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KEY POINTS

e The scalp is a unique and essential region of the head and neck that provides the first barrier to the

cranium and the brain.

e Reconstruction of the scalp can be challenging due to the convexity and relative inelasticity.
e A variety of methods can be used to reconstruct scalp defects and the best technique should be
chosen on a case-to-case basis as this will depend on both defect and patient characteristics.

INTRODUCTION

The scalp is a complex anatomic structure that is
essential for many physiologic functions in the
body. The scalp serves not only as the first barrier
to the calvarium and the brain beneath, but it is
also one of the most exposed areas of our bodies,
which has both functional and cosmetic implica-
tions. Because of this, adequate reconstruction
of defects is a priority.

The scalp functions as an initial barrier to protect
the skull from external elements and trauma. De-
fects including calvarium and/or dura introduce
the risk for cerebrospinal fluid leak, meningitis, or
brain abscess." Larger calvarial defects may also
lead to the “syndrome of the trephined,” an array
of neurologic symptoms caused by either atmo-
spheric pressure compressing the brain or
changes in cerebrospinal fluid circulation.?
Reconstruction of the scalp is necessary to pre-
vent these complications that develop when the
scalp no longer provides its function.

While restoring the scalp’s function as a barrier
is a primary goal of reconstruction, restoring
cosmesis becomes an important secondary goal.
This is due to the exposed nature of the scalp mak-
ing abnormalities easily noticeable. Cosmetic out-
comes include scalp contour and color match,
both of which can affect patient psychology and
quality of life.* The scalp also presents unique

cosmetic considerations because it contains
hair-bearing and non-hair-bearing skin. As such,
preventing alopecia should also be a consider-
ation during reconstruction.

Scalp defects can be created in numerous ways
but are most commonly from tumor extirpation (ma-
lignant and benign) or trauma.’ If malignancy is pre-
sent, negative margins should be achieved prior to
reconstruction. Reconstruction of the scalp can be
challenging due to the thickness of the scalp tissue
and inelasticity.® There are many options available
for reconstruction of these defects, all with their
own advantages and disadvantages.” These tech-
niques range from primary closure to secondary
intention to free tissue transfer.

This study describes the anatomy and neuro-
vasculature of the scalp necessary for the recon-
structive surgeon. Additionally, this study goes
into detail regarding the management of scalp de-
fects, including each rung of the reconstructive
ladder and when each option is indicated.

ANATOMY

In order to attain the best possible result, the
reconstructive surgeon should have a thorough
understanding of scalp anatomy. The scalp con-
sists of 5 layers that are (from superficial to deep)
the skin, subcutaneous tissue, galea aponeurosis,
loose connective tissue, and pericranium.” The
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skin and subcutaneous tissue are densely
adherent to the galea, which contributes to the
inelasticity of the scalp.® This inelasticity can
make primary closure more difficult. The vascula-
ture, innervation, and hair follicles of the scalp lie
in the subcutaneous layer.® The galea is a layer
of thick connective tissue that is continuous with
the frontalis anteriorly, temporoparietal fascia
laterally, and the occipitalis posteriorly.”® The
loose connective tissue layer is an avascular plane
between the galea and underlying pericranium.
Because of this, the loose connective tissue layer
is the most ideal layer for dissection in order to
elevate flaps and mobilize the scalp.® Lastly, the
pericranium provides blood supply to the
calvarium and also provides a vascularized layer
that can facilitate healing via secondary intention
or a bed for a skin graft.® The calvarium consists
of both an inner and outer table with a diploic
space in-between.

The vertex of the scalp is the least mobile area of
the scalp with the lateral areas being the most mo-
bile.® This means that the parietal scalp may be
most amenable to primary closure, while the vertex
may require other techniques to achieve closure.

Many patients, especially those with cutaneous
malignancies, present at later stages in life. The
mean age at presentation for squamous cell carci-
noma of the skin is 70 years old and is most
commonly due to cumulative sun exposure.®
Because of this, many patients undergoing scalp
reconstruction are in older age groups, and thus,
the condition of the aging scalp must be
considered.

As scalp skin ages, the epidermis becomes
thinner and the skin becomes less elastic, espe-
cially in female individuals.®~!" Intrinsic factors
such as telomere shortening, decreased collagen
and elastin production, and cumulative oxidative
stress contribute to these skin changes.® Extrinsi-
cally, ultraviolet radiation is the primary factor,
while tobacco smoke, menopause, or inflamma-
tory disorders may also affect the scalp skin.®

For the reconstructive surgeon, this may exag-
gerate the steps needed to reconstruct a defect.
For primary closure, more undermining may be
required. For rotational flaps, larger flaps may
need to be designed. Many times, the lack of elas-
ticity and thinness of the skin may predispose this
group of patients for free tissue transfer that may
have been able to be closed with less invasive
methods of reconstruction.

Neurovasculature

The scalp is supplied by 5 paired blood vessels
arising from both the internal and external carotid

systems that form an anastomotic plexus cen-
trally.® These vessels include the supratrochlear
and supraorbital arteries anteriorly, the superficial
temporal and postauricular arteries laterally, and
the occipital arteries posteriorly.® The venous
drainage of the scalp corresponds to these ar-
teries and drains both into the external and internal
jugular veins.® Innervation of the scalp is provided
by branches of both the trigeminal nerve and the
cervical plexus.” Knowledge of the neurovascular
elements of the scalp is essential to proper flap
design for both local and regional flaps.

SECONDARY INTENTION

The simplest form of scalp reconstruction is by
secondary intention with local wound care. Sec-
ondary intention is when the wound is left to heal
naturally via granulation. This may take the longest
time in terms of healing compared to the other
methods of reconstruction; however, relatively
good results can be achieved, especially in non-
hair-bearing skin. This technique is primarily
used in relatively superficial wounds. As
mentioned previously, elderly patients have
thinner and less elastic skin that may preclude pri-
mary closure or local flap reconstruction, making
secondary intention a possible option in this pop-
ulation. Because of this thin skin in the elderly pop-
ulation, these patients are also more susceptible to
scalp trauma that may present as deeper than ex-
pected wounds or with exposed bone.

Secondary intention works best when pericra-
nium is present to provide a bed for granulation tis-
sue, but if it is not present, the outer table can be
drilled to the diploic space to provide a vascular
bed for granulation tissue.® Temporoparietal
fascial flaps or pericranial flaps can be created to
replace the pericranium if needed.® Additionally,
a skin substitute is a collagen matrix that can be
used to stimulate wound and create a more robust
bed of granulation tissue for secondary intention. 2
Many of these wounds will go on to require a split-
thickness skin graft at a later time.

The limitations of this technique are the time
required for healing and the need for consistent
wound care by the patient or caregiver.® This op-
tion is not ideal for patients who are not able to
care for themselves or may not be able to perform
the regular wound care. Prior radiation may also be
a relative contraindication as the vascularity has
been significantly reduced making secondary
intention either extremely slow or not possible.®
Additionally, the final wound may be depressed
relative to nearby tissue, alopecic if done in an
area of hair-bearing scalp, and can be hypopig-
mented.”® In general, wounds heal very well via
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secondary intention despite a long healing time,
rarely are complicated by infection or tissue break-
down, and usually result in high patient satisfac-
tion with their outcome. 416

PRIMARY CLOSURE

The next option for reconstruction is primary
closure and can lead to the best cosmetic result
if done properly. Primary closure is the direct
apposition of wound edges. This is typically per-
formed by placing subcutaneous sutures, followed
by a superficial skin closure, whether suture or sta-
ples. Staples are typically reserved for hair-bearing
scalp but removal is typically tolerated less well.
The author’s preference is for absorbable suture
to prevent any need for removal. Primary closure
minimizes alopecia and is best done in patients
with higher skin mobility."”

For primary closure to be achieved, defects are
typically made elliptical in shape and a significant
amount of subgaleal undermining is required.®
One study has shown that undermining can
reduce tension on the closure by 83.3% and
92.2% for 5 cm and 15 cm of undermining, respec-
tively.'® In elderly patients, the amount of under-
mining needed is best performed in areas of
higher skin mobility and the relation of the nearby
hairline must be taken into account.® Significant
tension in closure should be avoided as high ten-
sion closures can lead to wound dehiscence and
scar widening.513

Galeotomies or rapid intraoperative tissue
expansion can be performed to reduce wound
tension and increase advancement of the
skin.'®2% An example is shown in Fig. 1. Rapid
intraoperative tissue expansion does not produce
more collagen but instead relies on the principle
of mechanical creep.?® This process deforms the
3 dimensional structure of collagen fibrils, which
allows for an increase in length. Rapid intraopera-
tive tissue expansion is typically performed by
placing a Foley catheter under the skin adjacent
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to the defect and inflating the balloon for 5 mi-
nutes.” Doing so allows for an increased length
of the opposing wound edges and reduced wound
tension.?® On the other hand, galeotomies are per-
formed by making incisions on the undersurface of
undermined skin flaps parallel to the defect.’® Do-
ing so reduces closing tension with each galeot-
omy; thus, more galeotomies may produce
increased length and lower tension of the final
closed wound."®

SKIN GRAFTING

Split-thickness or full-thickness skin grafts may
also be used for scalp reconstruction. These tech-
niques are both reliable and relatively simple. Split-
thickness skin grafts are grafts that include the
epidermis and superficial dermis, while full-
thickness skin grafts include the entire dermis
and epidermis.

Split-thickness skin grafts may be harvested
from the thigh, abdomen, or buttocks.?’ These
grafts may be meshed to allow coverage of a
larger surface area with smaller grafts. Full-
thickness skin grafts may be harvested from the
postauricular area, preauricular area, or supracla-
vicular area.?! Subcutaneous fat must be removed
from full-thickness grafts as this fat may inhibit
revascularization.?! Skin grafting may be espe-
cially useful in patients who are not appropriate
candidates for more extensive surgery or patients
who have a high risk of recurrence after resection
of a malignant tumor.® A split-thickness graft may
be preferred for larger defects in which grafting is
to be used as it is easier to harvest larger areas
of this type of graft compared to full-thickness.
An example of a healed split-thickness skin graft
is shown in Fig. 2. Current literature shows no dif-
ferences in skin graft take or complications when
comparing split-thickness to full-thickness grafts
for scalp reconstruction.??

The key to using a skin graft is placement onto
well-vascularized tissue, whether that s

Fig. 1. Example of galeotomies with close-up.
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Fig. 2. Healed split-thickness skin graft placed adja-
cent to free flap.

pericranium, drilled calvarium, or a pericranial/
temporoparietal fascial flap.® Thus, if pericranium
is absent, the calvarium may be drilled (as
described earlier) to provide a vascularized wound
bed. A skin graft cannot be used in a radiated field
or if radiation is planned postoperatively.® Skin
grafts have a high risk of breaking down if sub-
jected to radiation after placement. Esthetically,
skin graft outcomes are similar to secondary inten-
tion and are characterized by hypopigmentation,
depression, and alopecia.'®

Additionally, skin substitutes may be used in non-
healing scalp wounds, radiated tissue beds, or to
generate granulation tissue for skin graft take.'?
Skin substitutes typically contain a collagen matrix

that is placed and allowed to granulate over the
course of several weeks. At this point, a skin graft
may be placed in a patient who may otherwise
not have been able to receive one.

LOCAL FLAPS

The use of local tissue from the surrounding skin of
a scalp defect is an excellent option for small-to-
medium-sized defects. These can be designed
as advancement, pivotal, or interpolated flaps.® In-
cisions for these flaps should be designed to maxi-
mize the vascularity of the flap and should always
be made with the anterior hairline in mind. Local
flaps are raised in the subgaleal plane. As with pri-
mary closure, raising local flaps on the scalp typi-
cally requires more extensive undermining and
longer incisions than other areas of the head and
neck in order to achieve the necessary mobility
of the flap. The scalp and forehead should be
treated as separate esthetic subunits and defects
that involve both should be repaired with separate
flaps for each subunit.®

Due to the inelasticity of the skin, advancement
flaps are less useful on the scalp than other re-
gions of the head and neck. Typically, pivotal flaps
have more use due to the spherical shape of the
cranium.® Pivotal flaps can be rotational, interpo-
lated, or transpositional. An example of a rotational
flap is shown in Fig. 3. Curvilinear incisions are
made and relatively small defects often require
much longer incisions, ranging from 4 to 6 times

Fig. 3. Rotational flap for closure of defect adjacent to prior free flap.
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the diameter of the defect.® Because of this, mul-
tiple flaps may be needed to cover larger defects.
A standing deformity will typically form at the fixed
point of rotation. This should be left in place and
excised later as excision may compromise blood
supply by narrowing the base of the flap.5® Larger
local flaps may lead to the development of a sec-
ondary defect of the donor site/base of the flap.
Because this secondary defect is usually in a
more inconspicuous location, it may be left to
heal via secondary intention, skin graft, or closed
with additional local tissue advancement.® Inci-
sions may be hidden in skin creases or along hair-
lines. Additionally, incisions should be made
parallel to the direction of hair follicle growth to
reduce the risk of alopecia. Local flaps appear to
be time efficient, achieve adequate coverage
with hair-bearing skin, and have low complication
rates.?-25

Multiple flaps may be required to close larger de-
fects. The use of 2 rotational flaps is typically
referred to as an O-Z closure (Fig. 4), while the
use of 3 is referred to as the “pinwheel” technique.
The main advantages of these techniques are
decreased wound closure tension and ability to

Fig. 4. O-Z rotational flap closure of 5 cm scalp
defect.
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close larger defects; however, these wounds are
at higher risk of alopecia due to the increased num-
ber of incisions.® Even larger defects can be closed
using multiple transposition flaps, as described by
Orticochea, who used 3 and 4 flaps in his tech-
nique.?%27 This requires undermining of the entire
scalp and can be useful for anterior scalp defects
as this type of flap transfers hair-bearing skin. The
Orticochea flap may be useful for large defects in
which the patient cannot undergo prolonged anes-
thesia for free tissue transfer.

REGIONAL FLAPS

More extensive defects can be covered using
regional musculocutaneous or fasciocutaneous
flaps. These flaps are mainly used for occipital or
temporal defects due to length limitations of the
vascular pedicle. Lower trapezius and latissimus
dorsi musculocutaneous flaps have been
described for coverage of scalp defects.?829
Neither of these flaps are hair-bearing. Addition-
ally, the temporoparietal fascia or fasciocutaneous
flap has been described for use in scalp defects
and can include hair-bearing skin if needed.®31
This flap is based on the superficial temporal artery
that can have a variable route and use of a Doppler
probe to map the pedicle is recommended.

FREE TISSUE TRANSFER

Microsurgical free tissue transfer has become
more reliable over the past 2 decades and is now
considered the primary option for large composite
scalp defects in patients who have had previous
surgery or radiation.3?=3* These flaps enable the
reconstructive surgeon to cover very large and
complex defects with high success.

The indications for free tissue transfer are wide
and varied. As mentioned previously, large defects
that are not amenable to other methods of recon-
struction should be reconstructed with free tissue.
The multiply operated scalp typically has thin and
scarred tissue. This may be secondary to multiple
resections, whether benign or malignant, or even
multiple local flaps. This tissue has compromised
healing potential and may require free tissue.
Free tissue transfer can also reliably cover defects
undergoing or having previously undergone post-
operative radiation therapy. As mentioned previ-
ously, elderly patients have thinner and less
elastic scalp skin. Because of this, primary closure
or local flaps may be more difficult and closure
may necessitate free tissue transfer. Patients
with cranioplasty present a unique challenge due
to the presence of implants/hardware and are
described further later.
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A number of flaps have been described for use
in scalp reconstruction including the latissimus
dorsi, scapula, rectus abdominis, radial forearm,
and anterolateral thigh.®5-3” The latissimus dorsi
has become the most common of these used in
scalp reconstruction due to the malleability of the
tissue, the large surface area, and the relatively
long and large diameter pedicle.® This is demon-
strated in Figs. 5 and 6. An example of an antero-
lateral thigh free flap is shown in Fig. 7. While
muscle-containing flaps are initially bulky, the
muscle typically atrophies overtime and can have
a natural-appearing contour. Free flaps for scalp
reconstruction have a high success rate, similar
to other parts of the head and neck.?3°

Recipient vessels are an important consider-
ation and superficial temporal arteries are typically
used if available and of appropriate caliber. If neck
vessels are required, some flaps may be able to
reach without vein grafting although vein grafting
is often needed to reach these blood vessels.
Vein grafts may be harvested from the cephalic,
lesser saphenous, or greater saphenous veins.

It is important to note that these flaps do not
transfer hair-bearing tissue. However, the esthetics
of these large reconstructions often becomes
secondary due to the exigency of the procedure
typically with exposed critical structures. Neverthe-
less, free tissue transfer is an invaluable tool for
reconstruction of extensive scalp defects.

Fig. 6. Well-healed latissimus free flap with split-
thickness skin graft.

Cranioplasty Reconstruction

Patients with cranioplasty present a challenging
case for reconstruction as these defects (Fig. 8)
are typically composite in that both soft tissue
and bone must be reconstructed. The bone is usu-
ally reconstructed with hardware such as titanium
mesh or an alloplastic implant, while the soft tissue
is best repaired with free tissue transfer.4%-42

A meta-analysis found that across 31 papers,
cranioplasty has an 8% infection rate, 6% expo-
sure rate, and a 14% surgical revision rate.*
Dehiscence and implant exposure/infection can

Fig. 5. Intraoperative photo of latissimus free flap
with split-thickness skin graft for scalp reconstruction.

Fig. 7. Anterolateral thigh free flap for scalp
reconstruction.
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SRR :
Fig. 8. Cranioplasty defect with mesh implant.

be even more problematic if the patient has under-
gone adjuvant radiotherapy for cutaneous or intra-
cranial tumors.*'~** Because of these problems,
increased effort should be spent on the recon-
struction after cranioplasty.

The primary factor leading to revision surgery is
implant exposure, which is most closely associ-
ated with free flap atrophy.*® Thus, flap bulk
should be a primary consideration when repairing
these defects and covering implants. Primary
closure and local flaps often do not have enough
bulk for lasting coverage of these implants. Due
to the implant, there is no vascularized wound
bed to promote successful secondary intention
or skin grafting. Because of this, free flaps are
the best option for coverage in this patient
population.

Latissimus and anterolateral thigh free flaps
(with or without skin) are the most commonly
used flaps employed for reconstruction of these
defects. Interestingly, the type of flap used and
whether or not there is a cutaneous component
do not seem to affect implant exposure.*® Addi-
tionally, implant type does not appear to influence
the exposure of implants.*® The decision to
remove an implant after an exposure should be
made on a case-to-case basis. Nevertheless,
emphasis on complete and tension-free closure
during the initial reconstruction is paramount in
this challenging population.
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CLINICS CARE POINTS

e The scalp has significant convexity and is rela-
tively inelastic that can make reconstruction
challenging. Reconstructing the scalp typically
requires longer incisions and further under-
mining than other parts of the head and neck.

e It is important to be cognizant of hairlines,
color matching, and depth of the wound for
esthetic consideration of the reconstruction.

e All rungs of the reconstructive ladder can be
used in reconstruction of the scalp. In order
to achieve the best reconstruction, the tech-
nique should be tailored to the specific pa-
tient and defect.

e Elderly patients have even thinner and less
elastic skin that means that this patient
population may require a higher level of
reconstruction than would be used for a
similar-sized defect in a younger patient.

e Free tissue transfer has the highest success and
best outcomes for large and composite defects.

e Patients with cranioplasty present a unique
challenge within scalp reconstruction due to
the extent of the defect, the presence of an
implant, and higher risk for dehiscence with
exposure.
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