunits (in total 
80 alar subunits were primarily affected).  In an 
attempt to reduce the risk of necrosis and alar 
notching, we aim to avoid aggressive thinning of 
the flap. Consequently distal flaps are left slight-
ly thicker to ensure viability. This practice may 
partly explain the increased risk of asymmetry 
in these reconstructions. A slightly thicker alar 
rim can lead to a smaller ostium nasi and leads 
to alar base asymmetry. Surprisingly, none of 

the patients with alar base asymmetry, requested 
any revision surgery. This is most probably ex-
plained by the fact that the basal photographic 
view remains the least noticeable to patients. 

ConClUSion.
In this large series of 300 forehead flaps we 
found that the hybrid midline forehead flap de-
sign was as reliable as the paramedian (glabellar 
and classic) forehead flap, providing predictable 
long-term results. If more effective length of the 
forehead flap is needed without hair transposi-
tion we prefer the hybrid midline flap for re-
construction of caudal defects of the nose. This 
design possibly gives a more favorable midline 
donor scar. If cephalic parts of the nose, (where 
the blood supply is at danger) need to be recon-
structed a paramedian design is preferred. The 
use of different pedicle designs advances the 
sophistication of the reconstructive surgeon and 
improves cosmetic results. 
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