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ABSTRACT

Background: The management of advanced cutaneous malignancies has been controversial. 
Thirteen patients with nonmelanoma skin neoplasias that had invaded the bone of the calvarium 
and scalp were treated in our centre. Objective: The purpose of this study was to evaluate 
our experience in treating these malignancies with scalp resection and full or partial thickness 
cranium reconstruction. Patients and Methods: From June 2008 to March 2012, thirteen patients 
with locally advanced tumours of the scalp invading the calvarium were treated with wide local 
excision of the scalp combined with an underlying craniectomy and dural resection if needed.  
Results: Using histopathological diagnosis eleven patients were diagnosed with basal cell carcinoma 
and two patients with squamous cell carcinoma. A full thickness cranium resection was performed 
in seven patients and partial in six patients. Conclusion: These large cancers occasionally invade 
adjacent structures, as well as bone, presenting a challenging surgical problem. In general, giant 
rotational or island scalp flaps and free tissue transfers are needed to close the area. Finding clean 
margins are an important part of treating patients with bone involvement and can usually be attained 
using outer tabula curettage thus preventing unnecessary morbidity. 
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INTRODUCTION

Basal cell carcinomas (BCC) are the most 
common neoplasm in the craniofacial region 
and squamous cell carcinomas (SCC) are the 

second most frequently occurring. BCCs tend to have 

an aggressive growth pattern and quickly reach a large 
size.[1,2] These invasive tumours usually reach into deep 
tissue, affecting cartilage, bone, or muscle.[3] These 
lesions are generally caused by unprotected exposure to 
ultraviolet light, and common predisposing conditions 
including; lightly pigmented skin, family history of 
skin cancer and immunodeficiency states. [4] BCC also 
occurs as part of familial neoplastic syndromes, like 
the Gorlin-Gotz syndrome.[5] SCC is the second most 
common malignant tumour of the craniofacial region. 
Its main difference from BCC is that they can often 
spread to the regional lymph nodes of the neck and head 
region. Cutaneous SCC risk factors include; long-term 
exposure to ultraviolet or ionising radiation, arsenic 
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Figure 2: (a) Appearance of the nodular ulcerative lesion on the right eyebrow 
and frontal region, (b) Axial plane, computerised tomography imaging scan. 
View of the frontal bone erosion, (c) Appearance of the methyl methacrylate 

and (d) large rotational scalp flap reconstruction after wide full thickness scalp 
and skull excision

or repeated contact with polycyclic hydrocarbons. 
These cancers can also occur in chronic lesions caused 
by burns, ulcers, or infection of traumatic wounds.[6]

Reconstruction is usually accomplished by primary 
closure or local flaps after complete traditional or 
Mohs micrographic excision. Most patients have a 
benign clinical course with excellent cosmetic and 
functional outcomes. A small percentage of these 
patients will present with craniofacial skin cancers 
that involve large surface areas and to variable 
degrees, the subcutaneous structures, adjacent 
organ systems, or facial skeleton. These large locally 
advanced skin cancers frequently invade adjacent 
structures, requiring an extensive resection of soft-
tissue and bone, creating a challenging reconstructive 
problem. In addition, the face and scalp over time 
tend to ulcerate and necrosis, creating significant 
hygiene and social problems.

The purpose of this study is to evaluate our experience 
with surgical resection of locally advanced scalp non-
melanocytic skin malignancies (NMSMs), reconstruction 
of composite scalp defects using pedicle or free tissue 
transfer and to evaluate polymethyl-methacrylate 
cranioplasty in repairing large defects in the craniofacial 
region. At the same time outer tabula skull bone 
curettage is discussed as a treatment for patients with 
invasive partial skull defects. We retrospectively review 
our institutional experience with surgical excision of 
bone invaded NMSMs and immediate reconstruction. 
Patient characteristics, tumour size and location, 
recurrence and metastasis, type of reconstruction and 
complications are presented for 13 patients. 

PATIENTS AND METHODS

Between March 2008 and January 2013, 292 patients 
were treated in our clinic for non-melanocytic skin cancer 
in the craniofacial region. Out of these, 13 patients with 
NMSMs that had invaded the bone of the craniofacial 
region were found and included in this study. A 
retrospective chart review of hospital and office records 
of all patients was performed. Patient demographics, 
tumour characteristics, reconstructive treatment and 
outcomes are summarized in Table 1.

Patients with locally advanced tumours of the scalp 
invading the calvarium were treated with wide local 

excision of the scalp combined with underlying 
craniectomy and dural resection if needed. Curettage of 
the outer tabula of the skull bone was performed for the 
partial thickness cranium invasion and reconstruction 
of the skeletal structure was not needed [Figure 1d]. 
We visually confirmed clean margins on the bone 
structure. In the case of full thickness cranium defects 
reconstruction was completed using a fascial graft 
for the dura, methyl methacrylate and titanium mesh 
for the skull [Figure 2c]. External soft-tissue closure 
was performed with giant rotational flap [Figure 2], 
temporal artery island flap [Figure 1 and 3] and free 
tissue transfer.
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Figure 1: (a) Appearance of the nodular ulcerative lesion on the frontal and 
anterior sagittal region, (b) Axial plane, computerised tomography imaging 
scan. View of the frontal bone erosion, (c) Intraoperative appearance of the 

frontal bone tumoural erosion and (d) construction of bone curettage, (e) Intra-
operative appearance of giant temporal artery island flap elevation, (f) Late 

post-operative view of the patient
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alopecia ground. None of our patients had evidence of 
metastasis at the time of presentation.

All patients underwent wide surgical excision to obtain free 
soft-tissue margins as confirmed by intraoperative frozen 
sections. One patient required 2 operative procedures to 
confirm a microsurgically free margin before reconstruction 
was performed. One patient had gross extension of 
tumour into the frontal sinuses, requiring a complete 
sinuses exenteration. Outer tabula resection was enough 
to get clear margins in 6 of the patients. Full thickness 
cranium resection and dura repair was needed for 7 of 
the patients. Large bony defects were reconstructed with 
polymethyl methacrylate (bone cement). Small defects 
were reconstructed with titanium mesh. Fascial grafts were 
used for dura repair. Soft tissue reconstruction required 
3 free tissue transfers (Latissimus dorsi (LD) muscle flap 
and skin grafting were preferred), 4 temporal artery island 

Table 1: Patient demographics, tumour characteristics, reconstructive treatment and outcomes were summarized
Case Gender/

age
Histopathological 
diagnosis

Size Location Excision Reconstruction

1 M/47 BCC, morpheaform 3 
times previous excision
PT: 12 years

6 × 5 cm On the right eyebrow, 
frontal bone invasion

Involved skin, muscle, partial 
frontal bone curettage, right 
eyebrow and partial orbital contents 
with margins

Right temporal artery 
island flap

2 M/62 BCC, metatypical
PT: 8 years

18 × 14 cm Complete frontal region, 
frontal bone invasion

Involved skin, muscle, partial frontal 
bone curettage with margins

Giant right temporal 
artery island flap

3 F/61 SCC, congenital alopecia 
ground
PT: 3 years

15 × 9 cm Vertex region, sagittal 
bone invasion

Scalp, full-thickness bone with 
margins

LD muscle flap+STSG, 
methyl methacrylate

4 M/66 SCC, burn scar ground
PT: 7 years

9 × 16 cm On the right eyebrow, 
frontal bone invasion, 
frontal sinuses

Involved skin, muscle, bone, frontal 
sinuses and orbital contents with 
margins

Giant rotational scalp 
flap, methyl methacrylate 
Dead (post-op. 21th day)

5 M/87 BCC, metatypical
PT: 5 years

8 × 4 cm Right frontal region, left 
infraorbital, frontal bone 
invasion

Involved skin, muscle, full-
thickness frontal bone, with 
margins

Right temporal artery 
island flap, titanium 
mesh

6 M/83 BCC, basal cell nevus 
syndrome
PT: 3 years

6 × 20 cm Right frontal, temporal, 
malar, lateral cantus, 
frontal bone invasion

Involved skin, muscle, Right frontal 
bone curettage

Giant rotational scalp 
flap+skin graft

7 M/72 BCC+SCC, metatypical
PT: 4 years

8 × 6 cm Right frontal and sol infra 
orbital

Involved skin, muscle, frontal bone 
curettage, with margins

Right temporal artery 
island flap

8 F/61 BCC+MM, morpheaform
PT: 2 years

10 × 8 cm Left frontal region and 
bone invasion

Involved skin, muscle, frontal bone, 
with margins

Rotational scalp flap, 
methyl methacrylate

9 M/62 BCC, Metatypical
PT:2 years

9 × 4 cm Left temporo-frontal 
region

Involved skin, muscle, bone, with 
margins

LD muscle flap +STSG
titanium mesh

10 M/72 BCC, Metatypical
PT:3 years

8 × 10 cm Left temporal region Involved skin, muscle, bone 
curettage  with margins

Rotational scalp flap

11 M/65 BCC, Metatypical
PT:5 years

15 × 14 cm Vertex region Involved skin, bone, with margins LD muscle flap +STSG
Methyl methacrylate

12 M/83 BCC, Morpheaform
PT:5 years

8 × 12 cm Frontal hairline Involved skin, muscle, bone, with 
margins

Rotational scalp flap, 
titanium mesh

13 M/84 BCC 
PT:2 years

8 × 7 cm Frontal-sagittal region Involved skin, muscle, bone  
curettage, with margins

Rotational scalp flap

BCC: Basal cell carcinoma, SCC: Squamous cell carcinoma, MM: Malign melanoma, PT: Presentation time, LD: Latissimus dorsi, STSG: Split-thickness skin graft, 
M: Male, F: Female

RESULTS

Bone invasion was detected in 4.4% of our cases of 
NMSMs in the craniofacial region. Of these patients a 
histopathological diagnosis of BCC was confirmed in 
11 cases and SCC in the remaining 2 cases. In our study 
6 patients presented with metatypical type pathologies 
and 3 patients had morpheaform type pathologies. The 
mean diameter of the lesions was 12 cm (8-20 cm). The 
age range at presentation was from 43 to 87 years old, 
with a mean age of 70 years. 10 patients were male and 
3 patients female. The lesions were located in the frontal 
(8), temporal (3) and vertex (2) regions. All patients had 
a history of lesion presentation longer than 2 years and 
2 patients presented with recurrence after previous 
excisions. Significant medical history included 1 patient 
with burn scar ground, 1 patient with a history of basal 
cell nevus syndrome and 1 patient with congenital 
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flaps and 6 large rotational, tranpositional scalp flaps. 
Two patients developed flap complications. These were 
a partial distal loss of a scalp tranpositional flap on the 
patient with burn scar ground and a partial necrosis of an 
LD muscle flap. The patient’s distal flap healed seamlessly 
after a minor revision while the partial necrosis healed 
after a major revision with a rotational scalp flap, all other 
reconstructions healed without complications. 

Patients follow-up ranged from 10 to 52 months, with a 
mean follow-up of 26 months. Late complications include 
a strabismus due to flap contraction after radiotherapy. 
Peri-operative complications not associated with the 
operative site include a pneumonia requiring ventilatory 
support. This patient died on the 21st post-operative 
day for reasons not relating to the surgery. With the 
exception of the strabismus, no patient has undergone 
any revisions or additional reconstructions. No tumour 
recurrences or metastases have been identified in any of 
our patients thus far. Patient and family satisfaction has 
been good. A decrease in pain and improved appearance 
and hygiene has been reported. 

DISCUSSION

The usual presentation of basal cell cancer, the most 
common cutaneous malignancy, is a lesion that is 
readily excised and closed, with negligible concern for 
metastasis. However, cutaneous SCCs have a risk of 
spreading to the lymph nodes. NMSM Invaded the bone 
are extremely rare tumours as most patients with non-

healing lesions will typically seek medical attention 
before the ulceration reaches a large size.[7] There aren’t 
any studies specifically designed to study these tumours. 
Risk factors associated with giant skin malignancies 
that have invaded the bone include length of time to 
presentation, patient neglect, previous treatment, an 
aggressive histologic type (morpheaform, micronodular, 
and metatypical) and previous radiation therapy.[8] In 
addition, traumatic ground (congenital alopecia, burn 
scar) can also be seen as an additional risk as seen in two 
of our cases. In our study group more than half of the 
cases presented in the frontal region. The entire frontal 
area can be considered a risk factor. In this study only 2 of 
13 patients were pathologically diagnosed as SCC and 
these had developed on the burn scars and congenital 
alopecia ground. We conclude that in order for these 
tumours to invade bone tissue before distant metastasis 
has occurred there must be other risk factors present. 
The size of a lesion results from a combination of rate 
of growth, as well as length of time to diagnosis, since 
there is no definitive evidence that malignancies that 
have invaded the bone grow at an increased rate, delayed 
diagnosis and treatment is presumed to be the primary 
cause of increased size.[9] Both our study and other 
studies report duration of greater than 2 years before 
diagnosis and treatment which also supports the idea 
that neglect is a contributing factor to the large tumour 
size.[8-13] In our group of patients, medical attention was 
sought at the insistence of family or friends, or the lesion 
was noted when the patient presented for evaluation of 
other medical conditions.

The large size and invasion of the bone have implications 
for metastatic potential[6,13] as well as reconstructive 
requirements. Metastatic potential, while increased in 
some studies of giant skin cancers[8,12,13] is not present 
at all in our series. Metastasis in basal cancer, overall, 
is a rare finding, often occurring after a long interval 
following the initial presentation.[14,15] None of the 
patients in our series exhibited distant metastasis. The 
development of metastases may be related to an immune 
deficient state.[14] Once metastases are present, survival is 
markedly diminished.[16]

Surgery is the primary treatment in NMSMs. Radiation 
therapy is an alternative to surgical excision and 
reconstruction in patients who are not candidates for 
prolonged anaesthesia or surgery or in patients who do 
not elect to undergo surgery. A study of T4 lesions of the 
head and neck with involvement of cartilage, muscle, or 

Figure 3: (a) Appearance of the nodular ulcerative lesion on the right eyebrow 
and frontal region, (b) Three-dimensional: computerised tomography imaging 
scan. View of the right supraorbital frontal bone erosion, (c) Intra-operative 
appearance of the supraorbital bone tumoural erosion, (d) Intra-operative 

planning of the right temporal artery island flap, (e) Late post-operative view 
of the patient
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bone showed only 67% rate of success when using radiation 
therapy.[17] Interestingly, tumour size did not correlate with 
outcomes in this series. Short-term complications related 
to head and neck function and long-term complications 
such as carcinogenesis are considerations in choosing the 
appropriate course of treatment.

Reconstruction options are determined according 
to the size of the resulting defect and the location 
of vital structures. The removal of extensive face and 
scalp lesions can result in large complex soft-tissue 
and bone defects, with exenteration of the orbit, 
brain and frontal sinuses exposure. Exposure of the 
frontal sinus will require stripping the sinus mucosa 
and obliterating the frontonasal duct. Reconstruction 
options are planned in three stages, the layer of soft 
tissue, cranium and duramater. For external soft-tissue 
repair free flaps are considered today to be the first 
choice in most cases. Microsurgical reconstruction has 
the advantage of a single- stage closure of complex 
defects with well-vascularised tissue, particularly 
in the case of radiated or scarred tissue.[18] In the 
oncologic setting, large defects and composite defects 
are reliably treated with a free flap to provide stable 
immediate coverage.[19-21] If postoperative radiotherapy 
is necessary, fasciocutaneous coverage is preferable 
to muscle coverage with skin grafting because of the 
reliability and durability of cutaneous healing.[22,23] 
In thin patients, an anterolateral thigh flap is ideal 
because of its minimal donor-site morbidity and long 
pedicle length. For total scalp coverage, or in patients 
with a thick subcutaneous layer where an anterolateral 
thigh flap is inadequate, a LD muscle free flap with skin 
grafting may be preferable.[22] In our series we have used 
the free LD muscle flap in three patients. Alternatives 
such as the scapular flap, rectus abdominis flap and 
radial forearm flaps have been described but are limited 
to treating smaller sized defects.[19,23-26] 

Our group was surgically treated; however, 
reconstruction with microsurgery is not always possible 
for reasons including advanced age of the patient, 
additional problems that increase the risk of anesthesia, 
extension of the duration of surgery. In these cases we 
chose to use scalp flaps if adequate for closure. The 
advantages of scalp flaps are that they provide repair 
with similar textures, short length of time in surgery 
and they have a tissue resistant to radiotherapy. The 
disadvantages of the use of skin grafts for closure of 
the donor area are development of dog-ear deformities 

and sometimes insufficient volume. Pinwheel flaps or a 
series of three rhomboid flaps as described by Raposio 
are useful in preserving the spiral hair growth pattern at 
the vertex.[27,28] However, we do not prefer this technique 
because suture lines end are in an area at the bottom 
of the devascularised cranioplasty. Larger defects have 
been reconstructed with rotation, advancement, or 
transposition scalping flaps based on a single axial 
blood supply as described by Converse, Juri and Juri and 
Orticochea.[29-32] Larger flaps may require skin grafting 
at the donor site that can be removed with subsequent 
tissue expansion. Regional flaps are limited largely to 
the trapezius myocutaneous flap for occipital defects. 
Tissue expansion provides a superior cosmetic result, 
allowing for like-with-like tissue replacement. However, 
tissue expansion typically requires multiple stages and a 
healed wound edge, precluding immediate coverage in 
the oncologic setting.[22] In our clinic, we use scalp flaps 
if adequate for closure and in conditions inappropriate 
for microsurgical reconstruction. In some patients using 
a temporal artery island flap is seen as a good option 
especially in the inferior frontal region.[33]

Composite defects of the cranial vault requiring both 
scalp and calvarial replacement can be challenging. In an 
otherwise healthy wound bed where radiotherapy is not 
anticipated, there are a variety of viable options, including 
skull reconstruction with rib grafts or titanium, and coverage 
with a free flap.[34] If adjuvant radiotherapy is planned, 
titanium mesh covered with a fasciocutaneous free flap is an 
appropriate option. If the wound bed has been previously 
infected or irradiated, non-vascularised grafts and alloplastic 
materials may not be sufficient. A vascularized rib based on 
a LD free flap has been used successfully in these cases.[35] In 
cases where the scalp is intact and there is an isolated defect 
of the calvaria, polymethyl-methacrylate has been used 
successfully for recontouring. Kumar et al. reported a 95 % 
success rate using customized methylmethacrylate implants 
to reconstruct craniectomy defects.[36] Disadvantages of 
the autogenous bone grafts are developing of donor site 
morbidity and they may sometimes prove inadequate. 
Animal (xenograft) or cadaver (allogeneic) source bone 
grafts are a viable option but the disadvantage is the cost. In 
our series, immediate skeletal reconstruction is performed 
using methyl metacrylate and metallic mesh (small defects) 
to restore integrity and contour to the cranial vault and 
facial skeleton.

We usually prefer to use fascial grafts in the inner layer 
duramater reconstruction. Although it seems against 
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to oncological principles, we think that, curettage of 
the external tabula can be performed until the tumour 
free tissue is gained in cases such as superficial bone 
invasion and low grade bcc cases. In the 6 (6/13) patients 
in whom we reached clean margins with only the outer 
tabula curettage with no skeletal reconstruction required 
morbidity was reduced as was patient mortality and there 
was no recurrence during the 3 year follow-up period. 
Clean margins can be reached in appropriate patients 
with just the external tabula curettage. It has a high 
proportion of patients in our series.

Recurrence rates after treatment of giant basal cell cancers 
has been low in most studies, but patient numbers are 
also low. Overall, the 5-year recurrence rates for all 
types of basal cell cancers treated by non-Mohs surgery 
are 8.7 %. [37] The length of time of follow-up influences 
published recurrence rates. Risk of recurrence is also 
related to increasing size.[14,38] Prior to excision, patients 
with craniofacial lesions complained of pain and difficulty 
with hygiene due to drainage and odour from the 
NMSM. Relief of pain and improvements in hygiene were 
repeatedly cited as areas of satisfaction by patients and 
families postoperatively. Successful treatment of NMSMs 
can be accomplished in a one-stage procedure even in the 
presence of extensive involvement beyond the skin. The 
improved quality of life results in high patient and family 
satisfaction. Unfortunately, the very reasons why these 
patients did not seek earlier initial treatment may result in 
presentation of other illnesses in the postoperative period 
and may also limit their long-term follow-up.

CONCLUSION

The primary goal of surgical treatment of skin tumours 
with invasion of the craniofacial bone structure is three-
dimensional tumour resection with histologically clear 
margins. This goal has to be balanced, however, with an 
acceptable functional and aesthetic result. These large 
cancers frequently invade adjacent structures, as well as 
bone, presenting a challenging surgical problem. Free tissue 
transfer has become a frequent first choice in reconstruction 
of major defects, but local flaps still have an important role. 
Clean margins in most patients with bony invasion can be 
obtained by curettage of the outer tabula. In order to reduce 
the risk of morbidity full-thickness resections should only 
be considered as the last alternative. Since these lesions 
have metastatic potential, an aggressive surgical resection 
to obtain clean margins offers the best chance for cure. 

Neglect is a major contribution to the development of 
NMSMs, with undiagnosed medical problems predisposing 
patients to postoperative complications. NMSMs which 
have invaded the bone can be successfully treated, with low 
complications, good oncologic outcomes and acceptable 
cosmetic results.
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