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Background: Facial burns represent between one-fourth and one-third of
all burns. The long-term sequelae of periorbital burns include significant
ectropion and lagophthalmos as a result of secondary burn contractures in
the lower and upper eyelids, in addition to complete or incomplete alope-
cia of the eyebrows.

Methods: A retrospective study of 14 reconstructive procedures for 12 post-
burn faces was conducted with all procedures performed since 2010 at the
Department of Plastic Surgery, Al-Hussein University Hospital, and at the Cra-
niofacial Unit, Nasser Institute Hospital. Four patients experienced chemi-
cal burns, and 8 patients experienced thermal burns. All patients underwent
periorbital reconstruction using a bifurcated superficial temporal artery island
flap to reconstruct the eyebrows, correct the lagophthalmos, and release the
ectropion in both the upper and the lower eyelids. Two patients underwent bi-
lateral periorbital flap reconstruction. The mean age of patients was 29 years,
and the study was conducted on 8 males and 4 females. Patient satisfaction was
assessed using a questionnaire completed by all patients postoperatively.
Results: The complete release of both the upper and the lower eyelids
was achieved in all cases, together with ideal replacement of brow hair;
no complications were noted, apart from one case in which a loss of hair
density in the new eyebrow was observed, combined with the partial loss of
the flap in the lower eyelid. Patient satisfaction results were collected and
assembled in a table.

Conclusion: A bifurcated superficial temporal artery island flap is an in-
novative flap for reconstructing both burned eyebrows and eyelids. (Plast
Reconstr Surg Glob Open 2016,4:¢748; doi: 10.1097/GOX.0000000000000744;
Published online 17 June 2016.)

eriorbital burns are considered a challenging
problem of an important aesthetic unit of the
face.! Periorbital burns can result in excessive
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cicatricial healing and the distortion of soft tissue
around the eye, which may result in eyelid distor-
tion, scleral show, and/or loss of an eyebrow.?
Traditional problem solving includes skin grafts
or moving the local flaps up to free flap; however,
none of these approaches can address the differ-
ent anatomical areas of interest, and each patient
should always be presented with multiple solutions.”
Since the introduction of temporoparietal fascia flap
in 1898 by Golovine,* in ear reconstruction, and by
Monks,” in lower eyelid reconstruction, the flap has
widely been used in various reconstructive situations.
In 1983, Gillies® described the use of the pedicled
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scalp flap based on the superficial temporal artery for
the reconstruction of lip and eyebrow defects. Follow-
ing that, Ellis et al’ reported 2 patients on whom the
flap was used for lower eyelid and malar reconstruc-
tion with success. In 2001, Juri® described the usage
of the island scalp flap based on the superficial tem-
poral artery to reconstruct eyebrow alopecia either
congenital or postburn. In this study, we present a
single pertinent solution to address all problems in
the periorbital area. By using 2 island flaps based on
the superficial temporal artery, we replace burnt eye-
brow hair and release the upper and lower eyelids
with soft tissue not amenable to contraction.

Our idea arose from an understanding of the
anatomical art of the superficial temporal artery.
Lie et al’ in their anatomical study showed that
the superficial temporal artery divides into 2 ma-
jor branches, the frontal and the parietal, either
at a higher position or at a lower position in rela-
tion to the horizontal line of the superior orbital
rim (Fig. 1)." They observed that the temporal
branch of facial nerve and its terminal branches
were located in the area inferior to the frontal ar-
tery and ran deeper to the temporoparietal fascia
in the high-location type (Fig. 2), while when the
frontal artery was a low-location type, one or more
terminal branches of the temporal nerve emerged
superior or interweaved with the frontal artery in
the region above the horizontal plane of the upper
orbital rim.? Therefore, special care should be taken
to avoid nerve damage during dissection of the ped-
icle of the flap based on the frontal branch.”

The frontal and parietal branches are similar in
size. The mean diameters of the vessels are 2.14mm
for the superficial temporal artery, 1.61mm for
the frontal branch, and 1.68 mm for the parietal
branch." Cadaver studies have shown that the posi-
tion of the frontal branch is less variable than that
of the parietal branch of the superficial temporal
artery.”” Therefore, in our study, we determined
the site of the parietal branch using palpation and
Doppler ultrasound.

A retrospective study was conducted involving 14
reconstructive procedures for 12 postburn faces with
periorbital deformities in the form of alopecia in
the eyebrow and severe ectropion in the lower and
upper eyelids; all cases were operated on between
January 2010 and December 2013 in the Department
of Plastic Surgery, Al-Hussein University Hospital,
Al-Azhar University, and in the Craniofacial Depart-
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ment, Nasser Institute. Four patients experienced
chemical burns, and 8 patients experienced thermal
burns. All were attended with the aim of reconstruc-
tion after having received their early treatment in a
number of different hospitals. Some of the patients
had received preventive therapy for hypertrophic
scar, such as the application of pressure garments
and/or silicone pads. All patients underwent peri-
orbital reconstruction using a bifurcated superficial
temporal artery island flap (BSTIF) to reconstruct
the eyebrow and release ectropion in the upper and
lower eyelids after proper preoperative assessment
generally and locally. Two patients underwent bilat-
eral flap reconstruction, and 10 patients underwent
unilateral reconstruction. Mean follow-up time was
48 months. Table 1 presents the complete data of
the patients. All patients signed a full and detailed
consent, illustrating the steps of the operation, anes-
thesia methods, and medical photography.

A questionnaire was administered to assess patient
satisfaction, and the points included the degree of
satisfaction regarding the density and orientation of
hairs, the symmetry with the other side, and the skin
color match of the nonhairy flap. All patients in the
study were asked to complete the questionnaire and
to provide a score of 1 to 4 according to his/her de-
gree of satisfaction. Then, the scores were summated
from each questionnaire and scores rated as 16, excel-
lent; 12-15, good; 8-11, fair; and 4-7, poor (Fig. 3).

At first, the release incision is designed to ad-
vance all possible tissues to be equal to or a part
of the normal vertical length of the upper eyelid
(Fig. 4A); after the full release, the transverse length
of the parietal flap is positioned at the ideal position
of the eyebrow to be refined later by laser hair abla-
tion. Next, complete release of the lower eyelid is
obtained with a subciliary incision. The superficial
temporal artery and its branches are identified by
digital palpation facilitated by Doppler ultrasound.
The course of vessels is mapped and marked before
incision. The 2 skin islands are designed to be lo-
cated over the temporal area of the scalp and over
the lateral aspect of the forehead along the tempo-
ral hairline (Fig. 4B). We have named the anterior
island flap as the frontal flap (hairy or nonhairy),
based on the frontal branch, and the parietal flap as
the posterior flap (hairy flap), based on the parietal
branch. The skin incision begins a few millimeters
anterior to the tragus and extends upward after the
course of the artery. A Y-shaped incision is made in
the temporal region extending to the proximal part
of both islands, and the superficial temporal artery
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Fig. 1. Illustrations of common branch patterns of the frontal branch of the superficial tempo-
ral artery. At the bifurcation point, 1, the superficial temporal artery divides into the anterior
frontal branch, 2, and the posterior parietal branch, 3. The frontal branch can be classified as
high-location type (64%) and low-location type (36%) based on its relationship to the hori-
zontal line of the superior orbital rim. Eighty-four percent of the frontal branch originates
at the level superior to the zygomatic arch, 4. The course of the main branch of the frontal
branch can be classified as either linear or circuitous. As the bifurcation point rises, the inclina-
tion increases and the obliquely running frontal branch becomes horizontal. Reprinted with
permission from Lei T, Xu DC, Gao JH, et al. Using the frontal branch of the superficial temporal
artery as a landmark for locating the course of the temporal branch of the facial nerve dur-
ing rhytidectomy: an anatomical study. Plast Reconstr Surg. 2005;116:623-629; discussion 630.

and its branches are easily identified at this pointand ~ Care should be taken to avoid injury of the pedicle
exposed. Then, the skin island borders are incised, = where it enters the flap. The flap with its pedicle is
and flap elevation proceeds from distal to proximal.  then dissected to the level of the tragus to achieve
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Fig. 2. The temporal branch of the facial nerve (temporal branch) and its terminal branch-
es distribute in the area inferior to the boundary of the frontal branch and run deeper to
the frontal branch. 1, Bifurcation point of the superficial temporal artery; 2, frontal branch;
3, temporal branch of the facial nerve; 4, terminal branch of the temporal branch; 5, auricular
temporal nerve. Reprinted with permission from Lei T, Xu DC, Gao JH, et al. Using the frontal
branch of the superficial temporal artery as a landmark for locating the course of the tempo-
ral branch of the facial nerve during rhytidectomy: an anatomical study. Plast Reconstr Surg.

2005;116:623-629; discussion 630.

an adequate arc of rotation for the flap (Fig. 4C, D).
The 2 flaps are separated distally to proximally by
direct vision in indirect illumination up to the level
of the bifurcation (Fig. bA). A wide subcutaneous
tunnel between the flap and the recipient sites is dis-
sected, and the flaps are transferred and sutured to
the edges of the defective skin (Fig. 5B). A drain is

Fig. 3. Male patient, 13 years, single right eye with postburn scarring face and neck with

placed, and the wound is closed in a single layer with
nylon sutures and direct skin closure in all cases. Tips
for harvesting the flap include taking care of hair fol-
licles with preservation of thin layer of subcutaneous
tissue deeper to hair follicles to avoid donor site alo-
pecia. Incisions should be located away from arterial
course and on anterior hair line. A wide tunnel is

severe bilateral periorbital cicatricial scarring. Lower lip ectropion and macrocheilia, late
postoperative after bilateral BSTIF and microvascular radial forearm for the neck, and late

postoperative with complete eye closure.
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Fig. 4. A-D, After full release of the upper and lower eyelids, the defect was centered to occupy the future
ideal position of the eyebrow; skin incision of the preplanned frontal and temporal flaps centered on the
frontal and temporal branches, respectively; and complete elevation of the flap. A black line represents main
artery, frontal branch and temporal branch.

o
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Fig. 5. A and B, Separation of the flap under indirect illumination into frontal and temporal flaps, then insetting of the flaps

to ensure that they cover both defects.

necessary to avoid congestion and a little bit of scalp
subgaleal dissection to close the defect primarily.

RESULTS
Over a period of 5 years, 12 patients (4 females
and 8 males) were included in this study. Four pa-
tients experienced chemical burns, and 8 patients
experienced thermal burns. All patients presented
with the same criteria for periorbital reconstruc-

6

tion using a BSTIF to reconstruct their eyebrows
and to release ectropion in their upper and lower
eyelids. Two patients underwent bilateral flap re-
construction, and 10 patients underwent unilateral
reconstruction; there were no flap failures and no
postoperative infections. Two eyebrows of patients
underwent surgical refinement, with one receiving
scar revision 9 months after surgery and the other
having the flap advanced for better positioning and
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Table 2. Patient Satisfaction with the Results

Bifurcated Temporoparietal Island Flap

No. of Orientation Color Symmetry with

Patient Density of Hairs of Hairs Matching Other Side Score Degree
1 3 3 3 3 12 Good

2 3 4 3 4 14 Good

3 3 4 4 3 14 Good

4 3 3 3 4 13 Good

5 4 4 4 4 16 Excellent
6 2 3 3 3 11 Fair

7 4 4 4 4 16 Excellent
8 4 4 4 4 16 Excellent
9 3 3 3 4 13 Good

10 4 4 4 4 16 Excellent
11 2 4 3 3 12 Good

12 4 4 4 4 16 Excellent

symmetry 6 months after surgery. Laser hair removal
was performed for 9 cases to design the new eyebrow
to mimic the normal side. Ideal position of the eye-
lid was observed in 10 cases; however, in 2 cases, a
postoperative residual scleral a range of 1 to 2mm
was observed, although neither of the upper or
lower eyelids required a secondary release after the
operation. No complications were noted, apart from
one case in which the loss of hair density in the pa-
rietal flap was observed combined with the loss of
the distal 5mm of the frontal flap. We administered

e 4 * ¥, o’ .l,. <

a questionnaire to assess patient satisfaction within
this group; the points included the degree of patient
satisfaction, the density and orientation of hairs, the
symmetry with the other side, and the skin color
match of the nonhairy flap. The results of the ques-
tionnaire are summarized in Table 2 (Figs. 6, 7).

DISCUSSION
A burned face is the single most important ana-
tomical structure a burn surgeon is called upon to
reconstruct. The periorbital area serves an important

®

Fig. 6. Late postoperative side view showing direct wound closure without skin grafts.
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left eye and late postoperative view.

function in the identification of the individual and
contains the organs of sight and personal identity. Dis-
tortion of this region can potentially cause functional
impairment and deformities that lead to the withdraw-
al of the victim from society." The complex shape and
form of the periorbital area renders reconstruction
difficult, and the exposed position of the face allows
only limited camouflage with clothing and makeup.’

The problems encountered in burned perior-
bital areas include alopecia in the eyebrows and
ectropion in the upper and lower eyelids with lag-
ophthalmos.

The goals of reconstruction should be to pre-
serve, restore, and maintain function and appear-
ance so that the cornea is protected from ulcers and
painful conditions and the patient can function in
society.”” To accomplish these goals, it is essential
that the surgeon have an organized approach to the
reconstruction of the burned periorbital area, in-
cluding contracture release with replacement using
the uncontracted option and restoration of the hair
in the eyebrows.'

Eyebrows

The eyebrows function as an essential part of fa-
cial expression, conveying a spectrum of emotions
including anger, sadness, and surprise. Their shape,
proportion, angulation, symmetry, and size play a
significant role in the perception of the face."” The
eyebrows are a unique area among hair-bearing ar-
eas in the body because of the notable thinness of
the hair and the complicated pattern of hair direc-
tion. The orientation of the hairs varies according to
their location within the eyebrow. Although hairs in
the medial and lower eyebrows grow in the supero-

8

Fig. 7. Male patient, 43 years, with postburn scarring of the left periorbital area with nonseeing
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lateral direction, those in the lateral and superior
regions grow in the inferolateral direction. At the
individual level, eyebrow hairs are short in length,
small in diameter, and slow growing; all these char-
acteristics are unique to the eyebrow."®

Eyebrow reconstruction works particularly well
for those with extensive burn scarring of the face.
The presence of hair can make the facial appear-
ance more aesthetically pleasing by breaking up the
uninterrupted area of scars. Options available for
eyebrow reconstruction include micrografting,'**
hair-bearing full-thickness skin grafts,*’ and using
vascularized island flaps based on the superficial
temporal artery. However, cases of diffusely scarred
and stiff recipient sites caused by burned or irradi-
ated tissue represent the most difficult sites for suc-
cessful transplantation.?*%

In cases where the recipient bed is not well vascu-
larized because of burns or prior irradiation, pedicled
vascularized scalp flaps based on the superficial tem-
poral artery, either tunneled or tubed, may be used.
This is typically a better reconstructive site technique,
especially for men, because the thicker nature of male
eyebrows is more appropriately matched by pedicled
scalp flaps, which often cannot be thinned safely in a
single operation to the extent appropriate for female
patients, who typically possess a narrower eyebrow
width.® In fact, although the problems encountered
with the use of the flap include the density and direc-
tion of hair, we typically find that the flaps yield better
hair density than either grafts or hair transplantation
and that the direction of the hair is more natural with
a flap than in other options, as well.

In our cases, the reconstructed eye brow was
refined to nearly normal by continuous toweling or
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laser hair ablation to achieve a finalized eyebrow
shape according to patient preference. In some
patients, the eyebrow may need to be advanced
medially, which can be done under local anesthesia.

Eyelids

The most common periorbital problems are re-
lated to unopposed contraction of the scar tissue
on the mobile lid margin, leading to ectropion.** To
correct this issue, the upper eyelid is released at the
level of the supratarsal fold and is frequently recon-
structed using a thick split-thickness skin graft be-
cause the skin of this area is more mobile. However,
recurrence in the graft is common.** Therefore, our
solution for using the maximum available scarred
tissue is to release the upper eyelid and occupy the
defect with the temporal flap to resist recontracture
and provide tissue for the future eyebrow.

The lower lid is released at the subciliary margin
and is then managed using an full-thickness skin
graft or local flaps, such as a laterally based myocu-
taneous upper eyelid flap or a superiorly based na-
solabial flap, both of which are useful for lower lid
ectropion.” However, the use of skin grafts may lead
to recurrent contracture, and the surrounding local
flaps may not be available because of severe scarring,
in addition to the added facial scarring.>” Therefore,
the island superficial temporal artery flap provides
an excellent and optimum solution for lower lid re-
construction with hidden scars. In some cases, the
flap may be hairy, but the patient can undergo laser
hair ablation to correct this issue.

Kajikawa and Ueda®® described unilateral ex-
tended superficial temporal artery flap surgery with
2 scalp paddles for the reconstruction of 2 eyebrows
in their study. Bozkurt et al*” described the use of
a medusa flap to reconstruct the periorbital area,
although the authors actually used only a single
skin paddle, not 2 skin paddles. In addition, they
mentioned only 1 case in their report. Cologlu et
al® reported the use of an axial bilobed superficial
temporal artery island flap (tulip flap) for the recon-
struction of combined defects of the lateral canthus,
including the lower and upper eyelids in 5 cases, al-
though the author described only a single tailored
island flap, not a chimeric flap. However, in the lit-
erature, no previous attempts have been made to
use 2 paddles based on a single superficial temporal
artery to reconstruct the eyebrow, upper eyelid, and
lower eyelid simultaneously.

Limitations of usage of the flap include scarring
of the temporal area or the previous use of temporo-
parietal fascia flap.

We consider this technique an innovative
method for solving problems associated with peri-

Bifurcated Temporoparietal Island Flap

orbital burns and for helping patients reintegrate
into society.

BSTIF is an innovative flap for reconstructing
both burned eyebrows and eyelids. It is a new idea
that reconstructs 3 different unique aesthetic facial
units with a 1-stage island flap.
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Patients provided written consent for the use of their
images.
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