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Between the1930s and1950s,X-rayepilationwaswidelyused
worldwide as primary treatment for tinea capitis (TC) infec-
tion.1,2 In Israel, approximately 70,000 people were treated
during their childhood. The reported long-term consequences
of this treatment include increased risk for nonmelanoma skin
cancers (NMSC; relative risk [RR], 3.6–4.9), meningiomas (RR,

9.5), and other malignancies.3–7 These sequelae are becoming
increasingly apparent in the past two decades due to the
latency period of these pathologies.1 Typically, the nature of
the skin tumors andmeningiomas in this patient population is
more aggressive than in the general population, and theremay
be a greater tendency of recurrence or development of
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Abstract Background Approximately 70,000 Israelis underwent scalp irradiation for tinea
capitis infection during their childhood, as did many other children worldwide.
Long-term follow-up data showed that these children had an increased risk of
aggressive and multiple nonmelanoma skin cancers, meningiomas, and other malig-
nancies. Resection of these lesions creates a defect of soft tissue, bone, and dura, and
requires scalp and skull reconstruction with local or free flaps in the irradiated field.
Methods Sixteen patients with a history of childhood scalp irradiation underwent
scalp and skull reconstruction in our department (2000–2018). Data on demographics,
oncological status, operative details, and postoperative outcome were retrospectively
collected and analyzed.
Results The study group included 11 males and 5 females (average age at surgery, 70
years). The most common lesions were meningiomas (n¼ 9) and basal cell carcinomas
(n¼ 8), and themost common indication for reconstruction was chronic exposure of deep
structures (skull, dura, brain tissue, and titaniummesh;n¼ 9). Thirteenpatients underwent
primary free flap reconstruction and three underwent primary local flap reconstruction.
Flap failure requiring reoperation occurred in one patient of the free flap reconstruction
group (7%) and in all three patients of the local flap reconstruction group.
Conclusion Long-term consequences of childhood depilatory treatments of the scalp
by irradiation are now surfacing. Our experience showed that in such cases, surgeons
should aim for a more aggressive approach with wide resection and primary free flap
reconstruction, and that favorable long-term functional and aesthetic results can safely
be achieved using this reconstruction approach.
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multiple primary lesions.6,7 Due to the poor skin quality and
impairment of wound healing that follows radiation, many
sustain local complications such as wound dehiscence and
infection. Moreover, patients undergoing craniectomy or
craniotomy are left with extruding foreign material through
chronic wounds and require additional procedures in many
cases.8

Several aspects of the sequelae of childhood scalp irradia-
tion have been studied, such as the type and prevalence of
nonmelanoma skin cancers (NMSC) and meningioma appear-
ance the genetic typing.1–3,9,10 However, to the best of our
knowledge, complex scalp and/or skull reconstruction in this
population have not been reported before. The purpose of this
article is to present our experience in the reconstruction of
scalp and skull defects in patients with a history of childhood
X-ray epilation for TC.

Methods

All consecutive patientswith a history of childhood radiation
for TC infection, who required and underwent complex scalp
and skull reconstructive surgery at our institution between
2000 and 2018, were retrospectively analyzed. Following
approval of the ethical institutional review board, their
medical charts were reviewed, and the following data were
retrieved: patient demographics (age, sex, etiology, and
comorbidities) and flap characteristics (defect and flap
components and recipient vessels). Their postoperative
course and complications were recorded throughout the
length of the follow-up period (at least 6 months).

Minor complications were defined as those requiring only
conservative or medical interventions during hospital stay.
Major complications were defined as those that required
management with reoperation within 30 days or that
resulted in admission to the intensive care unit or demise.

Results

Patient and Lesion Characteristics
A total of 16 patients with a history of childhood radiation
therapy required complex scalp and skull reconstruction
during the study period. Themajority of patients weremales
(n¼ 11), and the average age at surgery was 70 years (range,
59–90 years; ►Table 1). The lesions included multiple and
atypical meningioma (nine patients), recurrent basal cell
carcinoma (BCC; eight patients), osteoradionecrosis (ORN)
and radiodermatitis (four patients), squamous cell carcino-
ma (SCC, two patients), andmyxofibrosarcoma (one patient).
Five patients had a combination of tumors, consisting of
meningioma and BCC. The size of the defect ranged from
5.7 cm� 2.5 cm and up to 10.3 cm �13.5 cm with a mean
surface area of 70.5 cm2. Nine patients underwent additional
irradiation as adjunctive treatment for the current patholo-
gy. Eight patients had undergone a previous craniotomy
and/or craniectomywith titaniummesh insertion, and three
of them underwent repeated resections due to recurrence of
meningioma. The most common indication for scalp and/or
skull resection and reconstruction was a chronic osteocuta-

neous sinus or exposure of deep structures (skull, dura, brain
tissue, and titanium mesh) that was sustained by nine
patients. Intracranial tumor involving the skin was the
indication in additional three patients and a rare sarcoma
(fibromyxosarcoma) in one patient.

Surgery
Sixteen free tissue transfers were performed in 14 patients. A
freeflapwasperformedas the primarymode of reconstruction
in 13 patients, and an additional three were performed as
salvage procedures for failed reconstruction (►Table 2). The
most commonmethod of reconstruction was a free latissimus
dorsi (LD) flap with or without a fascia lata graft and split-
thickness skin graft (STSG; n¼ 10). The superficial temporal
vessels were the most common recipient vessels when a free
flapwasused(n¼ 13)withnoneed for veingrafts.Anastomosis
to the superficial temporal vesselswasperformedat the level of
the tragus, or slightly more proximal, without disrupting the
parotid gland. Local flaps were used as primary mode of
reconstruction in three patients. These three patients under-
went a total of seven surgeries (six repeated localflaps and one
free flap) due to partial or complete lap failure.

Table 1 Patients and preoperative characteristics

n (%) Mean Range

Total 16 (100)

Male gender 11 (68)

Age at surgery (y) 70 59–90

Lesion

Meningioma 9 (56)

Basal cell carcinoma 8 (50)

Osteoradionecrosis
and radiodermatitis

4 (25)

Squamous cell carcinoma 2 (12)

Myxofibrosarcoma 1 (6)

Multiple lesions 5 (31)

Defect surface area (cm2)a 70.5 14.2–139

Prior treatment

Radiation 9 (56)

Craniotomy/craniectomy 8 (50)

Cranioplasty 2 (12)

Skull burring 2 (12)

Local 5 FU 1 (6)

Indication for scalp
and/or skull reconstruction

Chronic sinus/foreign
material exposure

9 (56)

Intracranial tumor
involving skin

3 (18)

Large skin tumor 2 (12)

Unknown 2 (12)

aMissing for four patients.
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Complications
Three patients of the free flap group sustained major compli-
cations, including one case of mortality (30-day postopera-
tively) and two cases of complete flap failure that required
reoperationwith repeated freeflap reconstruction (►Table 3).
In both of these cases, flap failure appeared due to arterial
thrombosis and flap necrosis, though one of the cases
appeared at postoperative day 15, with diffuse patches of
necrosis progressing to complete necrosis. There was a 100%
rate of major complications among the three patients in the
local flap group,with all cases resulting in partial flap loss and
reconstructive failure requiring reoperation. Two of these
patients underwent repeated local flap reconstruction and
one underwent secondary free flap reconstruction. Neurolog-
ical complications appeared in six patients, all of whomwere
in the free flap group. Donor site morbidity in the free flap
group included dehiscence and seroma in two patients each
and surgical site infection in one patient, all of which resolved

with conservative measures. Recurrence of malignancy was
observed in two patients, both involving recurrence ofmenin-
giomas: both patients were in the free flap group and both
subsequently received additional irradiation treatment.

Discussion

The aim of this study was to describe the characteristics,
pathology, and course of patients requiring complex scalp
reconstruction in a population radiated for TC in childhood.
During the 1930s to 1950s, roentgen ray epilation bymeans of
the Keinbock–Adamson technique was considered a safe and
efficient method for treating TC in children.6,11–13 Long-term
follow-upof these children showedan increased risk forNMSC
of the head and neck (RR, 3.6–4.9) andmeningiomas (RR, 9.5),
as well as for other rarer malignancies.1,3–7,12,14,15 Increased
risk of death from any cancer was observed by some, with an
RR of 1.7.15 Several studies reported a latency period of 12 to

Table 2 Clinical and operative course

Pt Age (y) Lesion Defect Defect
size (cm)

Primary
local
flap

Primary
free
flap

Secondary
reconstruction

Free
flap

Recipient
vessels

001 65 Multiple
meningiomas
and BCC

Scalp, calvaria 9.5� 6.5 � þ � LD ST

002 59 Multiple
meningiomas
and BCC

Scalp, calvaria Missing � þ � LD ST

003 68 Multiple BCC Scalp, calvaria 12� 9 � þ � LD ST

004 69 ORN Scalp, calvaria,
dura, brain

6.5� 5 þ � Local flap X 2 � NA

005 67 Multiple BCC Scalp, calvaria Missing � þ � LD ST

006 90 Multiple BCC Scalp, calvaria,
dura, brain

12� 9.5 � þ � LD F

007 61 Multiple
meningiomas

Scalp, calvaria,
dura

6.5� 3 � þ � RA ST

008 63 SCC Scalp, calvaria 14� 9 � þ � LD ST

009 77 BCC and SCC Scalp, calvaria 10� 5 � þ � LD ST

010 67 Multiple
meningiomas
and BCC

Scalp, calvaria 8.5� 5.5 þ � Local flap � NA

011 69 Atypical
meningioma

Scalp, calvaria,
dura

Missing � þ Free flap LD ! ALT STþ ST

012 64 Multiple
meningiomas
and BCC

Scalp, calvaria,
dura

8� 4.6 � þ � TDAP ST

013 71 Recurrent
meningioma

Scalp, calvaria,
dura

8.5� 5.5 � þ � ALT F

014 70 Recurrent
meningioma

Scalp, calvaria,
dura

5.7� 2.5 � þ � ALT F

015 73 Fibromyxosarcoma Scalp, calvaria,
dura

10.3� 13.5 � þ � LD ST

016 78 Atypical
meningioma

Scalp, calvaria Missing þ � Local flap !
Free flap X 2

ALT! LD STþ ST

Abbreviations: ALT, anterolateral thigh; BCC, basal cell carcinoma; F, facial vessels; LD, latissimus dorsi; NA, not applicable; ORN, osteoradionecrosis;
RA, rectus abdominis; SCC, squamous cell carcinoma; ST, superficial temporal vessels; TDAP, thoracodorsal artery perforator.
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50 years for the first tumor diagnosis.6,8,9 In our study popu-
lation, it was impossible to precisely determine the latency
period until the index procedure, since the exact year of
radiation was unknown and patients arrived after they had
undergone various procedures for the same pathology. How-
ever, having performed complex scalp reconstruction approx-
imately 15 years following initial diagnosis in most cases, we
can roughly assume that 40 to 58 years had elapsed since the
exposure to radiation in childhood.

Meningiomawas themost common tumor and BCCwas the
most common skin cancer in our study cohort. Radiation-
induced meningiomas tend to appear at a younger age than
in nonirradiated patients (42–45 vs. 60 years), with a higher
rate of recurrence (18 vs. 14%), of calvarial involvement (59 vs.
38%), and proportion of multiple lesions (15.8 vs. 2.4%) in
comparison to nonradiation-induced meningiomas.9 The
latency period is reported as being in a range of 4 to 50 years
after irradiation,withamedianageof34years.6,8,9BCCsarising
in childhood-irradiated patients do not genetically differ from

sporadic BCCs; however, numerous cohort studies have shown
that the former tends to be recurrent, multifocal, more aggres-
sive, and likely tocarry thetendency tometastasize.1,4–6,10,12,13

An estimated 20,000 children were treated for TC with
irradiation in Israel, and an additional 50,000 were treated
prior to immigrating to Israel.1,2,9,15 Many earlier studies
focused on the prevalence of the resulting pathologies and
compared their prevalence and characteristics to those pa-
thologies in the general population.2–5,7–10,14We believe, this
is the first study to describe the characteristics of a cohort of
patients that received childhood depilatory-treatment, the
specific pathologies that were encountered, and the details
of thesurgical interventions for treating complex scalpdefects.

Population-Specific Considerations
The current results demonstrated that patients may present
with more than one diagnosis, and that the diagnosis may be
rare, suchasORNandsarcomas. Thisfinding issignificant in the
planning and execution of the ablative surgery, and points to
theneed forconsultingappropriateexpertmedical and surgical
colleagues such as neurosurgeons, dermatologists, and neuro-
oncologists. Another unique trait of this group is that a freeflap
may be a necessity, even in a settingwhere skin coverage per se
is not the goal. Eight of our patients presented with an
intracranial tumor, but it was decided that a durable primary
closurewould not be feasible at the end of the surgery without
later having to deal with dehiscence or skin necrosis, as the
scalp was so atrophic and adherent. The radiation field is wide
and its damage is uniform to all tissues that cross its path, as
opposed to modern radiation, where the fields are planned to
minimize the collateral mutilation. Even when minor scalp
flaps were used to aid tension-free closure, those flaps dis-
played impaired viability and healing and required a reopera-
tion and the later use of a free flap in three cases (►Figs. 1

and 2). The risk must be estimated in advance, and disciplines,
suchasneurosurgery, dermatology, andneurooncology, should
be educated, of the possibility of a larger scale surgery and
collaboration with reconstructive plastic surgeons.

Lastly, due to the prolonged latency period, since under-
going radiation, most of these patients are of advanced age
when they require complex scalp reconstruction. The aver-
age age of our cohort was 70 years. Others had observed that
old age per se is not a factor in free flap survival, but some
have suggested that it may contribute to medical complica-
tions that may arise after such a complex surgery.16–19 There
were surprisingly few significant comorbidities among our
patients (no active coronary artery disease, two heavy
smokers, and one diabetic), which may have resulted in
such low medical complication rates. Van Driel et al16 sum-
marized the complications reported in a series of free flap
scalp reconstructions and found a perioperative death rate of
0 to 3.6%. Afifi et al20 reported a single death in a series of 13
patients with scalp and bone reconstruction.

Surgical Considerations
The use of the “reconstructive elevator” may be more appro-
priate than the “reconstructive ladder”paradigmfor irradiated
scalp defects.21,22 Free flap reconstruction enables a more

Table 3 Postoperative Complications

Free flap
reconstruction
n (%)

Local flap
reconstruction
n (%)

Total no. of patients 13 3

Total no. of flaps 16 6

Major complications
(of total flaps)a

3 (19) 6 (100)

30-day mortality 1 (8) 0 (0)

Acute neurological complications (of all 16 patients)

Brain abscess/infected
CSF collection

3 (23) 0 (0)

CSF leak 2 (15) 0 (0)

Bacterial meningitis 1 (8) 0 (0)

Subdural hematoma 1 (8) 0 (0)

Seizures due to
brain edema

1 (8) 0 (0)

Recipient site complications (of total flaps)

Total flap loss 2 (12) 1 (17)

Partial flap loss 1 (6) 4 (60)

Surgical site infection 3 (19) 0 (0)

Dehiscence 2 (12) 3 (50)

Donor site complications (of total flaps)b

Dehiscence 2 (12) 0 (0)

Seroma 2 (12) 0 (0)

Surgical site infection 1 (6) 0 (0)

Recurrence

Meningioma 2 (11) 0 (0)

Additional irradiation 2 (11) 0 (0)

Abbreviation: CSF, cerebrospinal fluid.
aMortality, complete flap failure, complete or partial flap failure re-
quiring re-operation, hemorrhage requiring re-operation, any compli-
cation causing permanent neurological sequelae.

bAll donor site complications resolved with conservative measures.
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radical resection, thus increasing the likelihood of removing
the tumor and/or damaged tissues with malignant potential
and replacing it with a well-vascularized bulk of healthy soft
tissue.22,23 We call this procedure “scalp exchange,” since the
aim is to remove all the tissues that had becomemalignant and
thatmay be at riskofmalignant transformation, and to replace
them with nonaffected tissues in the form of a free flap
(►Fig. 3). There is close collaboration between our microsur-
gical and neurosurgical teams in patient evaluation, and
frequent assistance in surgical planning of all patients whose
scalps were radiated for TC in childhood.

The accepted approach for scalp defects is that those less
than 6 to 8 cmwithin hair-bearing scalp can be treated by local
flapswith or without skin grafts.1,17,18,21,24,25However, a free
flap should be considered in cases of previous radiation,
exposed dura, multiple previous surgeries, and contaminated
cranioplasty regardless of defect size.17,19,24–26 In the current

series, all the patients were irradiated and, indeed, they all
required a freeflap at somepoint in their clinical course. Three
patients initially underwent local flap reconstruction, all of
which failed. One patient was not a candidate for free flap
reconstructionduetohermedical andpsychiatricbackground,
despite having a clear indication for a larger scale surgery. The
other two did not have an initial skin defect, and closure with
minimal local rotation flaps was performed to facilitate pri-
mary closure of an operation performed for intracranial indi-
cations. Even those minimal flaps led to skin necrosis and
breakdown of the wound, requiring repeated surgery and
long-term local treatment.

We used the LD muscle flap in 10 of all the 16 free flaps
performed. Advantages of this approach include the flap size
that enables coverageof large defects, its reliable anatomy, and
the low donor site morbidity.16,18,19,22,23 To shorten surgery
time, we performed simultaneous harvest and resection by

Fig. 2 A 69-year-old female with chronic osteoradionecrosis following childhood scalp irradiation for TC who was admitted with exposed brain
parenchyma. (A) Preoperative photo. (B) Intraoperative photo following wide resection and debridement. (C, D) Intraoperative photo following
closure with a fascia lata graft for brain coverage and a local scalp flap. (E) Postoperative day 15: necrosis of most of the flap. TC, tinea capitis.

Fig. 1 A 78-year-old male with recurrent atypical meningiomas following childhood irradiation to the scalp for TC. He had earlier undergone
resection of a meningioma, craniotomy, and cranioplasty and received additional irradiation. (A) Following resection of a recurrent meningioma
and reconstruction with a titanium mesh and local scalp flaps. Note partial flap necrosis, dehiscence and mesh exposure. (B, C) Following wide
resection of injured scalp and reconstruction with free LD and STSG. LD, latissimus dorsi; STSG, split-thickness skin graft.
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positioning the patient in a “sloppy” lateral decubituswith the
handmobile and scrubbed into the surgical field andwith the
headplacedonaheadrest toallowmorespacearound thehead
and body for two teams.

An anterolateral thigh (ALT) fasciocutaneous flap is another
option, and it has several advantages over the LDmuscleflap. It
allows for supine positioning and a roomy two-team approach
thatmayshortensurgery time, togetherwitha longpedicle that
comfortably allows anastomosis to the facial vessels without
the need of vein grafts.19,20Being as it is a fasciocutaneousflap,
it does not atrophy and maintains its thickness, which may be
an advantage if hardware is used under theflap or if additional
radiation is needed.16,19,20,22 The ALT is most appropriate for
small-to-medium-sized defects, but not for a whole scalp
exchange, as its size is limited to allow primary closure of the
donor site.We used this flap as first choice for three patients in
this study of all 13 primary freeflaps, and later in an additional
patient as a salvage procedure. Studies comparing the ALT and
LD flaps have shown equivalent results in terms of immediate
minor complications and long-term results.19

Weuseda fascia latagraft insixpatientswhenthe indication
was an intracranial tumor or when there was intracranial
involvement of ORN, as well as for cases in which the native
dura had been violated, and the use of synthetic dura sub-
stitutes was contraindicated. In two additional patients, the
ALT flap was taken with a larger fascial component that was
sutured to the native dura edges or tucked under the edges of
the cranium as a barrier to cerebrospinal fluid (CSF) leak-
age.20,24 This reconstruction precludes the use of titanium,
since the fascia is inherentlyattached to theundersurfaceof the
flap’s skin.

Population-Specific Complications
We assessed reconstruction-related, as well as neurosurgical
complications. Analysis of flap survival in the free flap group

revealed two cases of flap loss in 16 flap patients, two cases of
minordehiscence, andone caseofpartialflap loss that required
prolonged wound treatment but not additional surgery. The
rate of free flap failure in scalp reconstruction is reported as
being0 to6% inmost series,withanadditional6%ofpartialflap
failure occasionally requiring an additional free or localflap for
completehealing.16–19,27Weconsider thehigher percentage of
total flap failure in our group (12.5%) compared with the 6%
cited in the literature is probably attributable to our small
cohort. All of the localflaps had partial or completeflap failure.
Onepatientunderwent secondary freeflapreconstruction, and
two others remainedwith draining sinuses under conservative
treatment and were not scheduled for a free flap due to their
poor general medical condition. The findings in our study
support those which consider previous radiation treatment
and multiple surgeries a relative contraindication for locally
based reconstruction.27

Six of our patients sustained early neurosurgical complica-
tions, all appearing in the free flap group. Three of them had
more than one complication. Four patients had intracranial
infections (infected CSF collection, brain abscess, and bacterial
meningitis). Infections are reported to be quite prevalent in
these settings, and aremore commonly associatedwith imme-
diate cranioplasty, especially in the presence of a potentially
contaminated wound, such as ORN, or chronic cancerous
ulcers.19,20 One of our patients had a hematoma requiring
reoperation, and three patients had either increased intracra-
nial pressure or a CSF leak requiring the placement of a
continuous drainage catheter. One patient developed brain
edema, seizures, and hemiparesis requiring steroid treatment
and anticonvulsants.

Our “go-to” flap is the free LDmuscle flap anastomosed to
the superficial temporal vessels, with or without a fascia lata
graft for dura replacement and with a split-thickness skin
graft cover. There are several advantages to this approach.

Fig. 3 A 73-year-old male with history of childhood scalp irradiation for TC, presented with long-standing ulcerated myxofibrosarcoma of the
scalp with exposed dura. (A) Preoperative photo. (B) Intraoperative photo following wide excision of scalp and burring of viable bone. (C)
Following debridement of necrotic bone and dura with exposure of brain parenchyma. (D) Following reconstruction with fascia lata graft for
brain coverage and titanium mesh. (E, F) Completed reconstruction with free LD and STSG. LD, latissimus dorsi; STSG, split-thickness skin graft;
TC, tinea capitis.
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First, by removing more of the injured and irradiated skin,
greater likelihood of successful wound healing can be
expected, with lower risk of wound complications. Second,
wide resection improves field cancerization control and
reduces the riskof positivemargins and later recurrence.18,22

Third, coverage of these complex chronic wounds with a
myocutaneous free flap aids in eradicating smoldering
chronic infection, including osteomyelitis and contaminated
foreign material. Fourth, adding a fascial layer (either as a
fasciocutaneous flap or by adding a fascia lata graft) allows
reconstruction of dural defects, as well as a more definite
resection of the primary pathology. Favorable long-term
functional and aesthetic results can be achieved using this
method in this specific subgroup of patients (►Fig. 4).

Conclusion

Our experience in treating and following a cohort of adult
patients with scalp and skull reconstruction irradiated for TC
in childhood leads us to conclude that repeated small scale
and local procedures do not provide satisfactory long-term
results in the majority of cases. Surrounding tissues are
heavily damaged, and their use for local tissue transfer is
unreliable. As opposed to the population of patients that
have received focal radiation for a singular lesion, here the
radiation is scattered, thus affecting the whole perimeter,
resulting in field cancerization. Therefore, we favor taking a
more aggressive approach and, given no absolute contra-
indications, we recommend a scalp exchange with radical
resection of the malignant lesion, removal of the surround-
ing injured tissue, and immediate free flap reconstruction.

Note
ThisstudywaspresentedatThe45th IsraeliSocietyofPlastic
and Aesthetic Surgery (ISPAS) annual meeting 2018. The
authors declare conforming to the Declaration of Helsinki
(local Institutional Review Board no.: 0599–19-TLV).

Authors’ Contributions
All authors have contributed to the study design, drafting,
and reviewing of the manuscript and have approved it
submission.

Funding
None.

Conflict of Interest
None declared.

References
1 Tessone A, Amariglio N, Weissman O, et al. Radiotherapy-induced

basal cell carcinomas of the scalp: are they genetically different?
Aesthetic Plast Surg 2012;36(06):1387–1392

2 Ronel DN, Schwager RG, Avram MR. Squamous cell carcinoma of
the scalp after radiotherapy for tinea capitis. Dermatol Surg 2004;
30(03):446–449

3 Ekmekçi P, Bostanci S, Anadolu R, Erdem C, Gürgey E. Multiple
basal cell carcinomas developed after radiation therapy for
tinea capitis: a case report. Dermatol Surg 2001;27(07):
667–669

4 Karagas MR, McDonald JA, Greenberg ER, et al; For The Skin
Cancer Prevention Study Group. Risk of basal cell and squamous
cell skin cancers after ionizing radiation therapy. J Natl Cancer Inst
1996;88(24):1848–1853

5 Boaventura P, Oliveira R, Pereira D, Soares P, Teixeira-Gomes J.
Head and neck basal cell carcinoma prevalence in individuals
submitted to childhood X-ray epilation for tinea capitis treat-
ment. Eur J Dermatol 2012;22(02):225–230

6 Maalej M, Frikha H, Kochbati L, et al. Radio-induced malignancies
of the scalp about 98 patients with 150 lesions and literature
review. Cancer Radiother 2004;8(02):81–87

7 Caccialanza M, Piccinno R, Brambati M. Relapsing meningiomas
and multiple basal cell carcinomas after x-ray epilation for tinea
capitis. Int J Dermatol 2012;51(07):880–881

8 Umansky F, Shoshan Y, Rosenthal G, Fraifeld S, Spektor S. Radia-
tion-induced meningioma. Neurosurg Focus 2008;24(05):E7

9 Sadetzki S, Flint-Richter P, Ben-Tal T, Nass D. Radiation-induced
meningioma: a descriptive study of 253 cases. J Neurosurg 2002;
97(05):1078–1082

Fig. 4 Postoperative photos following scalp exchange with a free latissimus dorsi flap and split-thickness skin graft. (A, B) At 3 months
postoperatively. (C) At 1 year postoperatively.

Journal of Reconstructive Microsurgery Open Vol. 5 No. 2/2020

Scalp Exchange Post–Tinea Capitis Irradiation Fliss et al. e67



10 Hassanpour SE, Kalantar-Hormozi A, Motamed S, Moosavizadeh
SM, Shahverdiani R. Basal cell carcinoma of scalp in patients with
history of childhood therapeutic radiation: a retrospective study
and comparison to nonirradiated patients. Ann Plast Surg 2006;
57(05):509–512

11 Crossland PM. Therapy of tinea capitis; the value of x-ray epila-
tion. Calif Med 1956;84(05):351–353

12 Pousti A. Malignant tumours of the scalp resulting from X-ray
treatment of tinea capitis. Br J Plast Surg 1979;32(01):52–54

13 Tauber G, Pavlovsky L, Fenig E, Hodak E. Vismodegib for radiation-
induced multiple basal cell carcinomas (BCCs) of the scalp. J Am
Acad Dermatol 2015;73(05):799–801

14 Sawyer AR, McGoldrick RB, Mackey SP, Powell B, Pohl M. Malig-
nantmelanoma following scalp irradiation for tinea capitis. J Plast
Reconstr Aesthet Surg 2007;60(11):1239–1240

15 Ron E, Modan B, Boice JD Jr. Mortality after radiotherapy for
ringworm of the scalp. Am J Epidemiol 1988;127(04):713–725

16 van Driel AA, Mureau MA, Goldstein DP, et al. Aesthetic and
oncologic outcome after microsurgical reconstruction of complex
scalp and forehead defects after malignant tumor resection: an
algorithmfor treatment. PlastReconstrSurg2010;126(02):460–470

17 Simunovic F, Eisenhardt SU, Penna V, Thiele JR, Stark GB, Bannasch
H.Microsurgical reconstruction of oncological scalp defects in the
elderly. J Plast Reconstr Aesthet Surg 2016;69(07):912–919

18 McCombe D, Donato R, Hofer SO, Morrison W. Free flaps in the
treatment of locally advanced malignancy of the scalp and
forehead. Ann Plast Surg 2002;48(06):600–606

19 Fischer JP, Sieber B, Nelson JA, et al. A 15-year experience of
complex scalp reconstruction using free tissue transfer-analysis

of risk factors for complications. J Reconstr Microsurg 2013;29
(02):89–97

20 Afifi A, Djohan RS, Hammert W, Papay FA, Barnett AE, Zins JE.
Lessons learned reconstructing complex scalp defects using free
flaps and a cranioplasty in one stage. J Craniofac Surg 2010;21
(04):1205–1209

21 Lutz BS, Wei FC, Chen HC, Lin CH, Wei CY. Reconstruction of scalp
defects with free flaps in 30 cases. Br J Plast Surg 1998;51(03):
186–190

22 LabowBI, Rosen H, Pap SA, Upton J. Microsurgical reconstruction:
a more conservative method of managing large scalp defects? J
Reconstr Microsurg 2009;25(08):465–474

23 Hierner R, van Loon J, Goffin J, van Calenbergh F. Free latissimus
dorsi flap transfer for subtotal scalp and cranium defect recon-
struction: report of 7 cases. Microsurgery 2007;27(05):425–428

24 Chang KP, Lai CH, Chang CH, Lin CL, Lai CS, Lin SD. Freeflap options
for reconstruction of complicated scalp and calvarial defects:
report of a series of cases and literature review. Microsurgery
2010;30(01):13–18

25 Desai SC, Sand JP, Sharon JD, Branham G, Nussenbaum B. Scalp
reconstruction: an algorithmic approach and systematic review.
JAMA Facial Plast Surg 2015;17(01):56–66

26 Stark J, Podda S, Szymanski K. Invasive squamous cell carcinoma
of the scalp and calvarium: a multidisciplinary approach. Eplasty
2016;16:e29

27 Steiner D, Horch RE, Eyüpoglu I, et al. Reconstruction of composite
defects of the scalp and neurocranium-a treatment algorithm
from local flaps to combined AV loop free flap reconstruction.
World J Surg Oncol 2018;16(01):217

Journal of Reconstructive Microsurgery Open Vol. 5 No. 2/2020

Scalp Exchange Post–Tinea Capitis Irradiation Fliss et al.e68



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


