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EPidEmiology And Etiology of 
non-mElAnomA Skin CAnCEr
Skin cancer is the most common malignancy in 
the Caucasian population with basal cell carci-
noma (BCC) representing 75% and squamous 
cell carcinoma (SCC) 20% of all skin cancer 
cases.1-3 The remaining 5% include melanomas 
and other rare skin cancers such as skin adnex 
tumors, Merkel cell carcinoma and dermatofi-
brosarcoma protuberans. This thesis deals with 
surgical treatment of BCCs and SCCs (together 
named non-melanoma skin cancer (NMSC)) 
and a number of reconstructive techniques. 
In general, the risk for development of NMSC is 
associated with UV solar radiation exposure and 
the patient’s skin type. Fair-skinned individuals 
who frequently burn and never tan (Fitzpatrick 
skin types I) are at a much higher risk for devel-
oping NMSC than their darker-skinned, rarely 
burning individuals. 
 BCCs are more linked to intensive inter-
mittent exposure resulting in sunburn whereas 
SCCs are predominantly associated with chron-
ic long-term sun exposure.4 In both cancers, sun 
exposure in early life appears to be significant 
for the development of skin cancer later in life, 
sun exposure therefore is cumulative with de-
velopment of skin cancers with increasing age.5 
Caucasian individuals living in continents with 
a thinner ozone layer, such as Australia, have a 
higher risk for developing NMSC. Since they 
are exposed to a larger amount of damaging UV 
radiation than individuals living in the northern 
hemisphere.    
 The head and neck is the most sun-exposed 
area of the human body. As a consequence, 
eighty per cent of all NMSC occur in this re-
gion.6,7 UV exposure through recreational tan-

ning, sun beds and therapeutic light units also 
increases the risk of skin cancer. Psoriasis treat-
ment with oral psoralen and ultraviolet-A light 
(PUVA) is also related to increased frequency of 
BCC and SCC.8

 Over the last decades there has been a signifi-
cant rise in the incidence of NMSC.3,9,10 For the 
Netherlands it is expected that there will be an 
increase of 80% in the total number of skin can-
cer patients over a 15-year period (from 20.654 
in 2000 to 37.342 in 2015).11 For SCC there will 
be an increase among older males and females 
(aged ≥ 65) of 79% and for younger females 
(aged 35-64) of 93%. BCC is expected to in-
crease by 66% in males, and 94% in females in 
the group aged 15-64. Thus most of the increase 
is to be found in women especially in sites other 
than the head and neck such as the trunk and 
legs.12-14 This is probably explained by inter-
mittent exposure to UV radiation,as a result of 
the increasing popularity of sunbathing and the 
wearing of bikinis since the 1960’s. For BCC, a 
more recent study showed the age-adjusted in-
cidence rates increased approximately threefold 
from 40 to 148 per 100.000 in males and from 
34 to 141 in females.15 The lifetime risk of BCC 
was 1 in 5-6 for Dutch citizens. Disease preva-
lence in the Netherlands was 1.4% and almost 
four times higher than this (5.4%) in the old-
est age group (aged >65). Predictions of future 
trends showed no signs of plateau in the number 
of cases.15 Therefore skin cancer is a significant  
public health problem in the Netherlands.
 Physical and chemical exposure may also be 
associated with development of NMSC. Ioniz-
ing radiation has a threefold higher risk for de-
veloping NMSC 16 and appears to be dose de-
pendent, with larger fractioned doses (> 12-15 
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Grays) inducing tumor formation. Most of these 
NMSCs develop four to five decades after the 
initial irradiation. NMSCs, predominantly SCC, 
are also associated with chemical exposure (Ar-
senic, Tar, Soot, Tobacco, Asphalt, Mineral Oil, 
Polycyclic Aromatic Hydrocarbons, and Nitro-
gen Mustard) and develop many years after the 
initial exposure.17,18

 Patients with iatrogenic immune deficien-
cies such as solid organ transplant recipients are 
also known for their risk of developing NMSC. 
When compared to the general population, these 
patients are 40 to 250 times more prone to de-
velop SCC and five to ten times more likely to 
develop BCC.19 Although a diminished immune 
surveillance is likely to occur after immuno-
suppression by Cyclosporine or Azathioprine, 
a direct carcinogenic effect of these immuno-
suppressives cannot be completely ruled out.19 
Although the metastatic potential of cutaneous 
SCC is low20, it is significantly higher in patients 
with solid organ transplantation.21

 Infection with oncogenic strains of HPV, 
such as 16 or 18, is also associated with SCCs. 

22 These lesions commonly arise in HIV-infected 
individuals and tend to develop in the periun-
gal and anogenital regions. SCCs can also arise 
within scars and chronic wounds.1,22 The Marjo-
lin’s ulcer, a cutaneous squamous cell carcinoma 
developing in an old scar, can have a latency pe-
riod of as long as 30 years.1

PAthogEnESiS 
Basal cell carcinoma
Most BCCs are aneuploid and loss of heterezy-
gosity (LOH) analysis has repeatedly demon-
strated allelic loss of chromosome 9q in affected 
tumor cells.23 In approximately 69% of cases 

patched 1gene (PTCH) mutations, located on 
chromosome 9q, have been found. In 36% of 
BCCs allelic losses are found at 6q23-q27 loci, 
suggesting the presence of an additional tumor 
suppressor gene which remains unidentified. 
Genetic pathway mutations in BCC result in 
uncontrolled Hedgehog (Hh) signalling, which   
is required for proliferation of hair follicle epi-
thelium.24-26 This may explain why most BCCs 
primarily develop in pilosebaceous skin units, 
which are mainly found in the head and neck, 
with the nose as one of the most affected sites. 
There is no known precursor lesion to BCC, 
such as actinic keratosis in SCC. 
 Nevoid basal cell carcinoma syndrome 
(NBCCS, basal cell naevus syndrome, Gorlin 
syndrome) is an autosomal dominant disorder, 
also caused by the occurence of mutations in 
the PTCH gene.27 It is characterized by multiple 
basal cell carcinomas across the whole skin, ker-
atocysts of the jaws, palmar and plantar pits, ce-
rebral ectopic calcification and several skeletal 
anomalies. Occasionally, patients with NBCCS 
develop other neoplasms, particularly medullo-
blastomas and ovarian fibromas, indicating that 
the PTCH gene is a tumor-suppressor gene af-
fecting many organ systems.27

 Xeroderma pigmentosum is a rare disorder 
transmitted in an autosomal recessive manner, 
characterized by photosensitivity, pigment chang-
es, premature skin aging, and malignant tumor 
development.28 These manifestations are due to a 
cellular hypersensitivity to UV radiation resulting 
from a defect in DNA repair. Other genetic syn-
dromes, associated with multiple NMSCs, are ocu-
locutaneous albinism, epidermodysplasia verruci-
formis and dystrophic epidermiolysis bullosa.27,29
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Actinic keratosis and squamous cell carcinoma
UV-induced p53 gene mutation is the most com-
mon genetic abnormality found in actinic kera-
tosis and SCCs.30 It is believed that cutaneous 
SCCs develop through a multistep process and 
accumulating genetic changes in the epidermis 
leading to genetic instability. The progressive 
genetic changes are clinically represented by 
the evolution of precancerous actinic keratosis 
to SCC in situ, followed by invasive SCC, and 
finally resulting in metastatic SCC. Actinic kera-
tosis histologically demonstrates mild-to-severe 
squamous cell dysplasia within basal layers of 
the epidermis. Severe squamous cell dysplasia, 
involving the full thickness of the epidermis, is 
synonymous with SCC in situ, also known as 
Bowen’s disease. The risk of an individual ac-
tinic keratosis developing into invasive SCC is 
estimated to be less than 0.1 % per year.31

CliniCAl fEAtUrES of
non-mElAnomA Skin CAnCEr
Basal Cell Carcinoma
BCCs are characterized by different clinical and 
histopathological phenotypes, with different 
prognostic impact. For practical clinical purposes 
a distinction is made between non-aggressive 
(nodular and superficial BCCs) and aggressive 
(e.g. infiltrating, micro-nodular, sclerosing BCCs) 
characteristics. Progression to metastatic disease 
is extremely rare32 but if left untreated BCCs can 
enlarge to several centimetres and become locally 
destructive to surrounding tissue, including bone 
and cartilage.  The clinical course of BCC is un-
predictable; it may remain small for years with 
little tendency to grow, or it may grow rapidly or 
proceed by successive spurts of extension of tu-
mor and partial regression. 

 Superficial BCCs assume a primarily hori-
zontal growth pattern and present as thin, ery-
thematous plaques with variable amounts of 
telangiectasias (figure 1). A large proportion of 
these superficial BCCs occur on the trunk, ex-
tremities and head and neck region. Over time 
superficial BCCs can become more invasive and 
demonstrate increasing induration, surface ul-
ceration and nodule formation.

 Nodular BCCs are the most common vari-
ant comprising 60% of all BCCs. They occur 
predominantly on the face and present as waxy, 
translucent, raised papules or nodules with intra-
lesional telangiectasias (figure 2). The center of 
the lesion often ulcerates as the tumor enlarges, 
with a rolled appearance at the tumor margin. 
Nodular BCCs sometimes contain blue, brown, 
or black pigment and are referred to as pigment-
ed BCCs.

Figure 1. Superficial BCC,
a thin erythematous plaque.



13

 Infiltrating BCCs present as ill-defined, indu-
rated red or white plaques that can be slightly 
elevated or depressed and atrophic (figure 3). 
They often have overlying teleangectasias and 
can be mistaken for scars with contracted areas 
of skin. These lesions frequently have finger-
like, subclinical extensions of tumor cells that 
exceed beyond the clinically visible borders of 
the lesion. Other BCC subtypes, which often ex-
hibit subclinical extension and present in a simi-
lar subtle clinical fashion, include micronodu-
lar, sclerosing, and morpheaform BCCs. Some 
of these BCCs can show perineural invasion, 
finger-like tumor spread along the small nerves, 
and might be painful.
 Certain BCCs can demonstrate features of 
true BCC as well as squamous cell carcinoma. 
These tumors are termed basosquamous carci-
nomas. Some of these tumors may represent the 
collision of a BCC and a SCC; however, others 
are likely to be BCCs a demonstrating a signifi-

cant squamous metaplasia 33 with metastatic ca-
pacity.34

Actinic Keratosis 
Actinic keratosis occurs on body surfaces with  
prolonged and continuous sun exposure, i.e. 
head, neck, and upper extremities. Within these 
sites, they are most frequently located on the he-
lix of the ears, forehead, nasal bridge, cheeks, 
dorsal aspect of hands, and extensor forearms. 
The primary lesion is an erythematous papule 
or plaque with varying degrees of rough over-
lying white or yellow scale. (figure 4) Their 
size ranges from a few millimetres to several 
centimetres in diameter. Sometimes advanced 
lesions can form thick cornified columns of 
scale that protrude the skin, leading to a ‘‘Cuta-
neous horn”. A biopsy specimen should always 
be obtained from cutaneous horns, because ap-
proximately 15 % of these demonstrate invasive 
SCC at their bases.35 A clinical variant of actinic 

Figure 2. Nodular BCC, a waxy nodule on the ala. Figure 3.  Infiltrating BCC.
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keratosis is actinic cheilitis, which occurs on the 
sun-damaged skin of the lower lip.
 
Squamous Cell Carcinoma in situ
(Bowen’s disease)
SCC in situ, also known as Bowen’s disease, 
typically presents as an erythematous, scaly, 
slightly elevated plaque occurring on sun-dam-
aged skin. These lesions can arise de novo or 
from pre-existing actinic keratosis. SCC in situ 
is histologically differentiated from actinic ker-
atosis by the presence of severe squamous cell 
dysplasia involving the full thickness of the epi-
dermis.

Squamous Cell Carcinoma
Invasive SCCs present as erythematous, kera-
totic papules, plaques or nodules occurring on 
sun-damaged skin. Often, there is a history of 
intermittent bleeding (figure 4). The growth 
rate differs from slow to rapid depending on the 
degree of differentiation.
 SCCs have been histologically categorized 
into two major groups: well-differentiated ver-
sus moderately, poorly or undifferentiated sub-
types. The latter are associated with a higher risk 
of recurrence and metastasis.36 Additional ag-
gressive, high-risk subtypes include adenoid or 
acantholytic, adenosquamous, and desmoplas-
tic SCCs.37-40 Deeper invasion of SCC into the 
dermis and subcutaneous fat, measured either in 
millimetres or by Clark level, as in Melanoma, 
also correlates with an increased risk of recur-
rence and metastasis, particularly if depth of the 
lesions is > 4mm.31 Perineural growth, more fre-
quently associated with SCC, also significantly 
increases the risk of loco-regional recurrence 
and distant metastasis.41

More advanced lesions can become indurated, 
hyperkeratotic, and sometimes ulcerative. The 
metastasizing capacity of cutaneous SCC is 
low, concerning only 5% of cases, but for those 
involving ears and lips, this figure rises to 9%-
14%.42 SCC of the forehead, cheek, eyelids, and 
ears usually metastasize to parotid lymph nodes, 
while lip, nasal and perioral tumors metastasize 
to levels I-II of the neck.17,20,30,43

Keratoacanthoma
Keratoacanthomas present as a rapidly enlarging 
nodule with a central crater filled with keratin-
aceous material (figure 5). They generally oc-
cur on sun-exposed skin and typically present 
as solitary lesions. As there are no clinical or 
histological criteria to classify a potential kera-
toacanthoma as a benign tumor that might spon-
taneously regress or as an SCC with metastatic 
potential it is often necessary to completely ex-
cise the lesion.44 If in the history of the patient, 

Figure 4. Actinic keratosis on the skin and blee-
ding SCC in the center
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the lesion has diminished in size or at least has 
stopped growing, a conservative approach can 
be chosen but careful follow-up is essential.  

diAgnoSiS
Although many NMSCs can often be diagnosed 
clinically by their macroscopic appearance, a 
properly performed biopsy is a prerequisite to 
confirm the diagnosis and to guide management. 
The most commonly used techniques are shave 
and punch biopsies. Shave biopsies only shave 
off the upper dermis and are suitable for histo-
logical examination of exophytic parts of skin 
tumors, especially in diagnostic processing of 
atypical skin tumors.45 This technique does not 
lead to extra scar formation and leaves the deep 
and lateral margins of the tumor intact. How-
ever, histological examination of shave biopsies 
has its limitations and is not useful for flat skin 

lesions. In these cases, punch biopsies allow for 
better histological judgement, because deeper 
layers such as the reticular dermis and subcuta-
neous fat are included.46

trEAtmEnt of nmSC
 A number of prognostic factors determine the 
chance of cure (table 1).41,47-49 The histological 
features of BCC and SCC have already been dis-
cussed in the previous paragraphs. 

Location
NMSCs located in the head and neck region are 
generally more likely to recur than those occur-
ring on the trunk and extremities. The sites at 
highest risk for recurrence are collectively re-
ferred to as the “H-zone” of the face (figure 
6).50 These areas include the central face, eye-
lids, eyebrows, periorbital skin, nose, lips, pre-
auricular and post-auricular skin. 

  
 

Size and border
Tumor size in conjunction with location also 
affects the risk of recurrence. In general, any 
NMSC larger than 2 cm in diameter has a higher 

Figure 5. Keratoacanthoma on the left forehead.

Figure 6. “H-zone’’  of the face
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Table 1. Clinical and histological findings associated with NMSC recurrence. 
 
 
 

 serutaef-ksir-woL High-risk features 

 

   

Clinical Parameters   

   Location and size  -Trunk/extremities < 20 mm 

-Cheeks, forehead, scalp, neck  

 < 10 mm 

 

-Trunk/extremities > 20 mm 

-Cheeks, forehead, scalp, neck > 10 mm 

-H-zone of the face 

   Borders Well defined Poorly defined 

   Immunosuppression  tneserP tnesbA

   Failure of previous treatment  seY oN

   Site of prior radiation *  seY oN

   Site of chronic 

    inflammation* 

 seY oN

   Rapidly growing tumor*  seY oN

   Neurologic symptoms*  seY oN

   

Histologic Parameters   

   Perineural or vascular*  

    involvement 

 tneserP tnesbA

   Degree of differentiation * Well-differentiated Moderately or poorly   

differentiated 

   Adenoid, adenosquameus, or 

    Desmoplastic subtypes* 

 tneserP tnesbA

   Depth: Clark level or   

    thickness * 

I, II, III, or < 4 mm IV, V, or ≥ 4 mm 

   BCC subtype Nodular, superficial Micronodular, infiltrating, 

sclerosing, morpheaform 

 
 
* Applies only to SCC 
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rate of recurrence regardless of location.51,52 For 
SCC > 2 cm the recurrence rate doubles and the 
metastatic rate triples if compared to lesions less 
than 2 cm.1 NMSCs with ill-defined clinical bor-
ders are also more likely to recur.51,53

Recurrent tumors
Recurrent tumors often represent an aggressive 
biology47,54,55 and indistinct margins, associated 
with significant subclinical growth, contrib-
ute to a therapeutic problem. Generally speak-
ing, the cure rate of a given standard modality 
drops from 90% to 50% if the same treatment 
modality of the primary tumor is applied to the 
recurrence.56,57 It should be noted that even with 
Mohs’ micrographic surgery the entire scar in-
cluding flap or graft, as well as a deep margin of 
original resection should be reexcised, because 
tumors tend to move into previously dissected 
planes and possible nests of discontinuous tu-
mor may present after previous treatment.57,58

Treatment Guidelines
In international literature several evidence-based 
guidelines have been published for treatment of 
NMSC (table 2-5), with an emphasis on cure 
while achieving maximum preservation of func-
tion and cosmesis.59-62 However, all treatment 
decisions should be geared to individual patient 
characteristics and allow for patient preference.

Surgery
Standard surgical excision is effective for many 
primary NMSCs. Complete tumor clearance is 
confirmed by postoperative histopathologic as-
sessment of the margins. Because NMSCs can 
have subclinical extension of tumor, excision 
requires removal of the clinically apparent vis-

ible tumor as well as a small margin of normal 
surrounding skin. Studies on treatment safety 
margins of NMSC provide clinical, albeit vague, 
recommendations, ranging from 2-10 mm.63-65 
The magnitude of subclinical outgrowth in BCC 
is largely related to histologic type and size of 
tumor. Suggestions on treatment margins can 
be based on these specific characteristics. For 
example, a case of small primary nodular BCC 
with a diameter of 10 mm or less requires a 3 mm 
margin to include all tumor extensions in 80% of 
cases.66,67 Infiltrating BCCs are, however, notori-
ously deceptive, sending out subclinical exten-
sions of 7 mm or more beyond clinical estimated 
borders.66,68 Recurrent tumors need notably larg-
er margins than primary tumors.66 Most SCCs in 
high-risk locations, such as scalp, ears, eyelids, 
nose and lips need at least a 6 mm margin for 
excision.69 It is recommended that excision of all 
SCCs should include subcutaneous fat, because 
at least 30% invade to this level.69

 NMSCs can be treated surgically by either 
conventional excision (CE) or Mohs micro-
graphic surgery (MMS). MMS is a surgical 
technique for removing NMSCs and other cuta-
neous carcinomas that allows for precise micro-
scopic margin control by using horizontal frozen 
sections. A study comparing cure rates of CE 
and MMS in a randomized controlled fashion 
showed no significant difference in recurrence 
of primary BCCs between the treatment groups 
(2,5% in MMS versus 4.1% in CE).70 However, 
significantly fewer recurrences for facial recur-
rent BCC after MMS (2.4%) versus CE (12.1%) 
after five years follow-up were observed. 
For all NMSCs, MMS has been shown to have 
superior cure rates when compared to curet-
tage and electrodessication, cryosurgery, topical 
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therapies and radiotherapy. MMS affords maxi-
mal normal tissue conservation and has been 
shown to be cost effective.71 MMS is primarily 
indicated for high risk NMSCs, as is also shown 
in the guidelines for NMSC by the American 
Academy of Dermatologists.60

Curettage and Electrodessication
Curettage and electrodessication is a technique 
by which tumor is removed using a sharp curette 
followed by destruction on the base of the lesion 

with electrodessication. Successful outcomes 
rely heavily on careful selection of appropri-
ate lesions (ideally small nodular or superficial 
BCCs), as well as the skill and experience of the 
treating physician. Variations in technique in-
clude the use of different types of curette and the 
number of treatment cycles. A literature review 
of all studies published since 1947 suggested an 
overall five-year cure rate of 92.3% for selected 
primary BCC (only small nodular and superfi-
cial BCCs).53 Curettage and electrodessication is 

Table 2. Primary basal cell carcinoma (BCC): influence of tumor type, size (large = > 2 

cm) and site on the selection treatment. (Adapted from Britisch association of 

dermatologists, Telfer 2008).  
 

 

 

PDT= photodynamic therapy; ***=  probable treatment of choice;  **= generally good choice;  *= generally fair 

choice;  ?= reasonable, but not often needed;  –  = generally poor choice;   X= probably should not be used. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
BCC type: histology, size and site PDT 

 
Topical 
imiquimod 
  

 
Curettage 
and cautery 
  

 
Radiation 
therapy  
 

 
Cryo-
surgery 
 

 
Excision 
 

 
Mohs 
surgery 
 

 
Superficial, small and low-risk site 

 
** 

 
** 

 
** 

 
? 

 
** 

 
? 

 
X 

 
Nodular, small and low-risk site 

 
* 

 
- 

 
** 

 
? 

 
** 

 
*** 

 
X 

 
Infiltrative, small and low-risk site 

 
X 

 
X 

 
* 

 
* 

 
*** 

 
*** 

 
? 

 
Superficial, large and low-risk site 

 
*** 

 
** 

 
** 

 
* 

 
** 

 
* 

 
? 

 
Nodular, large and low-risk site 

 
- 

 
- 

 
** 

 
** 

 
** 

 
*** 

 
? 

 
Infiltrative, large and low-risk site 

 
X 

 
X 

 
- 

 
* 

 
* 

 
*** 

 
** 

 
Superficial, small and high-risk 

 
* 

 
* 

 
* 

 
** 

 
* 

 
** 

 
* 

 
Nodular, small and high-risk site  

 
_ 

 
- 

 
* 

 
** 

 
** 

 
*** 

 
** 

 
Infiltrative, small and high-risk site 

 
X 

 
X 

 
- 

 
* 

 
* 

 
** 
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* 

 
* 

 
- 

 
* 

 
* 

 
** 

 
** 

 
Nodular, large and high-risk site 
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X 

 
X 

 
- 

 
* 

 
** 

 
** 

 
Infiltrative, large and high-risk site 

 
X 

 
X 

 
X 

 
X 

 
* 

 
* 
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Table 3.  Recurrent basal cell carcinoma (BCC): influence of tumor type, size (large = 

> 2 cm) and site on the selection treatment  (Adapted from Britisch Association of 

Dermatologists, Telfer 2008). 
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much less successful for recurrent BCC with an 
overall five-year cure rate of 60%.72

Cryosurgery
Liquid nitrogen cryosurgery uses the effect of 
extreme cold (tissue temperatures of -50 to -60 
°C) to realize deep destruction of the tumor and 
surrounding tissues. Individual treatment tech-
niques vary considerably, with both open and 
closed spray techniques and single or multiple 
cycles of freezing.73,74 The success of cryosur-

gery relies upon careful selection of appropri-
ate lesions and individual experience.75 Cryo-
surgery can be used for treatment of low-risk 
BCC.76,77 Several retrospective studies with  a 
five years’ follow-up showed recurrence rates 
for primary BCC of 2-18%.73,74,78 In a prospec-
tive randomized trial comparing cryosurgery 
to photodynamic therapy including 88 patients 
(non-aggressive BCCs; not on the nose) the re-
currence rates were respectively 15 and 25%.79

 Cryosurgery wounds generally heal with 
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minimal tissue contraction, resulting in good 
cosmetic results.75,76 However, when comparing 
the cosmetic results of cryosurgery with com-
plete excisions of BCC in the head and neck, 
excision generally yields superior cosmetic re-
sults.80

Imiquimod and fluorouracil 
Imiquimod is an immune-response modifier, 
which acts through the release of cytokines and 
chemokines, thereby promoting a cell-mediated 
immune response, which generates an anti-viral 
and anti-tumoral effect. Imiquimod is locally 
applied for five days a week during a six week 
period. Fluorouracil is a cytostatic drug and usu-
ally applied twice a day for six weeks. In a recent 
systemic review81 clearance rates of Imiquimod 
ranged from 43% to 100% for superficial BCC, 
42% to 100% for nodular BCC, 56% to 63% for 
infiltrative BCC, 73% to 88% for SCC in situ, 
and 71% for invasive SCC.
 For Fluorouracil the following clearance 
rates were established: 90% for superficial BCC 
and 27% to 85% for SCC in situ.81 Up to 100% 
and 97% of patients applying Imiquimod and 
Fluorouracil, respectively, experienced at least 1 
adverse event like; erythema, pruritus, and pain 
ranging from mild to severe. Based on these ex-
periences, the use of Imiquimod or fluorouracil 
should be limited to patients with superficial 
BCCs in low-risk areas.

Photodynamic therapy
Photodynamic therapy is a topical therapy that 
involves the application of a photosensitizing 
agent [aminolaevulinic acid (ALA) or methyl-
aminovulinic (MAL)] to a lesion and surround-
ing skin followed by illumination with a specific 

wavelength. Topical PDT is effective in the 
treatment of actinic keratoses, Bowen’s disease, 
superficial and thin nodular basal cell carcino-
mas, with good cosmetic results.82 PDT offers 
an advantage in the treatment of large, extensive 
and multiple superficial BCCs. A multicenter, 
randomized study compared MAL-PDT (102 le-
sions) with cryosurgery (98 lesions) in primary 
superficial BCCs. The four-year recurrence rate 
was not significantly different: 22% after MAL-
PDT vs. 19% after cryotherapy.82 In another 
study 91% of 131 superficial BCCs cleared fol-
lowing MAL-PDT, with 9% of these tumors re-
curring during 35 months of follow-up.83 In the 
same study nodular BCCs were cleared in 89% 
of 168 lesions. Photodynamic therapy is mainly 
useful for numerous actinic keratoses occur-
ring on diffuse sun-damaged skin,84 particularly 
when it remains difficult to distinguish macro-
scopically the individual actinic keratosis from 
benign sun-damaged skin. 

Radiotherapy (RT)
RT is a complex mix of different techniques 
including superficial RT (generated at up to 
170kv), which is suitable for lesions up to 6 
mm in depth, electron beam therapy (generated 
at higher energies), which penetrates into the 
deeper tissues, and brachytherapy, which is use-
ful for lesions arising on curved surfaces. Poor 
long-term cosmetic results, consisting of depig-
mentation and radiation-induced teleangiecta-
sias, which were once a significant problem are 
much less likely to occur with the use of modern 
tailored RT techniques.
 Fractioned treatment regimes (which repeat-
edly exploit the difference in radio sensitivity 
between malignant and normal tissues) gener-
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ally produce superior cosmetic results compared 
with single-fraction treatment, although this 
obviously requires multiple hospital visits. All 
RT treatments are a careful compromize be-
tween the likelihood of tumor destruction and 
an acceptable risk of radionecrosis. Different 
anatomical areas have different RT tolerances, 
with the head and neck generally tolerating RT 
well. However, certain areas such as the eyelids 
can be difficult to treat. The dorsum of the nose, 
where thin skin overlies bone, is often subjected 
to repeated minor trauma from spectacles and 
therefore at higher risk of developing radione-
crosis.  
 Review articles have reported overall five-
year cure rates following RT of 91.3 %53 for pri-
mary BCC and 90.2% for recurrent BCC.60 Oth-
er studies suggest long-term (> four year) local 
control rates of 84%85, 86%86, 88%87, 92.5%88 
and 96%89 in BCCs.
 Attempts have been made to compare RT 
with other treatment modalities in a randomized 
fashion. Surgical excision (91% with frozen sec-
tion margin control) of 174 primary facial BCCs 
(< 4 cm in diameter) has been compared with 
RT (mix of interstitial brachytherapy, contact 
therapy and conventional RT) for 173 lesions.88 
The four-year recurrence rates were 0.7% for 
surgery and 7.5% for RT. Cosmetic outcome at 
four years was significantly superior following 
surgery (good cosmesis in 79%) compared to 
RT (good cosmesis in 40%) which led to altered 
pigmentation and teleangiectasia in over 65% of 
RT patients, and radiodystrophy in 41%.90 It has 
to be mentioned that this study refers to rather 
old radiation strategies, which harbour a higher 
risk for radiation damage than the modern frac-
tionation techniques.

 RT is an effective option in the treatment of 
primary BCCs and SCCs, as well as recurrent 
BCCs and SCCs after surgery,91 or as adjuvant 
therapy. It is probably the treatment of choice 
for high-risk disease in patients who are unwill-
ing or unable to tolerate surgery for cosmetic 
reasons.91,92 However, when looking at the lit-
erature, it is clear that the various results are dif-
ficult to compare.

fACiAl rEConStrUCtion 
When reconstructing defects of the face with 
local skin flaps, it is important for the surgeon 
to consider the anatomical and physical proper-
ties of the skin (skin biomechanics) along with 
neurovascular and patient factors, in order to 
achieve an optimal cosmetic and functional re-
sult.

Anatomy of the skin
Many characteristics of the human skin (tex-
ture, thickness, and content of hair follicles and 
sebaceous glands) appear highly variable both 
inter- and intra-individually, varying from one 
anatomic region to the other.  Skin may be divid-
ed into smooth, non-hair-bearing (glabrous) and 
hair-bearing (nonglabrous) areas, but is practi-
cally always hair-bearing. A complex organ sys-
tem that is essential for all forms of mammalian 
life, skin may be viewed as a double-layered 
sheath, cushioned by the underlying subcutane-
ous fat, covering the entire surface of the body.  
 The outer layer of skin, known as the epider-
mis, is separated from the inner layer or dermis, 
by the basement membrane zone. The epidermis 
is stratified squamous epithelium that varies 
greatly in depth, ranging from the thick skin of 
the scalp to the delicate skin of the eyelid, (0.04 
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mm thickness), which is the thinnest skin of the 
body. The dermis is attached to the subcutane-
ous fat and underlying musculature by fibrous 
insertions. The dermis is primarily composed 
of connective tissue and contains important 
structures, such as epidermal appendages (hair 
follicles, sebaceous glands, and sweat glands), 
nerves, blood vessels, and immunologic cells 
(figure 7).

Aesthetic (sub)units of the face
The concept of facial aesthetic units and sub-
units, and the borders that separate them, is im-
portant when designing flaps for facial recon-
struction. The face can be divided into specific 
areas or aesthetic units, which are covered by 
skin representing common characteristics (fig-
ure 8). These skin characteristics include thick-
ness, quantity of subcutaneous fat, degree of ad-
herence to underlying fascia, color, and texture 
and hair growth. These facial units are separated 
from each other by ridges or valleys in the skin 
created by the facial skeleton or musculature. 
These ridges and valleys are known as aesthetic 
borders and are identified by facial landmarks 
including eyebrows, melolabial creases, men-

tal crease, philtrum crest, vermilion borders, 
and anterior hairline. Aesthetic units and their 
borders provide form, character, and individual 
uniqueness to the face. Some aesthetic units are 
subdivided into subunits and on the nose, lip and 
ear in particular a division into subunits based on 
its complex topography can be discerned.
 The preferred flap is frequently one that can 
be designed within the same aesthetic region as 
that containing the primary defect. Scars are best 
camouflaged by placing incisions along aesthetic 
borders. When a defect involves two or more aes-
thetic units, it is usually preferred to use separate 
repairs for each unit. Where 50% or more of a 
nasal sub-unit is involved, excision of the entire 
unit will improve the cosmetic result, as this will 
enable the surgeon to position the scars within 
the various boundary and function lines.93,94

Skin biomechanics 
The skin has three unique physical properties, 
which have to be taken into account when recon-
structing defects, i.e. nonlinearity, viscoelasticity 
and anisotrophy. 

Figure 8. Aesthetic units and subunits of the 
face and nose.

Figure 7. Cross section of the skin; epidermis, 
dermis containing hair follicle, sebaceous 
gland, sweat gland, blood vessels and nerves.
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Nonlinearity 
This mechanical skin property means that skin 
stretch differs depending on how much force 
is applied and that the maximal skin stretch is 
individually determined. Increasing amounts 
of pressure are required to further deform the 
skin.95 This represents a nonlinear relationship, 
which can be demonstrated with the stress-strain 
curve (figure 9).96 This curve can be divided 
into three separate regions: 1) an initial flat re-
gion: little force causes large skin stretch; 2) a 
transition region: large force results in minimal 
increase; and 3) a terminal region: only little ex-
tension of skin despite great increases in applied 
force.
 As one might expect, the mechanical prop-
erties of skin show a marked age dependency. 
Loss of elastic fibers occurs with age, altering 
the shape of the stress-strain curve.96 Degenera-
tion of the elastin network leads to a progressive 

loss in the elastic recovery of skin. As a result, 
aged skin deforms under its own weight, modi-
fying region 1 of the stress-strain curve. Region 
3 of deformation is unchanged suggesting that 
the stiffness of collagen does not change with 
age.

Viscoelasticity
One of the viscoelastic skin properties is stress 
relaxation. If a constant force is applied over 
a period of time to stretch the skin to a given 
length while maintaining that length, this will 
subsequently lead to a decrease of skin tension.
 Another viscoelastic property of the skin is 
creep. Creep occurs when an increase in skin 
length is noted over time, when a certain tension 
is applied to a segment of skin.
This property is employed when using tissue 
expanders and is due to numerous factors such 
as collagen re-alignment, tissue dehydration and 
migration of tissue. 
 Stress relaxation and creep are interrelated. 
If a skin flap is closed under excessive tension, a 
certain amount of relaxation occurs as the tissue 
creeps. Stress relaxation allows large lesions in 
elastic regions to be removed with serial exci-
sion. It also accounts for the improved vascular-
ity observed in the first 24 hours of flaps closed 
under tension. 

Anisotropy 
This term refers to the fact that the mechanical 
properties of the skin vary with direction of clo-
sure. This property comes into play when sur-
geons are designing their incisions for defect 
closures. There is a wide variation in facial skin 
tension among the different anatomical units. 
For example the skin on the eyelids and cheek 
has much lower tension than the skin of fore-

Figure 9. Stress-strain curve for isolated skin 
can be divided in three separate regions. Aged 
skin deforms and shifting apparent origin of 
curve along X-axis.
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head and nose. However, at any given point, the 
skin is under tension in every direction. This ten-
sion is continuously present and is modified by 
muscle action. This tension is responsible for the 
separation of the edges of a wound. The relaxed 
skin lines (RSTLs) are a series of imaginary 
facial lines, along which the skin has the least 
amount of tension for closure (figure 10).97 
These lines are usually not visible at rest, but 
can be visualized by the furrows occurring when 
pinching the skin together. Incisions placed par-
allel to these lines heal without stress or tension 
on the wound closure. A wound following these 
lines remains narrow, but if it is made perpen-
dicular to the RSTLs, the edges may begin to 
widen or gap.

 Another series of lines, which are important 
in the planning of incisions, are the lines of max-
imal extensibility (LME), which run perpendic-
ular to the RSTLs. Extensibility is defined as the 
lengthening of the skin under tension, caused by 
stretching of the elastic fibers in the skin. This 
extensibility varies depending on the direction 
in which the tension is applied.98 The tension in 
the wound is smallest in the plane parallel to the 

LME, which allows for the largest amount of 
skin stretch at the widest area of the defect. Both 
lines, RSTL and LME, are important when re-
cruiting adjacent tissues to close wound defects. 
The tension on the skin flap used for reconstruc-
tion is an essential matter for consideration be-
cause excessive tension may compromize the 
blood supply in the distal portion of the flap. 
Furthermore, the orientation of a wound has a 
direct correlation to the scar appearance. The 
defect of fusiform excisions should be closed in 
the direction of the LME, so that the scar or inci-
sion is situated in the facial RSTLs,97 allowing 
for the most acceptable orientation for the place-
ment of surgical excisions.
  
VASCUlArity of thE fACE
Vascular supply
Although understanding the vascular supply is 
vital to the operative planning of the reconstruc-
tive surgeon, soft tissue surgery on the head 
and neck usually heals particularly well due to 
a rich vascular system. This vascular system is 
a three-dimensional interpenetrating linkage of 
neighboring vascular territories. Major distrib-
uting vessels travel close to the underlying bony 
skeleton, emerging from the deep tissues at fixed 
points, either from bony foramina or where the 
deep fascia approximates the underlying bone. 
For instance, several branches of the external ca-
rotid (the occipital, posterior auricular, and su-
perficial temporal arteries) emerge near the skull 
base, whereas the facial artery emerges along 
the lower border of the mandible. Other impor-
tant facial vessels arise at the bony foramina of 
the maxilla and mandible (infraorbital and men-
tal arteries) and at the orbital margins (the supra-
orbital, supratrochlear, dorsal nasal, and medial 
palpebral arteries.) The distributing arteries then 

Figure 10. Relaxed skin
tension lines (RSTLs) of the face.
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branch into smaller perforator vessels that com-
prise the basis for the muscular and cutaneous 
vascular systems. Typically, perforator branches 
enter their respective muscle groups on the deep 
surface, closely following the connective tissue 
architecture of the muscle as they divide and 
subdivide into smaller nutrient vessels before 
extending to the cutaneous surface.
 Of importance in understanding the vascular 
system is the concept of angiosome.99 An angio-
some is a composite segment of bone, muscle, 
nerve, and overlying skin, supplied by a com-
mon source vessel. These segments form the 
theoretical basis for the design of complex tissue 
flaps. A flap that is based on the source vessel of 
a single angiosome can frequently incorporate 
some tissues from an adjacent angiosome; nutri-
ent blood will be supplied to the adjacent angio-
some through collateral channels (figure 11).
 Most skin and subcutaneous tissue in the face 
are supplied by branches of the external carotid 
artery system, with the exception of a mask-like 
region in the center of the face that encompasses 
the eyes, the upper two-thirds of the nose, and 
the central forehead (figure 11). These regions 

are mainly provided by the ophthalmic branch 
of the internal carotid system with anastomozes 
with the facial and superficial temporal branches 
of the external carotid system. 

Cutaneous circulation
The cutaneous tissues and their nutrient vessels 
form a stack of interconnected vascular tissue 
planes called the vascular plexus, consisting of 
the fascial,  subcutaneous,  subdermal, dermal 
and subepidermal plexus (figure 12).100-102

Branches of perforator arteries of the distribut-
ing facial arteries (e.g. facial or supratrochlear 
artery) extend to the cutaneous surface as either 
septocutaneous or musculocutaneous arteries.
Septocutaneous vessels travel generally within 
the fascia (septa) of the muscle, whereas mus-
culocutaneous vessels pass directly through 
the muscle tissue, providing multiple nutrient 
branches to the surrounding muscle as they trav-
el vertically to the cutaneous tissues. 
 The deepest structure in the cutaneous vas-
cular plexus is the fascial plexus, at the level of 
the deep muscle fascia, which derives its blood 
supply from small vessels that branch off from 

Figure 11. Concept of angiosomes of the face 
and primary arterial supply.

Figure 12. The cutaneous vascular plexus con-
sists of the fascial , subcutaneous, subdermal, 

dermal, and subepidermal plexus. 
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septocutaneous and musculocutaneous arter-
ies. Overlying the fascial plexus is the subcu-
taneous plexus, a significant network of vessels 
corresponding to the level of the superficial fas-
cia or superficial musculoaponeurotic system 
(SMAS).
 The subdermal plexus is the most significant 
of horizontal vascular layers and has a primary 
role in the distribution of blood to other compo-
nents of the cutaneous system. The subdermal 
plexus lies at the junction between the reticular 
dermis and the underlying subcutaneous fat. 
Clinically this level corresponds with the phe-
nomenon of dermal bleeding, which is often 
seen at the leading edge of skin flaps.
Superficial to this major subdermal plexus lie 
the dermal plexus and the closely associated 
subepidermal plexus. These layers have two 
primary functions: the dermal plexus provides 
thermoregulation, whereas the capillary beds of 
the subepidermal plexus provide nutrients to the 
skin. The capillary density of the skin and the 
subcutaneous tissues is only a small fraction of 
that found in the muscular system. 
 One of the classification systems of tissue 
flaps is based on the vascular supply. Five cat-
egories are known: random cutaneous, arterial 
cutaneous, fasciocutaneous, myocutaneous or 
composite. Random cutaneous flaps are supplied 
by perforating septocutaneous and musculocu-
taneous vessels entering at the anatomic base 
of the flap. Perfusion of the distal flap segment 
occurs by way of the cutaneous (subdermal) 
vascular plexus. Random flaps are used exten-
sively on the face and encompass the majority 
of transposition, advancement and rotation flaps 
performed in this region.
 Arterial cutaneous flaps are based on the 
presence of axial aligned direct cutaneous arter-

ies that permit large areas of skin to be raised. 
The flap may extend beyond the termination of 
the artery, depending on the degree of collateral 
flow through the cutaneous vascular plexus. Ar-
terial cutaneous flaps may be used as pedicled or 
as free flaps for microvascular transfer. A clini-
cal example in the face is the forehead flap. 
 Fasciocutaneous flaps are designed to in-
clude the underlying muscular fascia. Flap sur-
vival is improved due to circulation provided 
by the fascial plexus and the adjacent subfascial 
course of arteries. Clinical examples are the ra-
dial forearm flap and the deltopectoral flap.

rEConStrUCtion oPtionS
The ideal method of reconstruction aims at clo-
sure of the defect with good cosmesis with as 
little secondary morbidity as possible. Optimal 
results rely on a sound understanding of skin 
anatomy and flap physiology, careful analysis 
of the defect and recipient site, familiarity with 
multiple reconstructive options, and meticulous 
technique.102

 A variety of options is available for the sur-
geon and in order to organize these surgical 
options, a surgeon may bear in mind the con-
cept of the reconstructive ladder. Each rung of 
the ladder represents a more complex surgical 
plan: healing through secondary intention, pri-
mary closure, skin grafts, local flaps, pedicled 
flaps and microvascular free flaps.  The advan-
tages and disadvantages of each step should be 
weighed carefully to individualize the treatment 
of choice.100

WoUnd hEAling
Each surgical reconstructive option has to deal 
with wound healing. It is a dynamic process 
consisting of complex and incompletely under-



29

stood molecular interactions between soluble 
mediators, blood cells and parenchymal cells, 
which will be discussed briefly.  Wound healing 
follows three temporarilly overlapping phases: 
inflammatory, proliferation and remodeling.103 
For optimal healing of wounds all these phases 
must take place in a coordinated sequence. The 
duration of wound healing depends on the size 
and depth of the wound. Contraction of wound 
edges also plays a major role.

Inflammatory phase (0-5 days)
The acute wound-healing process begins im-
mediately after tissue injury and once hemo-
stasis has been achieved. For the blood of the 
wound to clot, a combination of local vessel 
vasoconstriction, fibrin deposition, and platelet 
aggregation must take place.104 Fibrin deposi-
tion relies on the extrinsic coagulation pathway, 
and whereas the platelets begin to deposit on 
the vessel walls once they have been exposed to 
the local collagen and tissue factors circulating 
in the wound bed. Once 10 to 15 minutes have 
elapsed, the initial vasoconstriction changes to a 
period of vasodilatation, caused by the release of 
histamine, leukotrienes and prostaglandins from 
the endothelium. This phase gets its name from 
the infiltration of neutrophils that begin to pre-
dominate the wound bed. These cells patrol the 
wound and help prevent local infection by de-
briding foreign particles and digesting bacteria. 
These cells peak between one and two days and 
then begin to decline as the monocytes and mac-
rophages move into the area, peaking around 
days four and five. Clinically the first phase is 
associated with erythema, edema, warmth and 
tenderness of the wound. 

Proliferative or granulation phase (6-14 days)
The next phase in wound healing works to repair 
the epithelium, synthesize collagen, and promote 
the development of new blood vessels.  Reepi-
thelialization occurs through the migration of 
the epithelial cells near the wound edges along 
the fibrin scaffold to again cover the wound 
bed.105 Epithelial cells play an important role in 
this phase, and fibroblasts, crucial to the synthe-
sis of elastin, proteoglycans, and collagen, start 
to become active during this period in wound 
healing. Initially, fibroblasts produce collagen 
type III, abundant in an early wound, which is 
later converted to type I collagen. Fibroblasts 
also change into myofibroblasts, which are criti-
cal in the contraction of wounds, seen around 
days 7 to 14.
 Finally, the wound produces several angio-
genic growth factors, such as vascular endothe-
lial growth factor, which help to promote angio-
genesis. It is this new blood vessel formation 
that is necessary to support the generation of the 
granulation tissue that exists in the wound bed.

Remodeling or maturation phase
(15 days-1 year)
This is the longest phase and can last for up to a 
year. It is for this reason that many surgeons wait 
one year before attempting any surgical wound 
or scar revision procedure. In this phase the tran-
sition from the provisional fibrin and fibronectin 
matrix to the final matrix and collagenous scar 
occurs.106 Neovascularization stops, and the 
erythema that was originally seen in the wound 
from the vasculature turns a whitish color as the 
vessels regress. If one or more of these phases 
are impaired, delayed healing becomes appar-
ent, resulting in more scar tissue. Clinically, 
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hypertrophic scars and keloids represent unbal-
anced collagen synthesis and remodeling.107

hEAling by SECondAry intEntion
The simplest way of repairing skin defects is 
secondary intention healing which shows all the 
phases of wound healing. It is an under-used re-
constructive modality, as the wound requires a 
lengthy healing period. A moist healing envi-
ronment accelerates re-epithelization, optimizes 
cosmesis and minimizes desiccation, necrosis 
and pain.103,108 Patients themselves have to be in-
volved in the post–operative treatment by apply-
ing antibiotic ointment on the wound and daily 
cleaning with tap water. It usually takes several 
weeks for the skin defect to heal. If properly 
used, secondary intention healing gives better 
cosmetic results than other reconstructive mo-
dalities.

PrimAry CloSUrE
This is often the quickest and simplest approach 
resulting in minimal incisions and scarring. Un-
dermining of the skin edges helps to advance 
skin in the middle and allows dog-ears to set-
tle at both ends. The benefit of undermining is 
achieved within the first 1 to 2 cm. Undermining 
beyond this distance causes injury to surround-
ing structures and may compromize blood flow. 
Primary closure of the face is ideally performed 
parallel to the relaxed skin lines or in the borders 
of the aesthetic (sub) units. 

Skin grAftS
Skin grafts can be categorized in full thickness 
and split-thickness skin grafts. Most grafts used 
for facial reconstruction are full thickness.  Split-
thickness grafts (consisting of epidermis with lit-

tle or no dermis) have poor cosmesis and are used 
to resurface large areas only. The full-thickness 
skin graft (FTSG) consists of epidermis and full-
thickness dermis. Given the technical simplicity 
and the general applicability of full thickness 
skin grafts, they can be used for a wide range 
of defects, provided there is adequate vascular-
ity of the recipient site. For optimal cosmesis the 
defect location, and depth as well as graft donor 
site choice and delicate tissue handling are es-
sential. Possible disadvantages of skin grafts are 
graft failure, graft contraction, poor color match, 
depressed contour, and donor-site morbidity.109

ComPoSitE grAftS  
Composite grafts by definition carry more then 
one structure in one graft. A most common ex-
ample consists of skin and cartilage and is main-
ly used in small full-thickness defects (measur-
ing less than 10 mm) of the nose. The helix of the 
auricle has a number of ideal donor areas for the 
reconstruction of the alar rim. The main disad-
vantage is the risk of graft failure, due to the need 
of vascular supply, which becomes critical if the 
grafts contain multiple layers of tissue.

CUtAnEoUS flAPS 
A skin flap is an area of skin and subcutane-
ous tissue with a direct vascular supply that is 
transferred from its in-situ position to another 
site. The challenge in facial reconstruction is to 
design a flap that places the secondary defect in 
a region with minor functional or cosmetic im-
portance if possible. Furthermore the donor area 
must have some skin laxity such as found in the 
cheek, glabella and neck region. 
 Many different classifications exist depend-
ing on the type of vascular supply, method of tis-
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sue transfer, configuration of flap or donor sites. 
In our opinion a classification system based on 
the method of tissue transfer is the most logical. 
This classification divides local flaps into sliding 
(e.g. advancement or rotation) and lifting (e.g. 
transposition, interpolation).102 For clarity, the 
most predominant type of movement dictates the 
term given to describe the flap. Clinical exam-
ples are the cervical cheek rotation flap used for 
a large cheek defect, which is a sliding flap, and a 
bilobed flap for the nose, which is a transposition 
flap or lifting flap.

AimS And oUtlinE of thiS thESiS
As described in the introduction of this thesis 
many treatment modalities have been suggested 
for NMSC with a wide spectrum of indications. 
Nevertheless, surgery nowadays still remains the 
mainstay of treatment for NMSC of the head and 
neck.59-61,110 Surgery mainly distinguishes itself 
from all other treatments by the possibility of 
histopathological control of excision margins.
Clearly the primary aim of surgery is to achieve 
clear resection margins, followed by appropriate 
reconstruction to obtain satisfactory cosmetic 
and functional outcomes after careful consider-
ation of the individual skin biomechanics.  
 In this respect the head and neck region is 
demanding, as aesthetic and functional outcome 
are readily visible, often marred by functional 
impediments. The burden is on the surgeon to 
achieve optimal balance between tissue sacri-
fice and preservation of function and cosmesis.  
The increasing number of patients with NMSC, 
reaching epidemic magnitude in Western coun-
tries, plus the limited availability of healthcare 
facilities calls for a pragmatic surgical approach 
with minimal burden to the patient.

 The simplest of “surgical closures’’ is sec-
ondary intention healing. However, most data 
on secondary intention healing are empirical and 
descriptive. In order to confirm the clinical val-
ue of secondary intention healing for skin cancer 
defects in the head and neck, wound-healing re-
sults need to be statistically analyzed. 
 Skin grafting has been a mainstay of closure 
of surgical wounds. Composite Skin perichon-
drial grafting is a variation on this theme. Given 
the sparse literature and lack of aesthetic com-
parison, the potential of this specific graft merits 
further evaluation.
 Composite skin fat grafts with an extra tissue 
bulk to the skin defect have rarely been propa-
gated. Investigating the value of these grafts as 
an alternative to local skin flaps may create an 
extra reconstruction modality. 
 By far the most common method to resurface 
middle to large (>1.5 cm) or complex nasal de-
fects is the forehead flap. The paramedian de-
sign is mostly used but the need for increased ef-
fective length of the flap, without transposition 
of hairs, and the need for a favorable midline do-
nor scar resulted in the use of the hybrid midline 
design. To prove the clinical value of this alter-
native design, vascular predictability, functional 
and cosmetic outcome should be evaluated.

oUtlinE of thE thESiS
Chapter 1 is a general introduction to skin can-
cer treatment and facial reconstruction.
 In Chapter 2 we compare the complex Mohs’ 
micrographic surgery (MMS) with conventional 
excision followed by delayed reconstruction in 
a series of 1504 patients. MMS has developed 
into an adequate treatment option for NMSC in 
the head and neck achieving the highest cure 
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rates.  However, this type of surgery remains 
time-consuming and requires a logistically com-
plex set-up allowing for immediate peropera-
tive histological processing of the excised skin 
lesions, followed by immediate reconstruction. 
After conventional excision (CE), reconstruc-
tion is delayed as a result of conventional histo-
logical processing of tissue specimens (formalin 
fixation and H&E staining). Repeat excisions 
might be required until negative margins are 
reached followed by a delayed defect recon-
struction. Usually CE leads to larger excision 
defects compared with defects after MMS. To 
compare both techniques, we will evaluate the 
oncological outcome and clinical findings.
 In chapter 3 we analyze the value of sec-
ondary intention healing as an alternative for 
reconstruction by tissue transfer. Although still 
one of the simplest surgical options, it is often 
underestimated as an additional tool for skin de-
fect closure. To investigate whether the cosmetic 
outcome can indeed be predicted by different 
wound characteristics and locations, a statistical 
evaluation of independent judgments of three 
investigators in a series of 89 patients undergo-
ing secondary intention healing for NMSCs has 
been undertaken. 
 Chapters 4 to 9 focus on nasal reconstruc-
tion. Due to its cosmetic and functional vulner-
ability, this site   calls for tailored medicine in 
NMSC surgery. New or modified surgical tech-
niques are used for defect closure and nasal 
shape reconstitution. Chapter 4 focuses on the 
comparison between full-thickness skin grafts 
and perichondrial cutaneous grafts for defects 
located mainly on the nose. The results of com-
posite skin-fat grafts for nasal reconstruction are 
described in chapter 5. 

 In chapter 6 free cartilage grafts and second-
ary intention healing of small nasal alar defects 
are analyzed. In chapter 7 the use of subcutane-
ous hinge flaps and secondary intention healing 
for defects containing a nasal portion and adja-
cent facial subunits are addressed. 
 Defect closures of large and deep skin de-
fects of the nose by the use of subcutaneous soft 
tissue flaps and skin grafting are shown in chap-
ter 8. Chapter 9 analyzes the clinical aspects 
of various forehead flap designs, including the 
hybrid midline design, for the reconstruction of 
large and/or complex nasal defects. This thesis 
ends with a general summary and concluding 
remarks in chapter 10.
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AbStrACt
objectives/ hypothesis
To determine and compare the efficacy of Mohs 
micrographic surgery (MMS) and conventional 
excision (CE) -confirmed resection of non-mela-
noma skin cancers (NMSCs).

Study design: Retrospective cohort study

methods
A retrospective cohort study of NMSCs treated 
in a tertiary referral center by a single facial plas-
tic surgeon and a group of five histopathologists 
over an 18-year period. The treatment modality 
was either MMS or CE. The primary outcome 
measure was recurrence of disease. The second-
ary outcome measure was the size of resulting 
surgical excision defect.

results
Between 1990 and 2008, 795 patients were 
treated with MMS and 709 with CE. The median 
follow-up period for MMS was 24 months and 
for CE 16 months. Disease recurred in 6/795 and 
7/709 of patients, respectively (P=0.78). Analy-
sis of the resection defects with general linear 
models adjusted for localization and primary or 
recurrent disease showed significantly smaller 
defects after MMS. (p= 0.008)

Conclusions
This study demonstrates that: 1) MMS and CE 
are safe in terms of recurrence rates in non-mel-
anoma skin cancers; 2) MMS can be performed 
adequately by an experienced facial plastic sur-
geon in close collaboration with a group of pa-
thologists; and 3) the advantage of MMS is that 
resection defects can be minimized in important 
aesthetic and functional areas, such the nose and 
eyelid, possibly facilitating reconstruction.
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introdUCtion
Skin cancer is the most common malignancy in 
the Caucasian population with basal cell carci-
noma (BCC) representing 75% and squamous 
cell carcinoma (SCC) 20%.1-3 The remaining 
5%, which includes melanomas, is beyond the 
scope of this article. Over the last decade a sig-
nificant rise in incidence of non-melanoma skin 
cancer (NMSC) has been noted3-5 with a pre-
dicted further increase of 80% in the Netherlands 
by 2015 making an overall incidence of up to 
233/100.000.6 Therefore skin cancer is an impor-
tant public health problem in white people.
 The most significant etiological factors ap-
pear to be genetic predisposition and exposure 
to ultraviolet radiation7, with childhood expo-
sure being of particular importance.8 Other risk 
factors include increasing age, the male sex, 
Fitzpatrick skin types I and II, immunosuppre-
sion and arsenic exposure.9 Multiple BCCs may 
be a feature of basal cell naevus (Gorlin’s) syn-
drome.10 The sun-exposed areas of the head and 
neck are the most commonly involved sites.11,12

 The likelihood of curing an individual skin 
cancer strongly correlates with a number of 
prognostic factors - tumor size (increasing size 
confers higher risk of recurrence); tumor site (le-
sions on the central face, especially around the 
eyes, nose, lips and ears, are at a higher risk of 
recurrence (H-zone); definition of clinical mar-
gins (poorly defined lesions are at higher risk of 
recurrence); histological subtype (SCC and ag-
gressive subtypes of BCC confer higher risk of 
recurrence); histological features of aggression 
(perineural and/or perivascular involvement con-
fers higher risk of recurrence); failure of previ-
ous treatment (recurrent lesions are at a higher 
risk of further recurrence); immunosuppression 

(possibly confers increased risk of recurrence)- 
which together determine the presence of a low 
or high-risk lesion.13-16 A number of national der-
matological associations have provided well- es-
tablished treatment guidelines for NMSCs.17-19

 A recent Cochrane review concluded that 
based on the available published work, surgery 
is the treatment of choice for BCCs.20 Radio-
therapy still plays an important role in patients in 
whom surgical treatment may not be appropriate 
because of comorbidities or tumor size;15 as ad-
juvant postsurgical treatment of high-risk tumors 
with perineural invasion; and in the control of 
metastatic disease.21  
 Findings of non-comparative and retrospec-
tive studies of MMS show recurrences of 1-3 
% for primary BCCs and 5-7% for recurrent 
BCCs.22-24 When compared with recurrence rates 
after CE (3.2% - 10% in primary BCCs and > 
17% in recurrent BCCs), MMS seems to be the 
better option.23-26 Unfortunately in these studies 
there is a great lack in uniformity in the methods 
of reporting.22 
 Classically, MMS allows for reconstruction 
on the same day and in most clinical settings is 
performed by a specially trained Mohs surgeon 
or dermatologist together with a facial plastic 
surgeon. MMS enables maximal preservation of 
non-involved skin,27 but can be time consuming.
 This paper presents the results and clinical 
findings of 795 NMSCs treated by mohs micro-
graphic surgery (MMS) and 709 NMSCs treated 
by conventional excision (CE), with awaited his-
tological examination. All tumors were treated 
by a single facial plastic surgeon and a group of 
pathologists.
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mAtEriAl And mEthodS 
Patients 
Our material encompasses a retrospective cohort 
study of all patients treated for NMSC during a 
period of 18 years (1990- 2008) in one tertiary 
referral center.  All skin tumors were histologi-
cally diagnosed prior to surgery and treated by 
one surgeon (H.D.V.). The indications for MMS 
were based on the guidelines for MMS by the 
American Academy of Dermatology: tumor size 
(especially > 2 cm), histological subtype (espe-
cially infiltrative, micronodular, and basosqua-
mous subtypes), poor clinical definition of tumor 
margins, recurrent lesions, perineural or perivas-
cular involvement.18 
 In view of these guidelines, our main indi-
cations for MMS were recurrent tumors and tu-
mors at cosmetically important sites.  However, 
because of the large number of patients referred 
to our center specifically for MMS and the lim-
ited pathological facilities, it was impossible to 
treat all high-risk lesions with MMS. Because 
the cheek and forehead enable larger tumor mar-
gins without impeding the cosmetic outcome, 
tumors in these aesthetic sub-units were gener-
ally treated with standard CE. 
 To measure the defect sizes after tumor re-
moval, pictures of a ruler next to the defect were 
taken from the most recent 330 skin tumors. 
The defect surface area was then calculated us-
ing computational imaging software (‘Image J’; 
www.rsbweb.nih.gov/ij/). 
 Patient consultations and reports from the 
referring dermatologist were used to update our 
files in terms of follow-up. A recurrence was de-
fined as a pathologically proven BCC or SCC 
within 5 mm range of the scar of the former re-
construction. 

Surgical Procedure 
The surgical procedure was standardised as 
follows. First, the visible tumor margins were 
outlined with ink before injecting local anaes-
thesia. The surgical margins depended on differ-
ent variables, such as tumor type, size of tumor, 
previous treatments and aesthetic importance of 
the area.  For MMS in most cases margins of 2 
to 3 mm of macroscopically normal tissue were 
used. For CE margins were between 3 and 5 
mm. In MMS and CE, incomplete excision was 
followed by a re-excision until complete tumor 
control was accomplished. 

Conventional excision (CE)
The CE technique involved skin tumor excision 
at an angle of 90° into the subcutaneous fat.  The 
specimen was marked at twelve o’clock with a 
suture. If the diameter of the excised material 
was < 25 mm, standard random histological ex-
amination of deep and lateral margins was done 
on vertical sections of the obtained specimen, 
so called ‘bread loaf’ sectioning (figure 1). 
For larger diameters, a combination of periph-
eral and vertical sectioning was applied (figure 
2). In both techniques, the tissue samples were 
2 mm thick and paraffin blocks were sectioned 
at three levels producing H&E slides of 2 μm. 

Figure 1. 
Standard random histological examination 

of deep and lateral margins in a small tumor 
is done on vertical sections of the obtained 

specimen, so called “bread loaf “sectioning.
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The period between excision and reconstruction 
ranged from 3-5 days, necessitating a temporary 
dressing. Sutures were generally used to stretch 
the skin in anticipation of the final reconstruc-
tion (also possible in MMS but for a much 
shorter duration). Waiting for 3-5 days before 
reconstruction does not lead to more wound in-
fections.28

mohs micrographic surgery (mmS) 
 figure 3 shows the essential steps of MMS: 
bevelling the excision, dividing the specimen 
into sizes appropriate for frozen sectioning, 
transferring the specimen to a glass slide and 
assuring full contact of deep margins and skin 
edges, and cutting the specimen until a complete 
section is obtained. In our hospital, the patholo-
gists were always involved in the procedure to 
ensure adequate margins microscopically. The 
quality of slides was evaluated for the com-
pleteness of the sections, which should include 
all margins (figure 4). Suspicious sites or evi-
dence of tumor were evaluated together with the 
surgeon and marked on the reference map. One 
MMS cycle, excluding the excision itself, takes 
about 45 minutes.
 The patient would then be taken to the oper-
ating room and additional local anaesthetic was 
injected if necessary. If further excisions were 

Figure 3.
Schematic representation of Mohs 

micrographic surgery. Tumor is excised at 
an angle of 45 degrees, ensuring that after 

crushing it to a slide both skin edge and the 
base of the specimen are in 1 plane. A, Central 
superficial border of quarter part of specimen. 
B, One end superficial skin edge. C, Other end 
of superficial skin edge. A’, B’,C’ are the deep 

planes at the same location and are crushed to 
the same plane with A,B and C. Reprinted with 

permission from Vuyk and Lohuis.43  

Figure 2.
Standard histological examination of large skin 
tumors (>25mm). A combination of peripheral 
and vertical sectioning is applied.
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needed, the localization of any residual tumor or 
suspicious sites was facilitated with relative ac-
curacy using the reference map. The tissue was 
removed only where indicated with another 2-3 
mm margin while the rest of the defect was left 
intact. The process was repeated until a tumor-
free plane was obtained and adequate margins 
were established. The whole surgical procedure, 
including excision, orientation, investigation 
and communication, should result in a defect 
reflecting the tumor’s true extent with maximal 
preservation of normal tissue.32 

rESUltS
Between 1990 and 2008, 1556 NMSCs of the 
head and neck were referred to our center for 
treatment. Of these, 52 patients were exclud-
ed for the following reasons: 16 patients were 
treated by radiotherapy indicated by the poor 
physical condition of the patient or at the pa-
tient’s request, two patients presented with neck 
metastasis from the primary cutaneous SCC and 

another patient had parotid involvement. These 
three patients were referred to a head and neck 
center for treatment. Two other patients were re-
ferred to an academic Mohs surgery department 
because of orbital and possible deep neck in-
volvement.Thirty-one tumors with a follow-up 
of < 3 months were also excluded. During the 
study period 105 deaths were recorded but all 
were due to unrelated comorbidity.
 In total, 1329 patients with 1504 NMSCs 
were evaluated. Ninety patients had two skin 
tumors and 34 patients had three or more skin 
tumors. One patient presented with 13 skin tu-
mors. The clinical and surgical parameters of 
the 1504 skin tumors are listed in table 1. Of 
the 1504 skin tumors, 795 were controlled with 
MMS and 709 were controlled with CE. Sixty-
eight percent of the patients were older than 
60 years of age. Most tumors were on the nose 
(47%). In only two tumors, treated with MMS, 
the control paraffin sections showed to be posi-
tive at the tumor margins. During the second 
stage reconstruction these tumors were success-
fully excised completely.
 With a median follow-up in the MMS group 
of 24 months and in the CE group of 16 months 13 
recurrences (0.9%) out of the 1504 tumors were 
observed; 6/ 795 after MMS and 7/ 709 after CE 
(p = 0.78). table 2 shows the tumor parameters 
of the recurrences. Most of CE recurrences were 
aggressive BCCs or SCCs. Four recurrences ap-
peared after a follow-up period longer than five 
years. In each group one patient developed neck 
metastasis from the primary SCC. The number 
of tumors with a follow-up period between two 
and five years were the same in both groups (253 
for MMS, 222 for CE). However, the number 
of patients having a follow-up of more than five 

Figure 4.
A complete section is obtained, placed on a 
microscopic slide, and colored using toluidine 
blue.   * = Epithelial border
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Table 1. Tumor- and patient characteristics of non-melanoma skin cancer treated in 
current series.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Mohs micrographic surgery and conventional excision are included in the table 
 
NMSC= non-melanoma skin cancer; BCC= basal cell carcinoma; SCC= squamous cell carcinoma 
 
*   Nonaggressive = nodular and superficial BCCs 
** Aggressive = sclerosing, infiltrating, micronodular BCCs 
 

 

  No. % 
   4051 sCSMN latoT
    
Sex  197 elaM 52,6 
 Female 713 47,4 
    
Age Median (years) 73  
 ≤ 60 years 483 32,1 
 > 60 years 1021 67,9 
    
Follow-up Average (months) 31,8  
  < 2 years (tumors) 792  
 ≥ 2  < 5 years 473  
 ≥ 5 years 239  
    
Localization  107 esoN 46,6 
 Ear 231 15,4 
 Eye 130 8,6 
 Forehead/  8,31 702 elpmet
 Cheek 111 7,4 
 Lip/chin 108 7,2 
 Neck 16 1,1 
    
Tumortype  Nonaggressive BCC, * primary  628 41,8 
 Nonaggressive BCC, recurrent 114 7,6 
 Aggressive BCC, ** primary 383 25,5 
 Aggressive BCC, recurrent 173 11,5 
 SCC, primary 183 12,2 
 SCC,  5,1 32 tnerrucer
    
Histology Conventional  excision 709 47,1 
 Mohs micrographic surgery 795 52,9 
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years is much larger in the MMS group.
 The majority of tumors on the nose and 
biopsy-proven aggressive BCCs were treated 
with MMS (table 3). Tumors on the forehead, 
temple and cheek were generally treated with 
CE. Most skin tumors, 72% in MMS and 92% 
in CE, were controlled after one excision cycle. 
Twenty-two percent of the tumors in MMS re-
quired two excision cycles and 12 needed more 
than three excisions. 
 Analysis of the defect sizes (table 4) 
showed no significantly different defect sizes 
on most locations. The defects were more often 
smaller after MMS. (p = 0.038) Only in recur-
rent tumors on the nose, analysis of the resec-

tion defects with general linear models adjusted 
for localization and primary or recurrent disease 
showed significantly smaller defects after MMS 
(p= 0.008) (table 5).

diSCUSSion
This paper demonstrates a large series in which 
both MMS and CE are safe in terms of the recur-
rence rates (MMS 6/795 (0.74%) and CE 7/709 
(0.98%)). These results are similar to other large 
series in the literature.33-39 Three Australian se-
ries on MMS reported five-year recurrence 
rates for primary and recurrent tumors of 0% 
and 7.8% resp. in 819 patients with peri-ocular 
BCCs,35 1.4 and 4%  resp. in 3.370 BCCs treated 

Table 2. Tumor and patient characteristics of non-melanoma skin cancer recurring after 

Mohs micrographic surgery and Conventional excision. 
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Table 3. Comparison of tumor and patient characteristics between Mohs micrographic 
surgery and Conventional excision of non -melanoma skin cancer of current series. 
 

 
MMS = Mohs micrographic surgery; CE conventional excision; BCC = basal cell carcinoma; SCC squamous 
cell carcinoma   
*Nonaggressive =  nodular and superficial BCCs 
**Aggressive = sclerosing, infiltrating, micro-nodular BCCs 

  MMS CE 
  n % n % 
Skin tumors   907  597 
      
Sex  173 elaM 47 421 59 
 Female 424 53 288 41 
      
Age Median (years) 58,5  73  
 ≤ 60 years 297 37 186 26 
 > 60 years 498 63 523 74 
      
Localization  184 esoN 60 220 31 
  79 raE 12 134 19 
 Eye 76 10 53 7 
 Forehead/ temple 46 6 158 22 
 Cheek 29 4 86 13 
 Lip/chin 59 7 48 7 
 Neck 7 1 9 1 
      
Tumor type Nonaggressive BCC *, primary  302 38 327 46 
 Nonaggressive BCC, recurrent 68 9 43 6 
      
 Aggressive BCC**, primary 247 31 136 19 
 Aggressive BCC, recurrent 102 13 74 10 
      
 SCC,  51 801 9 47 yramirp
 SCC,  3 12 0 2 tnerrucer
      
Follow-up Median (months) 24  16  
 Average (months) 37,7  27,4  
      
 < 2 years  (tumours) 386 49 406 57 
 ≥ 2  < 5 years (tumours) 253 31 222 31 
 ≥ 5 years (tumours) 156 20 81 12 
      
Recurrences  597/6 0,75 7/709 0,98 
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Table 4.  Comparison of resection defects (cm2) between Mohs micrographic surgery 
and Conventional excision of non-melanoma skin cancer.      

 
  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Statistical analysis was performed if there were more than 10 tumours per location. * p = 0.06,  ** p = 0.27,   
*** p = 0.05,  **** p = 0.038 
 
Loc. = Localization; Min = minimum; Max maximum; CE = Conventional excision; Prim. =  Primary;  
Recur. =  Recurrent disease; MMS= Mohs micrographic surgery   

 

 

 

 

 

 

MMS 
 Loc.  N Median Min Max

Ear * 11 1.6 0.8 4.9 

Eye ** 17 1.5 0.8 5.6 

Lip  9 1.8 0.8 10.0

Forehead  5 4.5 0.8 12.3

Cheek  2 3.2 3.2 3.2 

Prim. 

Nose *** 73 1.7 0.3 12.6

Ear  1 3.5 3.5 3.5 

Eye  1 0.9 0.9 0.9 

Lip  1 6.1 6.1 6.1 

Forehead  3 4.6 4.3 14.6

Cheek  3 2.3 2.0 3.4 

Recur.  

Nose ****  28 2.4 0.6 8.6 

CE 
 Loc.  N Median Min Max 

Ear * 24 2.5 0.7 22.5 

Eye** 14 1.2 0.4 13.1 

Lip  6 2.4 0.7 4.2 

Forehead  31 3.3 0.8 81.9 

Cheek  12 3.6 0.7 11.7 

Prim.  

Nose *** 38 2.2 0.5 28.7 

Ear  14 4.9 1.8 26.9 

Eye  1 3.9 3.9 3.9 

Lip  1 1.6 1.6 1.6 

Forehead  13 14.0 2.1 39.4 

Cheek  6 3.8 2.2 11.5 

Recur. 

Nose **** 13 5.6 0.8 18.0 

Table 5. Analysis of the resection defects between Mohs micrographic surgery and 
conventional excision with general linear models adjusted for multiple comparisons: 
(Tukey-Kramer).  
 
 
Method 

 
Surface cm 2, LS mean 

 
H0: LS mean1 = LSmean 2 

 
CE 

 
   6.33349939 

 
P= 0.0008 

 
MMS 

 
3.37586548 

 

   
LS Mean = least squares mean; H = hypothesis; CE = Conventional excision; MMS =  Mohs micrographic surgery 
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on the head and neck37 and 2,6% and 5,9%  re-
spectively in  381 SCCs on the whole body.36

 In CE, the recurrence rate for primary BCC 
with post-surgical histologically complete exci-
sion (incomplete excisions were excluded) and 
five-year follow-up, is less the two percent.34,39 
Two prospective randomized trials that com-
pared conventional surgery versus photodynam-
ic therapy or radiotherapy showed long term re-
currence of 4% (two of 52 tumors) in (low-risk) 
nodular BCC and 0.6% (one of 174) respective-
ly, in facial BCC after surgical excision.33, 40  
 The only study to date which compared cure 
rates of CE and MMS in a randomized con-
trolled fashion showed no significant difference 
in recurrence of primary BCCs between treat-
ment groups (2,5% in MMS versus 4.1% in 
CE).38 However, significantly fewer recurrences 
for facial recurrent BCC after MMS (2.4%) ver-
sus CE (12.1%) after five years follow-up were 
observed.  Eighteen percent (35/199) of the pri-
mary BCCs and 30% (31/102) of the recurrent 
BCCs were incompletely excised after the first 
surgical excision with CE and were, in most 
cases, retreated with CE. However, 20 patients  
(who were randomized to CE) were actually 
treated by MMS, compromising the interpre-
tation of the results.41 Also in this study most 
patients treated with CE, the facial defect was 
reconstructed immediately and histological ex-
amination was not delayed.
 In our center, the wounds are only repaired 
when tumor-free margins are secured. This 
might explain the low recurrence rates of CE in 
our series in contrast to other series. The ‘wait-
and-see’ policy with positive margins is obso-
lete. A reconstruction with later recurrent dis-
ease may lead to disastrous problems. When the 

surgical margin is pathologically involved, even 
primary BCCs show recurrence rates of 38%.34 
When treating recurrent lesions, the whole pre-
viously treated area and scarred areas from the 
reconstruction are excised and controlled. It has 
been shown and confirmed by our experience 
that in recurrences there is a great risk of mul-
tiple unconnected tumor foci.42

 This study includes all patients from the start 
of MMS implementation locally in 1990, and all 
patients were treated by a single facial plastic 
surgeon in close collaboration with a group of 
pathologists. This in contrast with most stud-
ies in which MMS is performed by a specially 
trained Mohs surgeon/ dermatologist. In the 
surgical procedure (excision, orientation and in-
vestigation), the communication between facial 
plastic surgeon and pathologist is essential to get 
good results. It was found that the technical in-
tricacies of examining skin sections incised at a 
450 -skewed angle did not prove to be a hurdle 
for the pathologists as demonstrated with there 
being no discernible difference in recurrence 
rates chronologically through the study.  
 Tumors on the nose, aggressive BCCs, recur-
rent tumors, women and younger patients were 
more often treated with MMS and thus in those 
categories we largely followed the guidelines 
of the American Academy of Dermatologists.  
However, in contrast to these guidelines, large 
(> 2 cm) tumors specifically on cheek and fore-
head were often treated in this series with CE to 
alleviate the burden of high numbers of cryostat 
slides to be processed in the pathology labora-
tory. The guidelines dictated that a randomized 
controlled trial would be inappropriate due to 
the potential for poorer aesthetic outcomes with 
wider margins in the H-zone region. This treat-
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ment policy makes comparison of defect sizes 
between MMS and CE in a nonrandomized 
study difficult, especially because MMS and CE 
were not expected to have similar resection de-
fects and CE was associated with larger tumors. 
However, statistical analysis with general linear 
models adjusted for localization and primary or 
recurrent disease, showed smaller defects after 
MMS (p = 0.008).
 MMS and CE show good oncological results, 
however, MMS has significant advantages. It 
can minimize the resection defect in the H-zone 
(midface) which is aesthetically and function-
ally important, especially the nose and eyelids. 
Furthermore, MMS in most cases allows for 
one-day tumor treatment and reconstruction and 
minimizes patient discomfort. Ninety-four per-
cent of the tumors were excised in one or two 
cycles with MMS so the burden to the labora-
tory is not too great. 

ConClUSion
MMS and CE are safe in terms of recurrence 
rates in NMSC and can be performed adequately 
by a facial plastic surgeon in close collaboration 
with a group of pathologists. The advantage of 
MMS is that the resection defects can be mini-
mized in important aesthetic and functional ar-
eas, such as nose and eyelid, which may pos-
sibly facilitate reconstruction. MMS enables 
single-stage excision and reconstruction in the 
current setting.
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AbStrACt
background
Most data on secondary intention healing of 
skin cancer defects in the head and neck are em-
pirical and descriptive. This study statistically 
evaluates the prognostic value of several wound 
characteristics and location on the final cosmetic 
result of skin defects left to heal by secondary 
intention after tumor removal.

methods
A chart review of all facial reconstructions us-
ing secondary intention healing performed in 
one center between 1992 and 2001 was under-
taken. Patient and wound characteristics were 
analyzed. For analysis of cosmetic outcome the 
most recent photographs of the scars were as-
sessed by three independent raters using a cat-
egorical judgment scale. 

results
There were 89 patients with 95 wounds.  Forty-
three percent (41/95) of the wounds healed with 
‘excellent’ outcome. In the univariate analysis, 
the rating “excellent” was given more often to 
scars derived from wounds that were small and 
superficial and were located in concave areas of 
the face, in particular, near the medial canthus 
and medial cheek. Multivariable logistic regres-
sion revealed independent associations of an ex-
cellent cosmetic outcome with wound size and 
contour of wound surface only. 

Conclusions
This is the first study presenting statistical evi-
dence of what has been known empirically for a 
long time: wounds in concave areas of the face 
that are left to heal by secondary intention have 
a high chance of healing with an excellent cos-
metic outcome, especially if these wounds are 
small, superficial and located near the medial 
canthus and medial cheek
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introdUCtion
Surgical removal of cutaneous neoplasms from 
the head and neck presents a variety of cutane-
ous defects requiring reconstruction. The ideal 
method of reconstruction aims to close the de-
fect with good cosmesis and as little secondary 
morbidity as possible. A variety of options is 
available for the surgeon: primary closure, heal-
ing by secondary intention, skin grafts, as well 
as local, regional or sometimes free flaps. Each 
of these options has its own advantages and dis-
advantages and treatment choice often depends 
on the preference and experience of the surgeon. 
 Secondary intention healing is an often un-
derestimated and underused reconstructive mo-
dality. However, the versatility of spontaneous 
healing becomes apparent when it is employed 
to heal previously repaired wounds complicated 
by infection, dehiscence flap necrosis, or graft 
loss. In the early days of tumor removal by the 
Mohs’ fixed-tissue technique, by necessity al-
most all surgical wounds were allowed to heal 
by secondary intention. From this experience a 
tremendous amount of information about sec-
ondary intention healing has been obtained, but 
never on a statistical basis.1 
 With his research Zitelli confirmed that in 
secondary intention healing, a moist environ-
ment accelerates re-epithelization and that 
therefore adequate post-operative treatment of 
the wound with antibacterial ointment will opti-
mize cosmesis and minimize desiccation, necro-
sis and pain.2-5 Many other publications describe 
preoperative wound characteristics (e.g. wound 
location) to be of importance to predict aesthetic 
outcome in secondary intention healing.1,2,6-9  In 
general, wounds on concave surfaces tended to 
heal with almost imperceptible scars, where-

as those on convexities healed more variably. 
Based on his clinical experience, Zitelli was also 
one of the first surgeons to state that wounds lo-
cated on the concave surfaces of the nose, eye, 
ear, and temple (NEET areas), which are left 
to heal with second intention, offer functional 
and cosmetic outcomes equal or superior to that 
achieved by grafts and flap transpositions.2,10,11  
 Although the literature contains many publi-
cations that confirm this statement, these studies 
are all descriptive and based on individual clini-
cal experience.  Statistical analysis is lacking. 
The aim of this study was to statistically evalu-
ate specific wound characteristics that could be 
of prognostic value on the final aesthetic result 
in patients with skin cancer defects left to heal 
by secondary intention.

mEthodS
Patients
A chart review of all facial reconstructions us-
ing secondary intention healing between 1992 
and 2001 (N=95) was undertaken. All recon-
structions were done in one center (Gooi Noord 
Hospital, Blaricum) and the facial defects were 
the result of tumor excision by means of Mohs 
surgery or conventional excision. 
 No other reconstruction method was used. 
All wounds were treated with a packing of anti-
bacterial ointment (Fucidin®) and a nonadher-
ent fluid-permeable contact layer directly ap-
plied to the wound (Unitule ®), followed by a 
non-adherent absorbent layer (Telfa®) to take 
up wound exudates. After a final check at the 
outward clinic, patients had to clean the wound 
themselves on a daily basis. After rinsing with 
tap water, ointment and a non-adherent dressing 
were applied until the wound was healed. 
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In order to get an objective judgment of which 
wound characteristics would be of prognostic 
value on final cosmetic outcome, a jury of three 
independent observers (P, W and S) judged the 
wounds by means of assessment forms. The five 
wound characteristics analyzed were (1) skin 
type by Fitzpatrick classification; (2) wound size 
(< 1cm, 1-2 cm, 3-4 cm or > 4 cm); (3) wound 
depth (superficial wounds were largely limited 
to the dermis including only a small part of the 
fatty subcutaneous tissue and deep skin wounds 
encompassed the dermal layer including all or 
almost all of the subcutaneous fat, often extend-
ing to deeper tissue layers such as muscle and 
cartilage); (4) surface contour of wound location 
(concave, convex or flat); and (5) location (aes-
thetic units or subunits). 
  To study cosmetic outcome, recent pho-
tographs of the scars taken 3-70 months after 
reconstruction were assessed by the three ob-
servers, (P, W and S) using four possible scores: 
poor, average, good and excellent. Poor was 

defined as a clearly depressed or elevated scar 
with severe mismatch in color to the surround-
ing skin; average was defined as depressed or 
elevated scar with good color match; or a clear 
color mismatch but with good edge contour; 
good was defined as a little mismatch in edge 
contour with good color match or only minor 
hypopigmentation to surrounding skin; and ex-
cellent was defined as a scar with no mismatch 
in edge contour and a good color match or only 
minor hypopigmentation to surrounding skin.  
figures 1 and 2 show examples of a poor and 
excellent outcome, respectively. 

Statistical analysis
Primary outcome was the final conclusion 
on overall appearance of the wound. Six pa-
tients had double wounds and for analysis, two 
wounds on a single patient were assumed to be 
independent. Because the number of reconstruc-
tions per original category of outcome was too 
low to permit reliable statistical analyzes, it was 

Figure1 A-B
Example of a poor result of secondary intention 
healing on the lateral nasal dorsum.

Figure 2 A-B
Example of an excellent result of secondary 

intention healing in the medial canthal area.

1A 1B 2A 2B
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dichotomized to two categories: ‘poor-average-
good’ versus ‘excellent’. This dichotomization 
gave the highest inter-observer agreement (over-
all kappa12: 0.46). The three separate judgments 
were then combined using the majority vote. 
This method gave a higher association with 
wound size (Stuart’s τc

13: -0.379) than each sepa-
rate judgment (τc: -0.325 to -0.367) or the mean 
score (τc: -0.308). 

 Systematic differences in scores between 
observers (P, W and S) were evaluated using 
McNemar’s test. Agreement was measured us-
ing Cohens’ kappa.14 Associations between the 
dichotomized final conclusion (majority vote) 
and binary variables were evaluated using Stu-
arts tau-c13 and tested using the Cochran-Mantel-
Haenszel test15 or the Fisher-exact test.16 Asso-
ciations between the dichotomized final conclu-

Table 1. Patient and wound characteristics. 

Variable No. % 
Sex   
 Female 38 40% 
 Male 57 60% 
Age *   
 <60y 25 26% 
 61-70y 18 19% 
 71-80y 36 38% 
 >80y 16 17% 
Follow up **   
≤6m 37 39% 
7-12m 23 24% 
13-24m 17 18% 
>24m 18 19% 
Skin color (Fitzpatrick)   
 II 30 32% 
 III 58 61% 
 IV 7 7% 
Skin color   
 Light 12 13% 
 Fair 78 82% 
 Dark 5 5% 
Wound side   
 Left 44 46% 
 Medial 3 3% 
 Right 48 51% 
Wound site    
 Ear   
    Postauricular                 7 7% 
    Antehelix                      4 4% 
    Cavum conchae            1 1% 
    Retroauricular                       2 2% 
 Cheek   
    Infraorbital                  2 2% 
    Nasolabial                   7 7% 
    Preauricular                 4 4% 
 Eye   
    Angulus med.                 15 16% 
    Angulus lat.                     1 1% 
    Palp. sup.                        1 1% 
    Palp. inf.                          1 1% 
 Forehead/Scalp   
    Temple             13 14% 
    Lateral              3 3% 
    Paramedian      2 2% 
    Midline            2 2% 
    Scalp                1 1% 
 Nose   
    Tip  1 1% 
    Ala                              5 5% 
    Dorsum   2 2% 
    Lat. nasal wall  17 18% 
 Mouth/Lip/Chin   
    Lab. sup.           3 3% 
    Chin                  1 1% 
Wound Surface   
 Convex 31 33% 
 Flat 11 12% 
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 Concave 53 56% 
Wound size   
 ≤1cm 17 18% 
 1-2cm 44 46% 
 2-3cm 9 10% 
 3-4cm 15 16% 
>4cm 10 10% 
Wound depth   
 Superficial 70 74% 
 Deep 18 19% 
 Missing 7 7% 

 
* Age, 67.6  ± 13.6, years   
** Follow-up 15.8 ± 16.1 months 
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sion (majority vote) and nominal variables were 
evaluated using the Uncertainty Coefficient U17 
and tested using the exact chi-square test. Stu-
arts tau-c and the uncertainty coefficient were 
used to quantify and compare strengths of asso-
ciations; p-values only quantify the strength of 
evidence of the existence of associations how-
ever strong or weak. Associations between the 
dichotomized final conclusion (majority vote) 
and an interval variable were evaluated using lo-
gistic regression.18 Logistic regression was also 
used to examine multivariable relations with a 
binary outcome. Analyzes were performed us-
ing the SAS 8.2 statistical package.

rESUltS
Between 1992 and 2001, 89 patients had 95 fa-
cial wounds healed by secondary intention and 
were examined for wound healing 3-70 months 
(median 11 months) after surgery.  There were 

no documented wound infections. Patient and 
wound characteristics are given in table 1. 

inter-observer agreement on cosmetic out-
come; poor-good vs. excellent.
After dichotomization of the final conclusion 
(‘excellent’ versus ‘poor-average-good’), there 
is some evidence of a systematic difference be-
tween S and P (p=0.019) and between S and W 
(p=0.0093), but not for a difference between P 
and W (p=0.85). Cohen’s kappa’s are 0.45 (P 
and S), 0.44 (P and W) and 0.48 (S and W), re-
sulting in an overall kappa of 0.46, indicating a 
fair agreement. 

Association between wound characteristics 
and wound size.
table 2 presents the association between the 
final conclusion (major vote) of cosmetic out-
come and wound size. As could be expected, it 

Table 2.Association between cosmetic outcome and wound size. *  

 ytirojaM vote   

 Number of patients   

 
 

Poor-Good Excellent Average Score 
(Mean± SD) 

Wound size    
≤1cm 8 9 2.55 ± 0.49 
1-2cm 18 26 2.31 ± 0.74 
2-3cm 6 3 1.96 ± 0.65 
3-4cm 12 3 1.93 ± 0.62 
>4cm 10 0 1.87 ± 0.39 
Stuarts τc ± SE -0.379 ± 0.098 -0.308 ± 0.063 
p 0.0002 0.0011 

  
* Cosmetic outcome was combined over observers P, W and S by either the majority vote or 
the average of the original score (poor = 1, average = 2, good = 3, excellent = 4). 
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is obvious from table 2 that the majority vote on 
the final conclusion tends to be less often “ex-
cellent” with increasing wound size.

Association between majority vote on final 
conclusion and patient characteristics.
table 3 and figure 3 present the results of the 
univariate analyzes. Forty-three percent (41/95) 
of the wounds healed with an excellent outcome 
by major vote of the three judgments. The final 
conclusion “excellent” tends to be given more 
often for wounds near the medial cheek or eye 
and the more concave wounds. There is some 
suggestion that the final conclusion “excellent” 
tends to be given more often with longer follow-
up and for superficial wounds. No other associa-
tions with final conclusions are found.
 In a multivariable logistic regression of the 
association between final conclusion and wound 
size, wound site, type of wound surface, length 
of follow-up and wound depth, the only remain-
ing associations found are those with wound size 
(odds ratio 0.52/cm; 95 percent confidence inter-
val, 0.33 to 0.83/cm; p=0.0066) and contour of 
wound surface (flat vs. concave: odds ratio 0.58; 
95 percent confidence interval, 013 to 2.48; con-
vex vs. concave: odds ratio 0.115; 95 percent 
confidence interval, 0.033 to 0.39; p=0.0026),  
whereas evidence for an association with wound 
depth (p=0.71), wound site (p=0.49) and length 
of follow-up (p=0.56) disappears. 

diSCUSSion
This present study was undertaken to statisti-
cally analyze which wound characteristics have 
a prognostic value for an excellent cosmetic out-
come after secondary intention healing. Small 
wounds and concave wound surfaces of the face 

are major statistically proven wound character-
istics that have independent prognostic value for 
an (almost) imperceptible scar. The prognostic 
values of wound location, wound depth and 
follow-up were found in the univariate analysis 
but lose their statistical evidence in the multi-
variable logistic regression. Thus, these latter 
univariate associations may have been caused 
by confounding due to wound size and type of 
wound surface. However, limited power of the 
study due to the still relatively low number of 
reconstructions may also have played a role. 
 The cosmetic results were objectively judged 
by three independent raters using a categorical 
judgment scale and photographs. As far as we 
know, literature shows only one other study with 
photographic judgment but no further statistical 
analyzes.19 Moreover, in our study the surgeon 
was not part of the panel judging the cosmetic 

Figure 3
Locations of wounds that were used in this 

study. After secondary intention healing the 
blue dots depict the ‘poor-average-good’ re-

sults whereas the pink dots depict the
‘excellent’ results (41/95). 
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Table 3. Associations between final conclusion of cosmetic outcome and patient 

characteristics. 
 

  
Final Conclusion 

(Majority vote) 

  

  Poor-Good Excellent   
Variable Category N   N (%) Stuarts τc Unc. 

Coef (SE) 
p 

      
Sex Female 22 16 (42%) 0.017  1.00 
 Male 32 25 (44%) (0.102)  
      
Age <60y 14 11 (44%) -0.104  0.38 
 61-70y  11  7 (39%) (0.110)  
 71-80y 15 21 (58%)   
 >80y 14  2 (12%)   
      
Follow up ≤6m 25 12 (32%) 0.229  0.045 
 7-12m 15  8 (35%) (0.110)  
 13-24m  5 12 (71%)   
 >24m 9 9 (50%)   
      
Skin color II  18  12 (40%) 0.094  0.30 
(Fitzpatrick) III 34 24 (41%) (0.102)  
 IV  2  5 (71%)   
      
Skin color Light  7  5 (42%) 0.038  0.62 
 Fair 45 33 (42%) (0.081)  
 Dark  2  3 (60%)   
      
Wound site Ear  8  6 (43%) 0.143  0.0055 
 Cheek  3 10 (77%) (0.056)  
 Eye  7 11 (61%)   
 Forehead/Scalp 17  4 (19%)   
 Nose 15  10 (40%)   
 Mouth/Lip/Chin  4  0 (0%)   
      
Wound Surface Convex 27  4 (13%) 0.462  <0.0001 
 Flat  7  4 (36%) (0.088)  
 Concave 20 33 (62%)   
      
Wound depth Superficial 36 34 (49%) -0.208  0.017 
 Deep 15  3 (17%) (0.076)  
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outcome, thereby avoiding a statistical bias. 
Secondary intention wounds heal by the pro-
cesses of contraction and reepithelialization. 
Once a wound has contracted to its fullest ex-
tent, the remainder of the wound will be replaced 
with scar tissue. This means that the greater the 
degree of contraction, the lesser the amount of 
scar tissue that is deposited.20-22 The extent of 
wound contraction depends on initial wound 
size and is positively correlated with the degree 
of surface concavity, adjacent skin laxity, and 
the action of underlying skeletal muscles, and 
therefore varies by location.23 Depending on the 
latter conditions, all small wound sizes can be 
diminished by 70% by the contraction process. 
In larger wounds, the resultant scar may become 
more irregular and probably more noticeable.22 
Lawrence et al. already suggested that a less fa-
vorable result is obtained in wounds < 25 mm 
in circumference.24 We also found in our study 
that smaller wounds (< 2 cm) in all locations of 
the face show predictably superior healing to 
larger wounds (table 3). Thus, larger wounds 
lack optimal contraction depositing more scar 
tissue and therefore leaving more visible scars, 
especially in contrast to very smooth skin with 
no contour and pigment irregularities. 
 Because the degree of surface concavity is 
positively correlated to the degree of contraction, 
more concave wounds will heal more favorably, 
even large wounds.  In the literature, specifically 
well-healing concave surfaces are those found in 
the medial canthus, nasoalar sulcus, nasofacial sul-
cus, alar crease, melolabial fold, temple area, and 
concha and triangular fossa of the ear.2,7,8,19,22,25,26 
Also in our study, these specific locations showed 
the best final results (figure 3), especially in the 
medial canthal region. (figure 2)

 The convex surfaces of the face (chin, malar 
region, nasal tip) might well be characterized as 
areas with thicker dermis. The collagen, reticu-
lin and elastic fibers in the dermis, determine the 
elasticity of the skin. A thicker dermis has more 
collagen and functional elastic fibers, which di-
minishes the laxity of the skin and thus the abil-
ity to contract. This might explain, in part, the 
failure of these areas to yield less then optimal 
results with secondary intention healing.
 For the characteristics wound depth and 
length of follow-up, we did not find an inde-
pendent effect on the cosmetic outcome in the 
multivariate analysis but a positive tendency in 
the univariate analysis. Zitelli and others2,6,11,26 
described excellent cosmetic outcomes of deep 
and superficial wounds in concave areas but 
concluded that superficial wounds healed with a 
better appearance than deep wounds in a similar 
area. These studies also stated that deep wounds 
in convex areas leave unsightly scars but that 

Figure 4 A-B
Example of outcome after secondary intention 

healing on a superficial wound on a concave 
area, excellent outcome.

4A 4B
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the results of superficial wounds in these areas 
are less predictable but could be satisfactory.2,6 
Also in our study, superficial /deep wounds on 
concave areas showed better cosmetic results 
(figure 4 and 5) than superficial/ deep wounds 
on convex areas. (figure 6 and 7)
 Many other studies describe that healing 
wounds continue to improve in appearance in 
the first year.2,6,26 This runs parallel with the 
remodeling phase and can take up to even 18 
months. During this period, the scar becomes 
stronger and shows a decrease in dimensions 
and erythema. It becomes pale in color, softer, 
and less protruding.
 For the other characteristics, i.e. age and skin 
color, we did not find any association with cos-

metic outcome in either the multivariable or the 
univariate analysis. This may be attributable to 
the limited number of reconstructions, since an 
association is to be expected. Most patient fea-
turing in our series were mainly light- or fair-
skinned patients (95%). Light or fair skin holds 
an advantage over darker skin because mature 
hypopigmentated scars are readily recognized 
on the latter.2,6,11,27 Seventy-four percent of our 
patients were older than 60 years of age, so the 
majority of the group had matured skin. Aged 
skin has increased laxity and the presence of 
contour and pigment irregularities that readily 
camouflage scars. Indeed, several authors sug-
gested before that the elderly person is the ideal 
candidate for secondary intention healing.7,10,24,25

Figure 5 A-B
Example of outcome after secondary intention 
healing on a deep wound on a concave area, 
excellent outcome.

5A

5B

Figure 6 A-B 
Example of a depressed scar after secondary 
intention healing on a superficial wound of a 

convex area, poor outcome

6A

6B



 

Complications of secondary intention healing 
such as infection, pain and bleeding were rare in 
our series and comparable with numbers found 
in the literature.2,6,24,25,28 These complications are 
largely prevented by good wound care; main-
tenance of a moist environment.3-5 However, in 
particular the excellent vascularity of the soft 
tissues of the face is largely responsible for the 
favorable woundhealing process in the head and 
neck.9 Also the highly vascular granulation tis-
sue itself is relatively resistant to infection.6,28

 Finally, proper selection of those cases that 
are good candidates for secondary intention 
healing prevents the surgeon from bad results. 
Convex surfaces lead to unsightly scars and al-
ternative reconstructive options should be se-
lected if wound contraction is expected to lead 
to possible tissue displacement or tissue distor-
tions. However, based on the statistical evidence 
of this study, secondary intention healing should 
be considered one of the primary repair options 

if wounds are small, superficial and located near 
the medial canthus and medial cheek. It is sim-
ple, cost-effective, and also has the advantage 
of optimal wound bed surveillance for tumor 
recurrence in patients with doubtful free tumor 
margins.

ConClUSionS
This study presents statistical evidence of what 
has been known empirically for a long time:  
wounds in concave areas of the face that are 
left to heal by secondary intention have a high 
chance of healing with an excellent cosmetic 
outcome, especially those concave wounds that 
are relatively small and superficial. 
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AbStrACt
objective/ hypothesis
To determine efficacy in terms of survival rate 
and cosmesis of “normal” full-thickness skin 
grafts (FTSGs) as compared to perichondrial 
cutaneous grafts (PCCGs) in facial reconstruc-
tion

Study design
A chart review of all facial reconstructions us-
ing FTSGs and PCCGs between 1995 and 2005 
was undertaken. The same surgeon treated all 
patients.

material and methods
A total of 121 skin grafts was included in this 
study (70 FTSGs and 51 PCCGs). All patients 
were examined on day five and day ten to as-
sess the viability of the graft. For aesthetic 
evaluation, 70 photographs were available with 
a minimum follow-up of six months (42 FTSGs 
/ 59% of total; 28 PCCGs / 54% of total). The 
photos were randomly shown to three raters, 
who had no previous knowledge about the graft 
being a FTSG or PGCG. 

results
The complete take rate of the FTSGs and of the 
PCCGs was respectively, 87% (nine failures) 
and 94% (three failures). This is no statistically 
significant difference (p = 0.1857). 
The cosmetic outcome of PCCGs received a 
better overall score from the three raters. How-
ever, the aesthetic rating between PCCG and 
FTSG was of no statistical significant differ-
ence (p = 0.06).

 Conclusions
Both FTSGs and PCCGS are viable options 
in facial reconstruction, with no statistical dif-
ference in survival and cosmesis. They are 
simple and one-stage procedures. The PCCG 
is a smooth graft, containing a few sebaceous 
glands, and possibly has less contraction. 
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introdUCtion
Surgical removal of cutaneous neoplasms of 
the head and neck, together with traumatic in-
juries, presents a variety of cutaneous defects, 
which require reconstruction. The ideal method 
of reconstruction aims at healing the defect with 
good cosmesis at little or no morbidity. Four 
categories of options are available: healing 
by secondary intention, primary closure, skin 
grafts, and local or regional flaps.1 Each recon-
struction has its advantages and disadvantages 
to be weighed for each particular defect.
 Skin grafts, if properly selected, can yield 
functional and aesthetically satisfying results 
with minimal risk of complication. 2 Skin grafts 
can be categorized in full-thickness, split-thick-
ness and composite grafts. Most grafts used for 
facial reconstruction are full-thickness. Split-
thickness grafts have poor cosmesis and are 
used to resurface large areas only. Composite 
grafts normally consist of skin and cartilage and 
are mainly used in small full-thickness defects 
(measuring less than 10 mm) of the nose.  
 The full-thickness skin graft (FTSG) consists 
of epidermis and full-thickness dermis. Healing 
is initiated by plasma imbibition, a diffusion of 
nutrition from fluid in the recipient site.3,4 The 
vascular inosculation occurs during the first 
24-8 h. After 48-72 h capillaries begin to grow 
into the graft to provide new circulation.5 By 
4-7 days, a new blood supply has been estab-
lished.6 Initially, the FTSG appears blanched; at 
3-7 days a pink color develops, signaling neo-
vascularization.  After 4-6 weeks, the pink color 
begins to fade.  
 Given the technical simplicity and the gen-
eral applicability of full-thickness skin grafts, 
they can be used almost anywhere, provided 

there is adequate vascularity of the recipient 
site. For optimal cosmesis the defect location, 
depth as well as graft donor site choice and 
delicate tissue handling are essential. Possible 
disadvantages of skin grafts are graft failure, 
graft contraction, poor color match, depressed 
contour, and donor-site morbidity.7-12 Total or 
partial failure rates of FTSGs as mentioned in 
the literature vary from 5 to 30%.13-16 
The perichondrial cutaneous graft (PCCG) is 
a variation on the theme of skin grafting.17 By 
definition, PCCG is a composite graft, consist-
ing of epidermis, full-thickness dermis and peri-
chondrium. The PCCG is most often harvested 
from the conchal bowl.18 The literature discuss-
es several benefits of the PCCGs compared to 
FTSGs. Two large clinical studies encompass-
ing 100 PCCGs19 and 406 PCCGs20 reported 
failure rates of  0% and  2%,  respectively. Both 
studies showed excellent cosmetic outcomes 
with no contraction.  In a comparative study us-
ing rabbits, PCCG also demonstrated a higher 
survival rate of 85% compared with skin grafts 
of 65%18.  In addition, the PCCG does seem to 
contract less with initial wound healing.18 It is 
suggested that the perichondrial plexus allows 
for quicker revascularization of the graft. In 
view of the positive benefits reported of PCCG, 
we performed a clinical study to determine sur-
vival rate and cosmesis of “normal” FTSGs 
compared with PCCGs. 

mAtEriAlS And mEthodS
A retrospective study of all facial reconstruc-
tions using FTSGs and PCCGs between 1995 
and 2005 was undertaken. All patients were 
treated by one of the authors (H.D.V.). Grafts, 
applied in combination with a cartilage implant 
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or part of an elaborated reconstruction, for in-
stance to provide lining to a forehead flap, were 
excluded. 

Evaluation methods
All patients were examined on day five and day 
ten to assess the viability of the graft. The graft 
viability was scored as success, partial failure 
or total failure.Graft failure presented, if the 
graft turned dark five days postoperatively. In 
case of failure, patients were seen on a regular 
basis until healing by secondary intention was 
completed. 
 To assess graft cosmesis, photographs of pa-
tients with a minimum follow-up of six months 
were randomly shown to three raters (derma-
tologist /Mohs surgeon, ENT surgeon and naive 
scorer). These raters had no previous knowl-
edge about the graft being a FTSG or PCCG. 
A photo series combined two to three close-ups 
from different angles and an overview from 1.2 
meter. 
 A standard evaluation protocol was used to 
assess cosmesis.21 The outcomes measured in 
this protocol included; erythema (1= none, 2= 
pink, 3= red); texture match to adjacent skin ( 
1= similar, 2 = not similar); color match to adja-
cent skin (1= similar, 2 = not similar); edge con-
tour (1= blending to surrounding skin, 2= ele-
vated or lower) ; teleangiectasia (percentage of 
graft surface area affected: 1= 0%, 2 = 1-25%, 
3 = 26-75%, 4 = 76-100% ); inappropriate hair 
(percentage of graft surface area affected: 1= 
0%, 2 = 1-25%, 3 = 26-75%, 4 = 76-100% ).
If possible, the size of the defect was measured 
retrospectively using ‘Image J program’ ( www.
rsbweb.nih.gov/ij/) with the use of an iris-de-
pendent calibration, which is possible because 

the diameter of the iris in adults has an constant  
size of 11,5 mm.22 These measurements were 
only possible if the iris was visible together 
with the defect.

technique
To harvest a PCCG, local anesthesia (1% lido-
caine with 1: 100 000 epinephrine) is injected 
around the chosen donor site. Care is taken not 
to hydrodissect the skin from the underlying 
perichondrium. The incision is made through 
the perichondrium down to the cartilage. The 
PCCG is carefully dissected off the cartilage. 
The glistering undersurface of the perichondrial 
cutaneous graft contrasts with the dull denuded 
cartilage itself. (figure 1) 
 The PCCG may be as large as the size of the 
conchal bowl, normal diameter 2.5 – 2 cm. Only 
rarely (4 of 51) PCCGs were harvested from the 
posterior surface of the ear.  As in FTSG, the 
graft is placed in the recipient bed and trimmed 
to provide a precise fit. Multiple (‘pie-crusting’) 
cuts are made through the graft to release pos-
sible excess of serosanguinous fluids and pre-
vent a too shiny aspect of the healed grafts in 
the long term. The grafts are secured with 5.0 or 
6.0 vicryl rapide. A non-adherent compressive 
dressing is applied using sterile strips for five 
days. 
 The management of the donor site includes 4 
to 6 4-mm punch removal of conchal bowl car-
tilage (figure 2). This allows granulation tissue 
from the medial side of the ear to grow through 
the conchal cartilage.23 Depending on the size 
of the conchal defect the donor site takes 3-5 
weeks to re-epithelialize. (figure 3) The cos-
metic result is generally excellent and no fur-
ther repair is necessary.24



75

 In order to obtain the best possible skin color 
and texture match, FTSG were chosen from var-
ious donor sites including preauricular, postau-
ricular, nasolabial fold, upper eyelids and supra-
clavicular skin. In the study period, all FTSGs 
were defatted as much as possible before plac-
ing on the recipient site. All FTSG donor sites 
were closed primarily in a linear fashion 

Statistics
The difference in success rate between PCCG 
and FTSG was tested by means of a two-sided 
Cochran-Armitage Trend Test. Inter-observer 
agreement on cosmetic results was expressed 
in terms of an intraclass correlation coefficient. 
Testing differences in cosmetic results, between 
observers, was performed with a linear mixed 
effects model. 

Patient material 
A hundred and twenty-one grafts (70 FTSGs and 

51 PCCGs) were applied in 118 patients. Three 
patients had a FTSG twice and were considered 
individual cases. Overall only superficial de-
fects were eligible for skin graft reconstruction. 
The patients who had FTSGs included 38 males 
and 32 females. Their ages ranged from 39 to 89 
years (median age: 68 years). The patients who 
had PCCGs included 23 males and 28 females. 
Their ages ranged from 14 to 83 years (median 
age: 65 years). 
 The main etiology of the facial defect in 
both groups was excision of skin cancer. (PCC-
Gs 73% and FTSGs 96%).  Other indications 
were two traumatic disorders, 4 dermal nevi, 2 
lentigo maligna, 1 hemangioma, 1 scar, 1 atypi-
cal fibroxanthoma and 1 chondrodermatitis on 
the anthelix. 
 As shown in figures 4 and 5 the dominant 
side of reconstruction was the nasal unit in both 
groups; 50 nasal defects in FTSGs (71%) and 
32 nasal defects in PCCGs (61%). 

Figure 1. The shiny 
appearance of the undersurface 
of the PCCG contrasting with 
the bare dull cartilage surface.

Figure 3. Postoperative result 
of secondary intention healing 
of the conchal bowl donor site 
of PCCG.

Figure 2. Multiple 4-mm punches 
are made through the cartilage 
with removal of small plugs of 
cartilage from the concha. 
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rESUltS
table 1 summarizes the type of graft related to 
facial recipient site and patient characteristics. 
Analyzes of all the locations of reconstruction, 
using chi-square test, showed no significant dif-
ference between the two groups. (p =0, 47)
 It can also be noted that FTSGs have been 
applied more often to the lower third of the nose 
then PCCGs (49% vs. 31%, p =0.09). table 2 
depicts the relationship between nasal recipient 
site and FTSG donor site. It is specifically clear 
that FTSGs taken from the melolabial fold were 
applied to the lower third of the nose most fre-
quently, the reason being the frequently occur-
ring good match in number of sebaceous glands 
between FTSGs taken from melolabial fold, and 
surrounding recipient skin of the lower third of 
the nose. 
 In 26 patients the iris and the defect were 
visible in the same photo allowing for precise 
calibrated measurements using J-Image. The 
median sizes of the 15 FTSGs and of the 11 
PCCGS were, 236 mm and 153mm, respec-
tively. Although defect sizes were measured in 
a small number of patients, clinically the defect 
size was rarely larger than 2\2 centimeters.  
 table 3 summarizes the survival rate in re-
lation to type of graft .The complete survival 
rate of the 70 FTSGs was 87%. There were nine 
failures (four partial and five total failures). 
Of the 51 PCCGs, 94% was successful. There 
were three failures (two partial and one total 
graft failure).Although PCCGs clinically seem 
to demonstrate better graft take, there was no 
statistical significant difference. (table 3; trend 
test p=0.1857)
 Seventy photographs (28 PCCGs (54% of 
total) and 42 FTSGs (59% of total)) with a min-

Figure 4. Locations on the face where 70 
FTSGs have been used. The dot is the center of 
the graft. 

Figure 5. Locations on the face where 51 
PCCGs have been used. The dot is the center of 
the graft. 
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Table 1. Type of grafts and patient characteristics. 

Variable  

 

Category FTSG 

(n=70) 

PCCG 

(n=51) 

p 

 
Sex 

 
M 

 
38 

 
23 

 

 F 32 28 0.321 

 
Location 

 
Lower 1/3 

Nose 

 
34 

 
16 

 

 Upper 2/3 

Nose 

16 16  

 Eye 6 6  

 Ear 4 6  

 Other 7 5 0.471 

 
Age (mean;SD) 

  
67,2; 12.2 

 
61,9; 18.1 

 
0.102 

 1 chi-square (two-sided) testing all locations p=0.47; testing lower nose versus other locations p=0.09. 
2 t-test (Satterthwaite, two-sided) 
 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.  FTSG donor and recipient site. 

 

 

 

 
 
 
 
 
   
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Donorsite 

 

 

Post-

auricular 

 

Pre- 

auricular 

 

Melolab. 

fold 

 

 
Supraclav. 

 

 

Upper  

eyelid 

 

Other 

 

 

Total 

 

  Recipient site        

   Lower 1/3 nose 3 6 22 2  1 34 

    Upper 2/3 nose 10 3 2 1   16 

    Periorbital 1    5  6 

    Ear 2   1  1 4 

   Forehead 1   2   3 

    Other  2 1 4   7 

 
 

  

 
Total 17 11 25 10 5 2 70 
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imum follow-up of 6 months were available for 
evaluation. The total photographic assessment 
scores from the three independent raters had an 
average measure intraclass correlation of 0.77 
(95% CI 0.65 – 0.85). Assessments of the ENT-
surgeon and dermatologist were most in agree-
ment (weighted kappa = 0.46 (95% CI 0.31-
0.61). Further analysis showed no significant 
difference (p= 0.207) between the three raters. 
figure 6, 7 and 8 show examples of excellent, 
mediocre and poor cosmetic outcomes.
 Although the cosmetic outcome of PCCGs 
received a better overall score from the three 
raters, the difference between PCCG and FTSG 
was not significantly different. (p = 0.06). The 
results of the raters are shown in table 4.

diSCUSSion 
In the reconstructive decision-making process 
many factors must be taken into consideration.  
This includes the level of certainty of local tu-
mor control, patients’ health status (smoking, 
diabetes, vascular disease, multiple skin can-
cers) as well as patient wishes such as recon-
structive burden and aesthetic result. The defect 

size, depth and location as well as skin status 
(thickness, relative excess) and the possible 
availability of a matching donor site must also 
guide the choice between secondary intention 
healing, skin graft or local or regional flap clo-
sure.1 In the study period (1995-2005), 965 fa-
cial skin cancer defects were reconstructed by 
the senior author (H.D.V.). In 47 % the nose was 
affected. FTSGs and PCCGs were the mainstay 
of reconstruction in 121 cases (13%). Local and 
regional flaps were applied in 353 (37%) and 
190 (20%) of the cases. The remaining 30% 
were treated by secondary intention healing or 
primary closure.  
 This clinical study was performed to com-
pare the effectiveness of two types of skin grafts 
namely FTSGs and PCCGs.  Survival rates and 
cosmetic appearance were used as measure of 
outcome.
 Graft failure is defined by a dark black color 
of the graft surface in the first 5-7 days after 
surgery. This may signify total graft loss or 
only partial failure. In the first few days it is 
hard to determine whether one deals with su-
perficial epidermiolysis only or full-thickness 

Table 3. Success rates of FTSGs and PCCG, no significant difference (P > 0.3). 

Type of graft FTSG PCCG 

Survival   

Success 61 48 

Partial success 4 2 

Failure 5 1 

Total 70 51 

 

Cochran-Armitage Trend Test: p = 0.1857 
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Figure 6. Cosmetic outcome 
of skin grafting on the nose 
characterized as excellent: 
good texture match to adjacent 
skin, slightly different color. A 
PGCG was used. 

Figure 8. Cosmetic outcome 
of skin grafting on the nose 

characterized as poor: 
poor texture match, hypo 

pigmentation and contraction. 
A FTSG was used.

Figure 7. Cosmetic outcome 
of skin grafting on the nose 
characterized as mediocre: 
some hypo pigmentation and 
texture loss. A FTSG was used.

Table 4.  Photographic assessment of FTSG and PCCG, cosmetic outcome was graded 
by summing the assessment scores. 

Raters 
 
 
 

 FTSG, 42 
 
A              B            C 
 

PCCG, 28 
 
A            B           C 
 

Clinical outcome   

Excellent 29 (%)    29            31 46           13          54 

Good 48           40            48 36           25          43 

Fair 21           26            19 18           29            3 

Poor 2             5              2  

   
 6-7 = excellent; 8-9 = good; 10-12 = fair; > 12 = poor. 
No significant difference in cosmesis between FTSG and PCCG (p = 0.06) 
A= dermatologist, B= ENT surgeon and C= naïve scorer. 
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graft necrosis. Usually the graft is left to heal 
by secondary intention and no action is taken. 
Epidermiolysis will usually heal with no signifi-
cant scarring but can lead to loss of skin color 
and texture. Full-graft failure is obvious when 
the eschar is cast off from the wound bed. This 
can lead to induration and contracture.
 In the literature, multiple studies report sur-
vival rates of FTSGs ranging from 70  to 95%.13-

16 These rates are comparable to our survival rate 
of FTSG of 86%. For PCCG, clinical studies re-
port survival rates of 98-100%.19,20,23,25 Given the 
possible variations in the criteria used for suc-
cess, this may be considered level par with our 
survival rate of 94%.
 Whether the perichondrial plexus allows for 
quicker revascularization by formation of anas-
tomozes between graft and host vessels (inos-
culation) remains to be debated. One may also 
state that the dermal plexus of skin grafts also 
allows for inosculation and that the imbibition 
phase is easier if there is no barrier like the peri-
chondrium. There is only one comparative study 
between PCCGs and FTSGs.18 This study using 
rabbits showed grafts survival rates of 65 % for 
FTSG and 85 % for PCCG. 
 Possibly, the PCCGs showed less contrac-
tion compared to FTSGs. It is suggested that 
while fibroblasts play an essential role in wound 
contracture, the perichondrium is an additional 
layer harnessing the contraction wound forces.18 
Contraction of skin grafts was not the subject of 
this study. However, the suggested limited con-
traction of PCCGs18 induced us to apply PCCGs 
more frequently in eyelid reconstruction (figure 
5). However, the PCCGs, seem to demonstrate 
some bulging of the graft in the early postopera-
tive period; whether this is initial contraction or 

just edema fading over time is not clear. 
With regard to the cosmetic outcome in the lit-
erature of grafts, only 1 study used criteria to 
assess the cosmetic outcome of grafts.21 This 
specific study showed an 80% successful aes-
thetic result of FTSGs. In most studies the cos-
metic outcome was only judged by the surgeon 
himself and so a biased judgment was created. 
In our study the grafts were systematically as-
sessed by three independent raters who did not 
know the origin of the graft. All raters scored a 
70-80% excellent to good cosmetic outcome for 
both types of grafts. No significant difference in 
cosmesis was found between the photographic 
assessment of FTSGs and PCCGs in our study. 
The postoperative skin color of grafts is of ma-
jor influence on the clinical outcome because it 
clearly distinguishes grafts from the surround-
ing skin.21 If skin color of grafts would have 
been the only factor to be evaluated, statistical 
analysis again showed no significant difference 
between FTSGs and PCCGs. However, photo-
graphic assessment may be inferior to live as-
sessment.21 
 If we are ever to unveil the truth about the 
value of FTSGs and PCCGs, a prospective ran-
domized study would be ideal. Is it ethically 
sound to apply a graft assigned by the study 
protocol when clinical experience suggests that 
another skin graft characteristic seems to better 
match the donor site? This probably leads to an 
inevitable tension between the surgeon commit-
ted to the individual patient here and now, and 
the clinical researcher whose focus is the ben-
efit of future patients in the larger community.26

 Our goal was to explore and compare our re-
sults of PCCGs and FTSGs and draw tentative 
conclusions if possible. Given the statistical 
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outcome, these grafts reasonably matched for 
clinically important factors such as location of 
the defect, age and gender of the receiver, etiol-
ogy of the facial defect. All patients were op-
erated upon by one surgeon. Although the data 
about depth of the defect and graft size were 
limited, clinically both groups do seem compat-
ible  
 Given the limitations of our study we pro-
pose that both FTSGs and PCCGs are viable 
options in facial reconstruction, with no differ-
ence in survival and cosmesis. 
 A great benefit of skin grafting is its simplic-
ity and one-stage procedure. Searching for the 
best possible match between donor site and de-
fect as well as delicate tissue handling and good 
postoperative care is fundamental. The PCCG 
is an alternative smooth graft, containing few 
sebaceous glands. The simplicity of the conchal 
bowl donor site management by secondary in-
tention may be an advantage. However, the un-
derlying cartilage will not be available anymore 
for future reconstruction.

ConClUSionS
Both FTSGs and PCCGS are viable options in 
facial reconstruction, with no statistical differ-
ence in survival and cosmesis. They are simple 
and one-stage procedures. The PCCG may be 
seen as an addition to our armamentarium in 
our search for optimal reconstructive results. 
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AbStrACt
background  
Composite skin-fat grafting has long been coun-
ter-intuitive. The prevailing paradigm entails 
de-fatting full thickness skin grafts. It is widely 
believed that the subcutaneous fat of the skin 
composite grafts acts as a mechanical barrier, 
limiting vascularization. This paper questions 
and investigates this presumption. We report on 
a series of 43 procedures involving composite 
skin-fat grafts for nasal reconstruction. 

methods 
The literature is reviewed for full-thickness skin 
grafting and whether the fat must be removed or 
not. To gain further insight a retrospective study 
of 43 nasal defects reconstructed with composite 
skin-fat grafts was undertaken. We assessed graft 
viability and cosmesis. To assess graft cosmesis, 
photographs were randomly shown to three ob-
servers. The results were scored with a modified 
Manchester scar scale and a visual analog scale. 
Patient satisfaction with the reconstruction site 
with the graft was also documented.

results
Thirty-five of the composite skin-fat grafts were 
used on the tip region, and eight on the dorsum/
lateral wall of the nose. Five grafts failed (12%) 
where as six (14%) showed superficial epider-
miolysis. There were 15 (35%) patients with ex-
cellent scar-score and 28 (65%) with mediocre 
score. There were no poor outcomes. 

Conclusion
Composite skin-fat grafts are a valuable asset in 
nasal reconstruction. These composite grafts are 
associated with a very satisfactory aesthetic out-
come demonstrated by the blending in with the 
surrounding tissue and the absence of significant 
depression of the grafted site. Even when super-
ficial epidermiolysis or necrosis occurs, the re-
sults are still acceptable, but necrosis can result 
in contour loss and scarring.
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introdUCtion
Nasal defects pose specific reconstructive chal-
lenges, largely correlated to size and depth of 
the deficit. Size of nasal defects can be classified 
as small (< 1cm in diameter), medium (1-1.5cm) 
and large (> 1.5 cm).1 Whether the defect is small 
or large, superficial or through-and-through, the 
psychological and social value of high-quality 
reconstruction is to be acknowledged. This pa-
per focuses on superficial small to medium-size 
defects particularly of the lower third of the 
nose, which were reconstructed with compos-
ite skin fat grafts. Composite skin-fat grafting 
has long been counter-intuitive. The prevailing 
paradigm entails de-fatting full-thickness skin 
grafts. It is believed that the subcutaneous fat of 
the skin-composite grafts acts as a mechanical 
barrier limiting vascularization. 
 Full-thickness skin grafts [FTSG] are one 
of the workhorses for nasal reconstruction. In 
our series of 766 nasal defects, FTSG are ap-
plied in about 20% of cases. Key to successful 
skin grafting in terms of both survival and ap-
pearance are the vascularity of the recipient site 
and donor-recipient site skin matching. When 
used with discrimination, aesthetical outcome of 
FTSG can be very satisfying.2 However, its in-
dication has been limited to superficial defects. 
Indeed, traditionally a skin graft is depleted of 
subcutaneous fat and is relatively thin. It is logi-
cal that for deeper defects more tissue volume 
is needed and skin flaps, which carry their own 
subcutaneous tissue, might be a good alternative 
option. Without denying the value of skin flaps, 
they involve more surgery than skin grafting 
alone. 
 When skin is harvested together with an ex-
tra layer such as cartilage, perichondrium or fat 

and grafted as one unit, by definition they are 
composite grafts. The use of skin-cartilage and 
skin-perichondrial grafts is well described.2-4 On 
the otherhand, composite skin-fat grafts in facial 
reconstruction have received relatively little at-
tention5 and their possible value seems veiled by 
misunderstanding. Indeed traditional teaching 
informs us that adding subcutaneous bulk to the 
graft increases blood supply demand of the graft 
and reduces the chances of successful revas-
cularization. As has been indicated above, this 
does not comply with the reconstructive needs 
of deeper defects, which require more bulk to 
the graft to minimize contour depression.   
 The few publications that deal with the use 
of composite skin-fat grafts have mainly been 
reported in the last two decades and provide 
contradictory viewpoints. In other words there 
is still no consensus among the majority of sur-
geons on the subject of leaving fat on the skin 
to be grafted. We present a literature search to 
define the status quo in skin-fat grafting of facial 
defects as well as a clinical evaluation of a sin-
gle surgeon’s (HDV) series of 43 patients with 
nasal defects after excision of non-melanoma 
skin cancer.

mEthodS
Literature search 
The literature search is summarized in table 1 
and addendum. From 1972 till May 2010, 424 
publications alluded to full thickness skin graft-
ing. Twenty-six of these papers contained at 
least one of the following keywords used: adi-
pose, defat, fat, remove and survival. Of these 
26 papers it appeared that 19 authors promote 
the view to remove the fat from the graft where-
as seven authors advocate to preserve it. Before 
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Table 1. Literature search. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 N/Y tafeD etisronoD etad noitacilbuP 

Beare (10) Jul 72 nasolabial fold Y 

Mehta (11) Feb 79 postauricular sulcus, inner arm Y  

Clodius (12) Oct 79 retroauricular Y  

Corwin (13) Oct 82 preauricular N  

Hill (14) Dec 83 choosed depending on color,texture and thickness   Y  

Henley (15) Jan 90 choosed depending on color,texture and thickness   Y  

Wladecki (16) Nov 91 pre- + postauricular, upper eyelid, supraclavicular Y  

Haas (17) Aug 94 inner upper arm, supraclavicular, earlobe N  

Thibault (18) Jun 95 postauricular sulcus, preauricular, supraclavicular Y  

Johnson (19)  Oct 97 blush area/cheek, supraclavicular Y  

Caldwell (20) Jan 98 postauricular, supraclavicular, nasolabial Y  

Brodland  Apr 99 conchal bowl N  

Fader (21) Nov 00 nose Y  

Hubbard (22) Nov 04 nasolabial fold N  

Tuncali (23) Jan 05 upper eyelid Y  

Silapunt (24) Feb 05 pre- and postauricular, conchal bowl, dog-ear, inner arm Y  

Dimitropoulos (25) Mar 05 forehead Y  

Geyer (26) May 05 nasolabial fold N  

Adams (27) Aug 05 preauricular Y  

Shook (28) Sep 05 choosed depending on color,texture and thickness   Y  

Burm (29) Jan 06 postauricular N  

Cabeza-Martinez (30) Nov 06 temple, cheek, lower eyelid Y  

Ogawa (31) Mar 07 groin Y  

Taifour (32) Apr 08 abdomen Y  

McCluskey (4) Mar 09 forehead, preauricular Y  

Son (33) Nov 09 animal study: from the back of a pig N 
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2000, 25% of publications supported composite 
skin-fat grafting. In the last decade twenty-nine 
per cent of publications recommended contain-
ment of adipose tissue with the skin graft.

Study design
This is a retrospective study of the reconstruc-
tion of 43 nasal defects using composite skin-
fat grafts between 2005 and 2010. To measure 
the defect sizes after tumor removal, pictures 
of a ruler next to the defect were taken. The 
defect surface area was then calculated using 
computational imaging software (‘Image J’; 
www.rsbweb.nih.gov/ij/). 
 To assess graft cosmesis photographs of 
patients with a minimum follow-up of three 
months were randomly shown to three inde-
pendent observers. A modified Manchester scar 
scale was used to assess the cosmesis (table 2).6 
The five outcomes measured in this protocol are 
listed below.  A total judgment score of < 7 was 
scored as an excellent outcome, 7-12 as a me-
diocre outcome and > 12 as a poor outcome. 
 Consistent with the Manchester scar scale an 

overall visual analog scale (1= excellent to 10= 
poor score) was added to the individual attribute 
scores. Patient satisfaction with the reconstruc-
tion site with the graft was also documented.

Statistical Methods
Associations between potential risk factors and 
necrosis were assessed using Fisher exact tests. 
Intraclass correlations for scar-score and VAS 
were assessed using two random effects models 
with each patient providing the random inter-
cept. The differences between scales were as-
sessed using a linear mixed-effects model where 
the scaled scores were the outcome; observer, 
score-type (scar-score vs. VAS) and interaction 
between these variables were taken as fixed ef-
fects. Again random intercept was implemented 
per patient. To determine the number of patients 
with an excellent outcome (scar-score), patient 
was taken as a fixed effect and observer was 
taken as a random effect. Residual and random-
effects QQ-plots were used to assess the distri-
butional assumptions. 
 To determine the patient-specific contour and 

Table 2. Modified Manchester scar scale. 
  

  

1. Color match to adjacent skin  1= perfect, 2 = slight mismatch, 3 = obvious mismatch, 4 = gross 

mismatch 

2. Edge and graft contour  1= blending into surrounding skin, 2= slightly indented, 3= scar 

contour too high/hypertrophic, 4= scar keloid 

3. Texture match to adjacent skin 1= similar, 2 = not similar 

4. Inappropriate hair percentage of graft surface area affected: 1= 0%, 2 = 1-25 %, 3 = 26-

75 %, 4 = 76-100 %)  

5. Dull or shiny dull=1, shiny=2 

  
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



88

color outcome mixed effects models were con-
structed: a linear mixed-effect model with edge 
matching as the outcome (perfect = 1, slight = 
2 or worse = 3); and two logistic mixed-effect 
models, one for light and one for dark color 
matching, were constructed. All three models 
included patient as the fixed effect and observer 
as a random effect. The estimated values were 
used to classify each patient with regards to his/
her surgical outcome. In all analyzes 0.05 was 
taken as the level of significance, and no adjust-
ments were made for multiple testing.

Surgical details
All surgery was undertaken by the senior author 
(HDV). All patients were given prophylactic in-
travenous flucloxacillin at the beginning of the 
reconstructive surgery.7

All lesions concerned non-melanoma skin can-
cers, which were completely excised either by 
using Mohs technique (77%) or by conventional 
excision with delayed histopathology. Only 
minimal cauterization was performed and addi-

tional local anaesthetic applied to ensure haemo-
stasis. The defect was then reconstructed using 
a composite skin-fat graft, which was harvested 
from one of four donor sites: forehead (figure 
1), melolabial fold, pre-auricular and post-auric-
ular regions.  
 The donor site was closed by one of three 
methods; -primary linear closure, secondary in-
tention or by a V-Y subcutaneous pedicled ad-
vancement flap. If the defect was close to the 
alar rim, in order to prevent post-operative alar 
notching, conchal cartilage was also harvested 
and a slender rim graft secured before transfer of 
the composite skin-fat graft. (figure 2)   
 All grafts were harvested with some amount 
of excess fat. (figure 3) Each graft was initially 
sutured along one edge using 6.0 vicryl rapide 
to function as a hinge enabling sequential fat 

Figure 2. Defect site with exposed cartilage 
but intact perichondrium. Because the defect 

abuts the free alar margin, a conchal cartilage 
rim graft serves to harness scar retraction and 

ensures contour maintenance in case graft 
would fail. The conchal cartilage will contact 

the composite skin-fat graft only to a very small 
extend.

Figure 1. Forehead skin as donor site for the 
composite skin-fat graft.
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shaping until the contour was flush or slightly 
below the local anaesthetic-engorged surround-
ing surface and a precise fit in terms of size and 
thickness was achieved. Some mattress suturing 
and only a very small bolster dressing fixed with 
steristrips stabilized the graft. The forehead do-
nor sites were closed with different techniques: 
secondary intention healing, linear closure (4C) 
and V-Y advancement. The patients were ad-
vised not to touch the reconstructed area.  
 The dressing was removed five days post- 
operatively and the viability of the graft was as-
sessed. Graft viability was scored as success, su-
perficial epidermiolysis or necrosis. If the graft 
has turned dark, it may not be clear at that time 
whether only the epidermis is avascular (super-
ficial epidermiolysis) or whether the dermis and 
subcutaneuos tissues have not survived (total 
necrosis). In case of superficial epidermiolysis, 
only the epidermis sloughs while underneath the 
deeper tissues are viable. Wound healing in case 
of superficial epidermiolysis proceeds rapidly 
within days while total necrosis will take two 
or three weeks to settle. All grafts that (partly) 

Figure 3. Composite skin-fat graft harvested 
from forehead showing the subcutaneous fat 
with its beveled edges.

Figure 4. A-C show the final cosmetic result af-
ter 11 months. C shows linear closure of donor 

site. The aesthetic result of the nasal recon-
struction in this case was mediocre according 

to 3 observers
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failed, were rectified by secondary intention 
healing.  figure 4 shows the final result of the 
patient.

rESUltS
Forty-three nasal defects were reconstructed us-
ing composite skin-fat grafts. The patients’ ages 
at surgery ranged from 36 to 88 years (median 
age: 62 years) there were 13 (30%) males and 
30 (70%) females. Thirty-five of the composite 
skin-fat grafts were used on the tip region and 
eight on the dorsum/lateral wall of nose. table 3 
shows the surgery details of the composite skin 
fat grafts. 
 Five grafts were necrotic (12%) and 6 (14%) 
showed superficial epidermiolysis. All these 
grafts healed by secondary intention. After su-
perficial epidermiolysis excellent to mediocre 
outcomes were observed (figure 5). After ne-
crosis, four grafts showed a mediocre (figure 
6) and one graft an excellent cosmetic outcome 
(figure 7).
 table 4 presents the associations between 
risk factors and necrosis. Only the use of the 
cartilage rim grafts was significantly associated 
with the occurrence of necrosis (p =0.03) while 
there was no difference between bare cartilage 
and non-bare cartilage (p =0.34).
 For cosmetic outcome three observers judged 
the grafts according to the modified Manchester 
scar scale and an overall visual analog scale. 
The intraclass correlation for the scar-score was 
0.71, while for the VAS it was 0.66 indicating 
that there was reasonable agreement between 
observers of good vs. bad outcomes. Overall 
there was no difference between the scar-score 
and the VAS (p =0.3). There were 15 (35%) pa-
tients with an excellent outcome (Manchester 
scar scale <  6.5 ; VAS score <15 on the 0-100 

Table 3. Surgical details. 
 
    

Excision technique Mohs  33 (77%) 

 Standard excision 10 (23%) 

    

Location Dorsum 5 (12%) 

 Infra Tip 4 (9%) 

 Lat. Tip 6 (14%) 

 Lat. Wall 3 (7%) 

 Tip 23 (53%) 

 Tip/dorsum                2 (5%) 

    

Size Median  1.15 cm2 

 Small (< 1cm2) 12 (28%) 

 Medium (1-1.5 cm2) 21 (49%) 

 Large (>1.5cm2) 9 (21%) 

 Not measured 1 (2%) 

    

Donor site Forehead 34 (79%) 

 Melo-labial   6 (14%) 

 Post-auricular 2 (5%) 

 Pre-auricular 1 (2%) 

    

Closure donor site Linear 16 (37%) 

 Secondary Intention 20 (47%) 

 Sub-cut flap 7 (16%) 

    

Total   N= 43 

 
 
  
 
 
 
 
 
 
 
 
 
 
 



scale) and 28 (65%) with a mediocre outcome. 
There were no poor outcomes. When consider-
ing edge and graft contour 27 patients (67%) had 
no contour abnormalities and 15 patients (35%) 
only a slight contour edge difference, using the 
mixed effect models. Minor hypopigmentation 
of the graft was noted in 17 patients (40%) (fig-
ure 8) while eight patients (19%) had some hy-
perpigmentation (figure 5). Forty patients were 
satisfied with the cosmetic outcome, one patient 
was not satisfied and of two patients their opin-
ions were unknown.

diSCUSSion
Full-thickness skin grafting is an important, sim-
ple option to be considered in facial reconstruc-
tive surgery. A favorable wound bed permitting 
vascular in-growth as well as donor site selection 
are keys to graft acceptance and final cosmetic 
outcome. As traditionally skin grafts are defatted, 
they are only indicated in relatively superficial de-
fects. Most facial skin tumors occur on the nose 
while a large percentage involves the nasal tip, 
which is covered typically with relatively thick 
skin. Thus logically the deeper defects on the low-
er third of the nose are often reconstructed with 
(local) flaps because they carry subcutaneous fat 
into the deficit. Moreover, given the risk of graft 
failure, patient factors such as smoking and dia-
betes might also steer the reconstructive endeavor 
away from skin grafting toward flap repair. 
 All flaps, whether local or regional, which 
transport skin and fat have the disadvantage of ad-
ditional scarring and possible contour deformities 
of the recipient and donor areas.8 Moreover, given 
the thickness of the skin in this area, local flaps 
may be hard to move and bend into the tip defect.9 
The literature describes the risk of postoperative 
contour deformities with asymmetry of the tip 
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Figure 5 A-C. Example of superficial epider-
miolysis of the composite skin-fat graft (A) and 
the result after healing with secondary inten-
tion (B and C). There is still a good contour but 
some hyperpigmentation has occurred. Cosmetic 
result was scored as excellent by the observers.

5A

5B

5C
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Figure 6 A-C. Example of composite skin fat 
graft with necrosis (a) and the final result after 
secondary intention healing (b and c). Loss 
of contour and some contraction of the graft 
occurred. Cosmetic outcome was scored as 
mediocre.

Figure 7 A-C.  Example of necrosis of the 
composite skin-fat graft (a) and the result after 

healing with secondary intention (b and c). 
There is a good contour and skin color match. 

Cosmetic result was still scored as excellent by 
the observers.
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Figure 8 A-E.  An excellent result with some minor hypopigmentation of composite skin-fat graft after 
12 months. There is a smooth contour, good texture match and no scarring.

8D8C
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and alar retraction despite the best of design.8,10 
These deformities can be extremely difficult to 
correct and again emphasize the careful weighing 
of skin-fat grafting versus flap reconstruction. 
 Delaying skin grafting for two weeks or 
more may be an option to allow granulation tis-
sue to fill in the defect and subsequently provide 
coverage with a skin graft in a second stage.11 
Alternatively, one may move vascularized sub-
cutaneous tissue into the depth of the defect, 
which is subsequently skin-grafted in the same 

stage.12,13 Mobilizing a subcutaneous tissue flap 
entails additional incisions and a larger scar bed. 
However, the survival of skin grafts on flaps re-
mains uncertain. 
 To overcome the aforementioned complex 
surgical measures, composite skin-fat grafts 
may fill in the defect directly to create a convex 
contour, blending into the nasal shape.5 Our ex-
perience with the skin grafts challenges the par-
adigm of routine defatting of these grafts which 
has permeated the training programs of all spe-

 
 
 
Table 4. Associations between risk factors and necrosis.  

 
   Necrosis No Necrosis p 

   N = 5 N = 38  
      Smoking No  4 (11%) 32 (89%) 1 

 Yes  1 (14%) 6 (86%)  

      

Vascular disease No  4 (14%) 24 (86%) 0.64 

 Yes  1 (7%) 14 (93%)  

      

Donor site Other donor sites  0 (0%) 9 (100%) 0.57 

 Forehead skin  5 (15%) 29 (85%)  

      

Graft Bed * Rim graft 2 (67%) 1 (33%) 0.01 

 Bare Cartilage 1 (38%) 4 (62%)  

 Non-bare Catilage 2 (6%) 33 (94%)  

      

Size Median  1.8 1.1 0.24 

 (Range)  (0.79 - 2.7) (0.37 - 2)  

 Missing  0 (0%) 1 (3%)  
 
* Pairwise tests:  

•  There is no difference in rate of necrosis between bare cartilage and not bare cartilage (p = 0.34). 

•  The difference in occurrence in necrosis between rim and non-rim grafts is significant (p = 0.03). 
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cialties involved in such reconstructions: plastic 
surgery, otolaryngology, and dermatology.10

 Traditional teaching informs us that leaving 
the fat impedes the processes of imbibition and 
inosculation necessary for graft survival, thereby 
risking high rates of graft loss. Supposedly, con-
tact between the graft dermis and the recipient 
bed is of vital importance for establishment of 
neo-vascularization. However, an animal study 
by Son14 using microangiograms showed vessel 
connections not only between the vessels of the 
dermis, but also between the subcutaneous fat of 
the graft and perforators from the basal surface 
of the wound. They stated that direct vessel-to-
vessel anastomosis between the vessels of the 
subcutaneous fat of the graft and the basal sur-
face of the recipient wound is important for the 
success of composite grafts. In other words, the 
subcutaneous layer does not produce a barrier 
but may work as a significant source of vessel 
communication.
 In the literature, Hubbard reported on melola-
bial fold grafts with fat applied to the lower one 
third of the nose (no antibiotics, no bolster dress-
ing) with a take rate of 29 out 33 cases (88%) 
(22) while Gurunluogo reported 93% take rate 
with composite skin-fat grafts (Tie-over dress-
ing, no antibiotics) taken from the preauricular 
and neck area in a series of 15 patients.15 
 In our series of 43 grafts the survival rate was 
88% while only five grafts showed necrosis. The 
use of rim cartilage grafts was associated with 
necrosis (p =0.03) but we found no difference 
in rate of necrosis between bare and non-bare 
cartilage (p =0.34). Menick5 already suggested 
that bare cartilage is not an ideal graft bed and 
puts the skin fat grafts at risk. So, not surpris-
ingly, cartilage rim graft in combination with 

skin-fat grafts carries a high risk for necrosis.   
Statistical analysis did not show that size was 
a significant risk factor for necrosis (p =0.24), 
however, in our series, as in others, composite 
skin grafts were preferably limited to relatively 
small defects (median size of 1.15 cm2). One of 
our necrotic grafts was significant in size (2.7 
cm2; the largest in our series). It is well known 
that exposed cartilage, smoking and diabetes are 
considered relative risk factors for skin graft ne-
crosis.7,16-18 
 All necrotic grafts healed by secondary in-
tention. Offcourse graft necrosis harbors an in-
creased chance of contour loss and/or scarring. 
Surprisingly, one patient showed an excellent 
outcome (figure 7) while four patients showed 
a mediocre outcome.
In six cases (14%) there was superficial loss of 
the graft. In case of superficial epidermiolysis 
skin slough prevents early proper judgment of 
the viability of the underlying tissue layer. Su-
perficial epidermiolysis is rectified in a couple 
of days and necrosis will take two to three weeks 
to heal. Hubbard reported superficial epider-
miolysis in 60%10 and stated that superficial epi-
dermiolysis did not result in any objectionable 
scarring. Mc Cluskey18 describes a series of 36 
defatted forehead skin grafts and found that it is 
not unusual for the most superficial portion of 
these grafts to initially undergo a period of par-
tial slough. It is suggested that this is possibly 
due to the stiffness and thickness of the forehead 
skin. Also, Menick stated that, possibly due to 
the underlying compact fibrofatty subcutaneous 
layer being thicker and stiffer than other donor 
sites, the composite forehead graft could give 
good cosmetic results even in cases of superfi-
cial epidermiolysis.5
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 All in all, the relatively recent publications 
reporting the successful repair of nasal defects 
with composite skin-fat grafts indeed challenge 
the paradigm of defatting the skin graft to en-
sure success. Hubbard10 from his clinical expe-
rience even argued that defatting would in fact 
compromize the results of nasal reconstruction. 
The survival rates of composite skin-fat grafts in 
these series are comparable to the survival rates 
for FTSGs mentioned in the literature, which 
range from 70 to 95%.2,11,17-19 
 The overall aesthetic success of full-thick-
ness skin grafts not only depends on take rate 
but also on careful donor site selection. The skin 
of the preauricular area, melolabial fold and 
forehead closely matches that of the nose.5,15,18 
The skin of the preauricular area is very smooth 
and does not have a population of glands so is  
not suitable for the lower nasal third. The me-
lolabial area matches the nasal tip. Even when 
used as composite skin-fat grafts, they have a 
high rate of survival and contour is consistently 
good to excellent.10 We know from flap repair 
that forehead skin mimics nasal skin extremely 
well in terms of color, thickness, oily and seba-
ceous texture.20 However, skin from the forehead 
is traditionally not used for skin grafting. The 
forehead skin and its underlying compact fibro-
fatty subcutaneous layer are thicker and stiffer 
than other donor sites.18 The use of the forehead 
donor site for composite skin-fat grafts, carrying 
significant amounts of soft tissue to permit the 
replacement of the deeper soft tissues has been 
advocated by Menick5. In our series of 43 pa-
tients 34 (79%) of the donor composite grafts 
originated from the forehead. 
 Several authors promote the addition of sub-
cutaneuous fat to the skin graft to provide soft-

tissue volume and contour to the reconstruc-
tion.5,10,15 However, no independent rating of 
contour/scar outcome has been performed up 
till now. In our series 63% of the grafts blended 
into the surrounding skin whereas 35% had only 
slight contour edge difference. The improved 
contour and symmetry in these relatively deep 
defects allow for satisfactory nasal appear-
ance in the majority of the patients. Advisably, 
as composite skin-fat grafts seem to heal with 
some degree of hypopigmentation, the indica-
tion may be limited to fair-skinned individuals.10

ConClUSion
We feel that composite skin-fat grafts are a valu-
able asset in nasal reconstruction with a very 
satisfactory aesthetic outcome demonstrated 
by the blending-in with the surrounding tissue 
and the absence of significant depression of the 
grafted site. The step of defatting the skin graft 
is probably unnecessary so the inherent problem 
of a depressed appearance of the reconstructed 
region may be avoided. Even when superficial 
epidermiolysis or necrosis occurs, the results are 
still acceptable, however, with a risk of contour 
loss and scarring. A significant advantage of the 
composite skin-fat grafting is that it is techni-
cally less demanding compared to local flap re-
pair. Prominent extra scars, dog-ears, trapdoor 
phenomenon and obliteration of facial grooves 
are also avoided.
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Addendum literature search to define status 
quo in skin-fat grafting of facial defects.

Aim to compile current techniques and opinions 
derived over time

Methods used were the following. The first step 
was the search for published articles regarding 
FTSG in reconstruction of the face and/or nose 
in the medical data basis PubMed of the NCBI 
until Mai 2010, which yield

- 310 publications concerning “full-thickness 
skin graft and face”,

- 65 regarding “full-thickness skin graft and 
success” and 

- 49 in reference to “full-thickness skin graft 
and fat”.  

In a second step all 424 articles that have been 
found were searched through in the headline and 
abstract, to determine if they contain facts about 
FTSG for reconstruction of facial/nasal defects.
This 93 papers, which where then scanned by 
using the find option of the Adobe PDF reader 
looking for the keywords: adipose, defat, fat, re-
move and survival.

The following was found: 
Twenty-six articles contained at least one of 
those above-mentioned keywords.
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AbStrACt
objective
To assess the feasibility and outcome of free car-
tilage grafts left to heal by secondary intention in 
the reconstruction of nasal alar skin defects.

design
We describe the retrospective analysis of 13 pa-
tients treated in a single department with the use 
of free cartilage grafts in combination with sec-
ondary intention healing for reconstruction of the 
alar subunit and lateral nasal wall defects follow-
ing Mohs surgery for cutaneous malignancy. Out-
come measures included patient and surgeon sat-
isfaction, alar retraction, cartilage extrusion, nasal 
valve collapse, revision rate and healing time. 

results
All wounds healed uneventfully by secondary 
intention and the results were gauged as at least 
satisfactory by the patient and surgeon. In three 
patients minor aesthetic faults were evident; in 
one patient the underlying cartilage was promi-
nent and he also developed a hypertrophic scar, in 
one patient there was some alar notching, and one 
other patient developed a hypertrophic scar. One 
patient had a functional complaint of nasal block-
age at the operated side. 

Conclusions
Free cartilage implants in combination with sec-
ondary intention healing is a relatively simple, 
cost-effective, one stage technique. Our results  
show this alternative reconstructive method to be 
a viable option for small and deep defects of the 
alar subunit and nasal sidewall of the nose. The 
donor site morbidity for the patient is limited to 
the ear.
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introdUCtion
Cancer occurs more often on the skin of the nose 
than on any other organ of the body.1 In a personal 
series of 1600 facial skin cancers, the nose was af-
fected in 56% of cases. The majority of cutaneous 
nasal malignancies is found on the most project-
ing lower two-thirds of the nose, specifically on 
the alar and lateral nasal wall sites. Of the nasal 
skin tumors 28% were located on the nasal side-
wall, 21% on the ala while 18% encompassed at 
least part of both these nasal subunits. Although 
reports vary, basal cell carcinoma (BCC), squa-
mous cell carcinoma (SCC) and melanoma of the 
nose have respective frequencies of 85%, 14% 
and 1%.2     
 In this aesthetically important area, there is a 
tendency towards narrow excision margins in an 
effort to simplify reconstruction and this may ac-
count for the high recurrence rate of nasal BCCs 
described in the earlier literature.3       

 Our policy is to perform a reconstruction 
only after pathological margins are proven to be 
clear. Fifty-two percent of our facial skin cancers 
were treated using Mohs micrographic surgery 
which although seemingly time-consuming al-
lows sameday reconstruction.4 Other advantages 
include preservation of more tissue than conven-
tional surgery, higher cure rates and cost effective-
ness.5,6 When we use conventional surgical exci-
sion, we allow 3-4 days for the paraffin sections to 
be histologically examined before we reconstruct 
the defect.
 
nasal alar reconstruction
The reconstructive options for nasal alar skin de-
fects following skin tumor excision include (from 
simple to more complex) primary repair, healing 
by secondary intention, skin and composite grafts 

and skin flaps. Free flaps have a specific indica-
tion for massive nasal defects.7  Primary closure is 
rarely an option owing to the relative immobility 
of the alar skin. All the remaining methods have 
their advantages and disadvantages. The patient’s 
age, general health and aesthetic goals must be in-
cluded in the decision-making process.

Cartilage grafting
When considering reconstruction of defects of 
the alar subunit, with or without some extension 
to the nasal side wall, it is important to anticipate 
for alar retraction.8  Therefore, it is a wise surgi-
cal rule that any defect within 5 mm of the free 
alar margin has a non-anatomical cartilage batten 
graft placed in the free alar margin to prevent alar 
retraction. While additional cartilage is placed to 
prevent retraction, the added support in the alar 
region also aims to prevent external valve col-
lapse. In the same sense, cartilage grafts in the 
supra-alar area or the lateral nasal wall help to 
prevent internal valve collapse. Robinson and 
Burget9 emphasize the special attention required 
in reconstruction of the lateral nasal wall due to 
risk of nasal valve malfunction. 

healing by secondary intention
Healing by secondary intention is characterized 
by filling of the defect with granulation tissue, re-
epithelialization and subsequent wound contrac-
tion. Studies by Zitelli10,11 showed that in properly 
selected circumstances, secondary intention heal-
ing offers functional and cosmetic outcomes equal 
or superior to that achieved by grafts or flaps. 
One of the most important factors determining 
outcome is the location of the wound. The nose 
can be divided into aesthetic subunits that vary in 
contour.12 Zitelli characterized the most favorable 
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sites of healing by secondary intention on the nose 
as the medial canthal area and alar crease – part 
of the NEET areas (concave surfaces of the nose, 
eye, ear, and temple). Wounds on the lateral nasal 
wall may produce a satisfactory result but wounds 
on the dorsum and tip invariably result in flatten-
ing of the convex contour. From an aesthetic point 
of view, a relatively small superficial wound in a 
concave anatomic area, in a fair-skinned individ-
ual, is considered an ideal indication.13   

healing by secondary intention over exposed 
cartilage
Up to the present time, the pervading paradigm 
has been that healing by secondary intention is 
considered unfavorable in cases in which there is 
exposed cartilage owing to possible desiccation 
necrosis. However, incidental reports describe fa-
vorable outcomes, e.g. on the auricle.14 In areas 
with exposed auricular cartilage, small punch bi-
opsy-like excisions of cartilage can be performed 
to encourage the formation of granulation tissue 
from the opposite side of the cartilage. Snow et 
al15  have demonstrated that even exposed facial-
scalp bone heals well in the vast majority of cases 
by second intention healing. 
 In view of this background knowledge, the 
question can be raised, “Is it possible to leave a 
free cartilage graft to heal by secondary inten-
tion?” Or, in other words, “Is it really necessary 
to use a skin flap to cover a free cartilage graft?” 
Healing by secondary intention has not been de-
scribed in those cases where the cartilage is ap-
plied as a free graft. Traditional thinking suggests 
that a free cartilage graft would need to be covered 
with a vascularized skin flap to prevent necrosis.

mEthodS
With our technique, free cartilage grafts are used 
in alar defects to buttress the alar side wall. They  
are partially buried in subcutaneous pockets. 
The fact that the cartilage is partially buried, at 
least theoretically, optimizes the blood supply to 
the graft. We attempt to leave the perichondrium 
attached to the outer surface of the graft to help 
prevent desiccation and to provide an optimal 
framework for secondary intention healing.
 This study involves seven women and six 
men (mean age, 68 years; range 32-89 years) 
who underwent resection of non-melanoma 
skin cancer. All 13 cases are summarized in the 
table. All patients had successfully undergone 
BCC clearance by means of Mohs surgery or 
standard excision with pathologic control.
 The resulting defects were all relatively small 
(10-20 mm), with intact nasal lining. The de-
fects encompassed a portion of the alar subunit 
and in most cases involved a part of the nasal 
side wall of the nose. Typically, all nasal defects 
were reconstructed with a free cartilage implant 
which was left partially uncovered. figure 1 de-
picts a typical case of a defect located within the 
borders of the alar subunit (figure 1A and b). A 
free autogenous conchal cartilage graft was used 
in all cases to replace any resected cartilage and 
to support the alar rim and nasal valve. (figure 
1C) The grafts were partially buried in subcu-
taneous pockets to heal by secondary intention 
(figure 1d). In most cases, the graft was fixed 
to the nasal lining with absorbable mattress su-
tures.
 All wounds were treated with a packing of 
fusidate sodium (Fucidin) ointment and a non-
adherent fluid-permeable contact layer (Uni-
tulle®) directly applied to the wound, followed 
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Figure 1. 
A and B, Original 
defect mainly on the 
alar subunit. C, Free 
autogenous conchal 
cartilage graft is used 
to support the alar rim 
and nasal valve. D, 
The graft is partially 
buried in subcutane-
ous pockets and left 
to heal by secondary 
intention. E, Cover-
ing with a packing of 
fucidin® ointment and 
a non-adherent fluid 
permeable contact 
layer directly applied 
to the wound (Unitulle 
®) F, Almost full epi-
thelization at 5 weeks.  
G-I, Aesthetic result 
after 7 months, there 
is still some redness of 
the scar.

1A

1C 1D

1E 1F

1G 1I1H

1B
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by a non-adherent absorbent layer (Telfa®) to 
take up wound exudates for one week. (figure 
1E) After a check up at an outside clinic, pa-
tients had to clean the wounds themselves on a 
daily basis. After the wounds were rinsed with 
tap water, fusidate ointment and a nonadherent 
dressing (Telfa) were applied until the wound 
was healed. The whole purpose was to create a 
moist post-operative wound environment, as it 

has been shown to promote healing.10,16-18  Heal-
ing time and photographic follow up were regis-
tered in all cases.

rESUltS
The results of the combination of cartilage 
grafts and secondary intention healing are il-
lustrated below with two typical cases. In all 
cases, there was complete and successful reepi-

Table. Patient and wound characteristics.  
 

Pat. 
No. 

M/F 
Age Tumour 

Prim./ 
recur. 

Follow-
up Ala Side-wall Tip 

Defect  
size, *  
Mm2 

Cheek 
advance. 

flap 
 

1 M, 60 Micronod BCC Prim. 49 # #   12 
 

No 
 

2 M, 32 Solid BCC Prim.  12 # #   10 
 

No 
 

3 F, 62 Solid BCC Prim. 12 # # # 15 
 

No 
 

4 F, 60 Solid BCC Prim. 25 # #   10 
 

Yes 
 

5 F, 39 
 
Solid BCC Prim.   6 #     8 

 
No 

 
6 F, 56 Solid BCC Prim. 9 # #   13 

 
No 

 
7 M, 89 Solid BCC Recur.  11 # # # 17 

 
No 

 
8 M, 64 Solid BCC Prim.  36 # #   10 

 
No 

 
9 M, 89 Solid BCC Prim. 20 # #   ? 

 
No 

 
10 M, 75 Infiltrating BCC Prim. 27 # #   20 

 
Yes 

 
11 F, 37 Solid BCC Prim.   8 # #   12 

 
No 

 
12 F, 72 Infiltrating BCC Prim. 6 # #   20 

 
Yes 

 
13 F, 72 Solid BCC Prim. 12 # #   15 

 
Yes 

          
 M = man; F =female; BCC= basal cell carcinoma; # = affected side 
* The sizes of the defects were estimated on the basis of the size of the ala, which in most patients is 1 cm in 
width and 2 cm in length. 
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thelialization by secondary intention in 4-6 
weeks. Both patient and physicians assessed the 
results as either good or satisfactory. Follow-up 
ranged from 6 to 49 months, with a mean of 17 
months. There were aesthetic complications in 
three cases. In one case, the underlying cartilage 
was slightly prominent and a hypertrophic scar 
developed (a minor cartilage graft revision was 
undertaken). Another case demonstrated alar 
notching (figure 2) and a hypertrophic scar de-
veloped in a third case. There was also a patient 
with complaints of nasal blockage on the side 
that had been surgically treated, partly owing to 
a preexisting anterior septal deviation. None of 
these patients considered revision at that time. 

Case 1 
A 43-year-old woman presented with an alar 

defect after complete tumor clearance, which 
was achieved with two Mohs sessions (figure 
1). Emotionally, she would not consider a na-
solabial flap because she did not want a pedicle 
on the face for three weeks or a possible scar 
on her cheek. Despite her use of methotrexate 
for rheumatic arthritis, we opted for the sim-
plest technique, which was secondary intention 
healing while supporting the free alar rim with 
a cartilage graft. Remarkably, there was little 
granulation tissue in the wound the first 12 days 
after surgery. Whether this was attributable to a 
lingering effect of methotrexate therapy, with a 
half time of 3-10 hours is not clear. However, 
normal healing took over and full epitheliaza-
tion was achieved at six weeks. After epitheli-
alization, further improvement of color, van-
ishing of skin differences and retraction were 

Figure 2.
A, Original defect on ala . B, Alar notching (arrow) of the reconstructed side of the nose.
C, Non-operated side of the nose

2A 2B 2C
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noted. Some redness of the scar remained at 
seven months. The patient was satisfied with the 
achieved outcome.

Case 2   
An 89-year-old man presented with a recurrent 
BCC of the right side of the nose (figure 3). 
Mohs excision was undertaken to ensure full 
tumor clearance. The resulting defect involved 
part of the ala, sidewall and tip subunits. A part of 
the alar cartilage was resected potentially lead-
ing to alar retraction. Because of the patients’ 
age and health status, along with his disinterest 
in aesthetics, reconstruction was performed us-
ing autogenous conchal cartilage to support the 
nasal sidewall in combination with secondary 
intention healing. Full epithelialization was seen 
at five weeks. The patient and doctor were sat-
isfied with the cosmetic outcome of the repair 
and the patient defaulted from follow-up after 
11 months.

diSCUSSion
Small superficial defects of the nasal alar region 
can be left to heal by secondary intention heal-
ing if the defects are small (< 1cm). Medium-
size superficial defects can be covered by full-
thickness skin grafts. If subcutaneous tissue is 
missing, a subcutaneous hinge flap from the 
cheek with or without cartilage can be used in 
combination to fill in the defect. Covering can 
be obtained by secondary intention healing or a 
skin graft.19 Large (> 1.5 cm) nasal alar defects 
need cartilage support and covering. Tradition-
ally, the external covering can be supplied by 
either a nasolabial flap or a forehead flap.19 Most 
often, an interpolated nasolabial flap is indicated 
for defects that are limited to the alar unit with 

Figure 3.
A, Original large defect on ala, sidewall and tip 
of the nose, also some tip cartilage was resect-
ed. B-D, Aesthetic result after 11 months, alar 
cartilage graft in free edge of ala extending up 
to the nasal tip has prevented alar retraction in 
this case.

3A 3B

3C

3D
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minimal lateral nasal wall involvement. Other-
wise, a forehead flap is indicated. Both an inter-
polated nasolabial flap and a forehead flap need 
a second stage to divide the pedicle. In addition 
to these covering options, the surgeon also needs 
to plan for possible alar retraction. As previous-
ly stated, it is a general surgical assumption that 
any defect within 5 mm of free alar margin is in 
need of a nonanatomically placed cartilage bat-
ten graft to prevent alar retraction.8, 20  
 Historically, all cartilage grafts have been 
covered by a good vascularized layer (skin flap 
or subcutaneous hinge flap) to prevent desicca-
tion necrosis.9, 19 Here in, we present a series of 
13 cases that were reconstructed using free car-
tilage implants partially left to heal by second-
ary intention. There were no cases of infection 
or cartilage loss. The majority of patients were 
satisfied with the aesthetic outcome, especially 
because there was little morbidity. However, 
there was a 23% risk of minor aesthetic faults 
in our series, which, if needed, can be repaired 
with minor revisions. This one-stage procedure 
represents a cost-effective and patient-friendly 
method, particularly in cases in which the pa-
tients accept compromizes regarding their cos-
metic appearance. 
 It is important that the free cartilage graft is 
partially buried in subcutaneous pockets. The 
uncovered central part of the graft may yield 
part of its blood supply from the well-buried 
vascularized remaining portion of the cartilage. 
We leave the perichondrium attached to the 
outer surface of the graft to help prevent des-
iccation and provide a bed for secondary inten-
tion healing. The perichondrium itself contains 
a vascular network,21 which may be responsible 
for the good survival rate. 

 Special attention is needed for proper place-
ment of the cartilage graft. The graft is 2 to 2.5 
cm in length and 0.75 to 1.5 cm in width and 
is usually obtained from the contralateral con-
chal cartilage. Laterally, the graft is secured in 
the soft-tissue pocket which is created towards 
the alar base; medially, the graft is secured to 
the caudal aspect of the alar cartilage, just lateral 
to the dome. The inferior margin of the graft is 
placed so as to support free alar margin. Great 
care is taken to obtain an adequate position and 
symmetry. It is important that the graft is blend-
ed well into the surrounding tissues to prevent 
visibility. Mattress-type sutures (fast-absorbing 
polyglactin 910 (vicryl) 4.0 or 5.0), tied in the 
nasal cavity, secure the graft in position and at-
tach the vestibular skin to the graft to enhance 
blood supply. 
 Proper wound care is of paramount impor-
tance for optimal wound healing. The main goal 
is prevention of graft and wound desiccation. 
After five to seven days of wound occlusion, our 
regime for wound care includes cleaning once 
to twice daily with tap water, coating with oint-
ment (fusidate) and covering with a nonadher-
ent wound dressing (Telfa®) to prevent excess 
crusting and desiccation.
 In case of deep tissue defects, the cartilage 
graft not only serves to buttress the alar side-
wall, but also fills in the defect and creates a nice 
convexity of the ala. In contrast to subcutaneous 
hinge flaps, no additional incisions are needed 
and there is no chance of effacement of the alar 
facial sulcus when the hinge point of the sub-
cutaneous hinge flap is not properly placed. In 
particular, more medially located defects are dif-
ficult to cover with pedicled subcutaneous tissue 
harvested from the medial check area.
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 Larger tissue defects, which possibly induce 
more wound contraction, may have a higher risk 
of alar notching and hypertrophic scar forma-
tion. These aesthetic faults should be weighed 
against the expectations of the patient and the 
morbidity of alternative reconstructions. Some 
older men and women are not particularly con-
cerned about aesthetics and mainly wish for 
tumor clearance and good function. Therefore, 
when the skin of the alar rim is 4 to 5 mm intact 
and the defect of the ala and/or sidewall does 
not extend beyond 12 mm, a cartilage graft in 
combination with secondary intention healing is 
a good option. In case of a large defect and intact 
alar rim, there are several possibilities; a nasola-
bial or forehead flap or a cartilage graft buried 
with a subcutaneous hinge flap, which is left to 
heal by secondary intention or covered with a 
full-thickness skin graft, can be used. 

ConClUSionS
We recommend using a free cartilage implant, 
placed in subcutaneous pockets of the ala, com-
bined with secondary intention healing as an 
alternative, simple, effective one-stage method 
of reconstruction, for relatively small but deep 
defects involving the alar subunit and nasal side 
wall of the nose, with little morbidity for the pa-
tient. 
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AbStrACt
objective
To describe the experience of a single 
department using uncovered subcutaneous hinge 
flaps to repair the nasal portion and adjacent 
facial subunits of defects following skin tumor 
excision.

design
Case series of 16 patients needing reconstruction 
for lesions of the alar subunit with one or more 
adjacent facial subunits following Mohs surgery 
for cutaneous neoplasms.

results
All flaps healed well by secondary intention, 
while the results were gauged as at least 
satisfactory by the patients and surgeons. In four 
patients there were minor aesthetic concerns: in 
one patient the underlying cartilage graft was 
prominent and a minor revision was undertaken, 
one patient had effacement of the nasofacial 
sulcus, one patient developed a hypertrophic 
scar and one patient developed both effacement 
of the nasofacial sulcus and a scar. 

Conclusions
The use of subcutaneous hinge flaps allowed 
to heal by secondary intention is an alternative, 
simple one-stage technique that may be useful in 
reconstruction of small but deep nasal sidewall 
defects.
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introdUCtion
Reconstruction of defects involving the lateral 
nasal sidewall, medial part of the cheek, nasal 
alar subunit and upper lip areas poses particular 
problems. This area has complex anatomical 
relationships, with a number of different facial 
subunits meeting in a small area. Each unit 
has different characteristics of contour, soft 
tissue thickness, skin color and texture. There 
may also be a natural sharp change in contour 
where these areas meet. If a defect occupies 
more than one of these subunits it is preferable 
to reconstruct each area separately so that 
reconstructive flaps or grafts do not span or 
disrupt important anatomical and aesthetic 
landmarks such as the supra-alar groove, 
nasofacial sulcus or melolabial crease. Because 
of the superficial nature of the nasal cartilages 
in this region, additional cartilage grafting may 
be needed to replace any local cartilage resected 
to ensure tumor margin clearance. In addition, it 
is wise always to place additional non-anatomic 
cartilage grafts to support the repair because 
without these there may be postoperative 
compromize to the nasal valve area or retraction 
of the alar rim. 1,2 Cartilage may also be valuable 
for replacing tissue bulk in deep wounds. This 
limits the possibilities of skin grafting because 
vascularized tissue is required to cover the 
cartilage.
 When a single defect encompasses more 
than one of the anatomic facial subunits, the 
reconstruction may need to include tissue to fill 
a small defect of one of the subunits. The value 
of subcutaneous hinge flaps in the reconstruction 
of the nasal portion of such defects have been 
described and reviewed by Johnson et al.3 and 
by Baker.4 They recommend repairing the nasal 

portion of the defect by using a fat flap (and if 
necessary fat/muscle composite) from the medial 
part of the cheek. These flaps, which are hinged 
in the area of the nasofacial sulcus, allow filling 
of the deep soft-tissue defects often found after 
Mohs excisions in this region. The technique 
also allows free conchal cartilage grafting to 
provide support if necessary.  The cheek portion 
of the defect is then addressed separately using 
a cheek advancement flap.  According to Baker,4 
the skin from the Burow triangles needed to 
allow the cheek advancement may be used as 
full-thickness skin grafts (FTSG) to cover the fat 
flap.  In his discussion, Baker suggests that such 
subcutaneous fat hinge flaps might be amenable 
to healing by secondary intention should no 
skin be available to cover them. However, the 
two published series reporting the use of this 
technique both utilized FTSG to cover the hinge 
flaps.3,5

 We analyzed a series of 16 patients in whom 
reconstruction of Mohs surgery defects in the 
nasal area was successfully performed with a 
subcutaneous hinge flap, leaving it uncovered 
and allowing cutaneous healing to occur by 
secondary intention as suggested by Baker. 4

mEthodS
This study involves nine women and seven men 
(median age, 68 years; range 44-79 years) with 
resection of non-melanoma skin cancer. (table) 
The resulting defects all involved a portion of 
a subunit of the nose (sidewall or alar areas). 
Some involved the medial part of the cheek 
and, in addition, a portion of the top lip unit 
(figure 1). The nasal defects were all relatively 
small (10-20mm) but were often deep, although 
not involving nasal lining. Reconstruction was 
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Table. Patient and wound characteristics. * 

          

    % of wound in each facial unit   

Pat. No. Sex, age Tumor 

Prim./ 

Recur.  Ala  

Nasal 

sidewall 

Medial 

cheek  

Upper 

lip, lat. 

subunit  

Cheek 

advance

ment 

Follow-

up  mo. 

1 F, 49 BCC Prim. 10 90   No 24 

2 F, 49 BCC Prim. 40 60   No 5 

3 M, 54 BCC Recur. 20 50 30  Yes 17 

4 M, 44 BCC Prim. 80  20  No 7 

5 M, 71 BCC Prim. 20 80   Yes 65 

6 F, 79 BCC Recur. 10  40 50 Yes 12 

7 M, 54 BCC Prim. 20 80   Yes 9 

8 M, 68 BCC Prim. 80 20   No 5 

9 F, 68 BCC Recur. 20 70 10  Yes 11 

10 M, 71 BCC Prim. 25 10 60 5 Yes 5 

11 F, 79 BCC Prim. 20  50 30 Yes 46 

12 F, 63 BCC Prim. 10 80 10  No 13 

13 F, 74 BCC Prim. 30 70   Yes 8 

14 F, 72 BCC Prim. 30 30 30  Yes 9 

15 M, 74 SCC Recur.  90 10  Yes 6 

16 F, 54 BCC Prim. 20 80   No 51 

 

* All patients underwent autogenous cartilage grafting. 

BCC = basal cell carcinoma; SCC = squamous cell carcinoma 
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undertaken in a modular fashion, addressing 
each subunit individually. Typically, all nasal 
defects were reconstructed with an uncovered 
subcutaneous hinge flap, and the cheek defect 
repaired with a medial cheek advancement flap.
 The size and depth of the nasal defect were 
first assessed (figure 2A). Autogenous free ear 
cartilage grafting was undertaken to replace 
any resected cartilage and to give support in a 
nonanatomic fashion for the alar rim and nasal 
valve (figure 2b, arrows). A skin incision made 
lateral to the defect in the melolabial crease 
allows undermining of the cheek to raise a skin 
flap. (figure 2C) The subcutaneous tissue was 
exposed and a hinge flap was marked out lateral 
to the defect. The subcutaneous fat flap was 
raised from lateral to medial, leaving the pedicle 
intact in the nasofacial sulcus area on which 
the flap was hinged into the deep nasal defect, 
similar to turning over a page in a book (figure 
2d). The flap was raised at a depth estimated to 

fill most of the resulting nasal defect after the 
cartilage grafting, while leaving an adequate 
pedicle thickness for vascular supply. The skin 
surrounding the original defect is undermined to 
allow the fat flap to be tucked in under the margin 
on all sides. A number of absorbable tacking 
sutures was placed between the surrounding skin 
of the nose and the superficial surface of the fat 
flap to help smooth the contour between these 
areas and avoid any depressions following re-
epithelialization. Subsequently, the cheek skin 
was advanced medially in the standard manner 
to specifically repair the cheek portion of the 
wound. (figure 2E) Up to this point, part of the 
bare fat flap had been covered with the cheek 
flap as well. Care was taken when anchoring 
the cheek flap at the nasofacial groove area 
not to compromize the vascularity of the hinge 
flap’s pedicle. The subcutaneous tissue flap was 
dressed with fusidic acid ointment and allowed 
to heal by secondary intention. figures 2f, 2g, 
and 2h show the postoperative appearance.
We illustrate the technique with two typical 
cases:

CASE 1 
A 54-year-old male (patient three in the table) 
presented with a recurrent basal cell carcinoma 
of the left side of the nose. Mohs excision was 
undertaken to ensure full tumor clearance. Of 
the resulting defect, 20% involved the nasal alar 
subunit, leaving the alar rim intact at a height of 3 
to 4 mm (this was 40% of the alar subunit), 50% 
involved the nasal side wall, and the remaining 
30% involved the medial part of the cheek 
(Figure 2).  Reconstruction was undertaken with 
the use of autogenous conchal cartilage covered 
by a subcutaneous hinge flap. The cheek defect 

Figure 1.  Number of defects involving different 
nasal and facial subunits
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2C 2D

2E 2F

2G 2H

Figure 2. Reconstruction of the nasal defect in patient 3. A, Original defect, mainly of the nasal side 
wall. B, Two pieces of autogenous cartilage (arrows) are placed in the defect to give support, in a 
nonanatomic fashion, to the alar rim and nasal valve. C, A skin incision is made in the nasofacial 
groove above and in the melolabial crease below the defect. D, The subcutaneous hinge flap. E, Sub-
cutaneous hinge flap is in position and the remaining defect can be left to secondary intention healing. 
F, Postoperatively, the cheek skin extends onto the nasal sidewall, with some minor effacement of the 
nasofacial groove. G and H, additional postoperative views. 

2A 2B
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Figure 3. Aesthetic result of reconstruction of a lesion mainly on the alar subunit in patient 4.

3A 3B

3C 3D

was repaired with a cheek advancement flap, and 
the exposed fat flap allowed healing by secondary 
intention. Full epithelialization was seen at four 
weeks.  The patient was entirely satisfied with the 
cosmetic effect of the repair and defaulted from 
follow-up after 17 months.

CASE 2 
A 44-year-old healthy man (patient four in the Table 
and figure 3) presented with a primary basal cell 
carcinoma of the left side of the nose. After Mohs 
excision, 80% of the defect involved the alar subunit 
and 20% involved the lateral nasal wall. The depth 

of the defect was approximately 3 to 4 mm. Because 
the defect was less than 5 mm from the free alar 
margin, an autogenous cartilage graft was taken 
from the cymba conchae and positioned in the 
alar subunit while filling the defect. In this way, 
contraction of the alar rim is prevented and a good 
contour of the ala was achieved. The cartilage was 
covered with a subcutaneous hinge flap and left to 
heal by secondary intention. To preserve the supra-
alar groove, no cheek advancement was used. The 
patient and physician were satisfied with the result 
after seven months. There was still some redness of 
the scar, but this will improve over time.
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rESUltS
In all 16 cases there was successful 
reepithelialization by secondary intention.  This 
was normally complete by four to six weeks. 
Both patient and physicians assessed the results 
as either good or satisfactory. Follow-up in these 
patients ranges from five months to 65 months, 
with a mean of 20 months. 
 A suboptimal cosmetic result was seen in 
patient 12 (figure 4). A 63-year-old diabetic 
woman presented with a primary basal cell 
carcinoma of the lateral part of the nose. After 
Mohs excision, 80% of the defect was on 
the nasal sidewall, 10% on the medial cheek 
and 10% on the alar subunit. Reconstruction 
involved only autogenous cartilage grafting and 
subcutaneous fat hinge flap. The adjacent cheek 
skin was elevated only to allow the hinge flap to 
be raised. The cheek skin was then replaced in the 
same position. Healing by secondary intention 
was allowed. At 13 months of follow-up, the 
patient still had a hypertrophic scar. Although 
the result was considered good, some degree 
of dissatisfaction remained because of the scar 
formation.  
 In total, four patients had minor cosmetic 
problems. In one patient (from early in the series) 
the underlying cartilage graft was prominent 
because of overretraction, and a minor revision 
was undertaken. One patient had obvious 
effacement of the nasofacial sulcus, possibly due 
to placement of cheek tissue onto the nasal side 
wall. One patient developed a hypertrophic scar 
(figure 4b) and one patient had effacement and 
hypertrophic scar formation together (figure 
5; patient 14). In the latter patient, cheek tissue 
that was brought medially contributed to the 
effacement of the nasofacial sulcus. None of 

these patients considered revision at last follow-
up.

diSCUSSion
Reconstruction of defects in the region of the 
supra-alar groove poses particular problems.  
Various aesthetic units and subunits are 
contiguous in this area, and the contours of 
the tissues change abruptly between them.  
Reconstructions involving single pieces of tissues 
spanning these borders can efface the natural 
sulci and look both unnatural and unaesthetic. 
Consequently, it has become common practice 
to reconstruct defects spanning such boundaries 
in a modular fashion, addressing that portion 
of the defect in each aesthetic unit separately. 
This maintains the natural sulci and allows 
camouflage of suture lines in the natural borders 
of light and shade seen between different units 
and subunits.  Generally this makes for a more 
pleasing cosmetic end result.  
 In lesions of the lower and lateral parts of 
the nose, a single defect may encroach on more 
than one subunit and so require a number of 
reconstructive techniques to be undertaken in 
a small anatomic area. These defects are also 
quite deep. In addition to the surface covering, 
it is vital to consider the structure and function 
of the underlying cartilage, which may be 
very superficial and may be involved with the 
resection. As well as playing a part in the contour 
of the nasal tip, the cartilage gives structural 
support to the nasal valve, and provides 
structure to the nasal alar margin in order to 
resist retraction. The necessity of nonanatomic 
cartilage grafting in reconstructions of this area 
has been well documented previously.1, 2 The 
need of free cartilage grafts in this area excludes 
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4A

4B 4C

Figure 5. Effacement of the nasofacial groove 
and hypertrophic scar formation in patient 14.

Figure 4. Result of  reconstruction of a large lesion in diabetic patient (patient 12). A, preoperative 
view of the lesion. B and C,  postoperatively, a hypertrophic scar developed.
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the use of free skin grafts alone and necessitates 
the use of a vascularized cartilage covering.
 A lesion of the nasal alar subunit can be 
traditionally reconstructed by means of a 
melolabial flap. This can be accomplished as 
either an interpolated or a transposition flap. An 
interpolated melolabial flap will be wide enough 
to replace alar tissue alone and would not be of 
use in situations where there is a concomitant 
nasal sidewall or cheek defect.  In addition, where 
lesions extend into the cheek, an interpolated 
melolabial flap may be impossible as its pedicle 
will be disrupted by the cheek advancement flap 
necessary to reconstruct the cheek portion of the 
defect. A second-stage procedure is necessary 
to divide the flap’s pedicle if an interpolated 
flap is used. In contrast, if a melolabial flap is 
used as a local transposition flap, no second 
stage is necessary and a larger area of tissue 
can be reconstructed, but this technique may 
blunt the naso-facial sulcus and the result may 
be unaesthetic. Another possibility for larger 
defects of the alar area might be a forehead 
flap. This procedure requires the use of at least 
two stages and will result in a forehead scar. 
Many patients and surgeons believe that this 
technique may cause unnecessary morbidity for 
the repair of a defect often measuring 10-20 mm 
in diameter. 
 Subcutaneous hinge flaps were described by 
Baker4 more than ten years ago, but literature 
regarding them is sparse. They are proposed 
to be a useful option where there is a small 
but also deep lesion of the lower or lateral part 
of the nose in conjunction with a contiguous 
cheek defect. The subcutaneous hinge flap is 
used to repair the nasal portion of the defect, 
and cheek advancement is easily performed to 

address the cheek portion. It has been suggested 
that the hinge flaps may be either covered with 
full-thickness skin grafts or left open to heal 
by secondary intention. Two series have been 
published previously showing good results with 
the subcutaneous flaps covering units of defects 
with skin grafts. 3,5  
 In our series of 16 cases reconstructed with 
uncovered subcutaneous hinged fat flaps, the 
areas healed well by secondary intention in all 
patients. There were no cases of infection or flap 
failure. Most of the patients were satisfied with 
the end cosmetic effect of their treatment while 
only one needed revision surgery. However, three 
types of aesthetic problems were delineated. To 
prevent effacement of the nasofacial groove, 
it is important to take the cheek advancement 
up to, but not over, the nasofacial groove area. 
Furthermore, the risk of effacement is decreased 
if the pedicle is not too thick and the hinge 
point is placed medially enough. To prevent 
hypertrophic scarring, reconstruction of a large 
defect may be facilitated by the combination of 
the subcutaneous hinge flap and a skin graft. 
Obviously, cartilage grafts need to be placed 
meticulously to prevent visible edges.
 Our results indicate that the technique of 
uncovered subcutaneous hinge flaps is a simple, 
useful one-stage method of reconstructing small 
but deep defects involving the lower part of the 
nose and medial cheek area.
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AbStrACt
objective: 
To assess the survival of full-thickness skin 
grafts and perichondrial cutaneous grafts when 
placed on subcutaneous soft tissue flaps used in 
nasal reconstruction.

methods
Twenty-eight patients with nasal defects second-
ary to basal cell carcinoma excision were includ-
ed. Clinical information, including case notes 
and photography, was obtained and analyzed. 
Graft survival was assessed in relation to type of 
graft and subcutaneous soft tissue flap employed 
for the reconstruction.

results
Overall graft survival was 79%, with 89% and 
74% for perichondrial cutaneous graft and full 
thickness skin grafts respectively. Anecdotally, 
procerus and nasalis flaps were found to yield 
higher graft survival than cheek fat flaps.

Conclusion
The combination of subcutaneous soft tissue flap 
and skin graft cover offers a valuable addition to 
the treatment algorithm for nasal reconstruction 
following cutaneous malignancy excision.
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introdUCtion
Reconstruction of defects of the nose can be chal-
lenging. The goal is to achieve both an excellent 
cosmetic and functional outcome. The surgical 
options for this include healing by secondary in-
tention, primary closure, local flap repair or skin 
grafting. Each has benefits and pitfalls, which 
need to be weighed up prior to decision-making. 
This paper concentrates on full-thickness skin 
grafting in combination with a subcutaneous soft 
tissue flap to provide bulk and aid graft take. 
 The full-thickness skin graft (FTSG) remains 
a workhorse for nasal reconstruction. Together 
with the perichondrial cutaneous graft (PCCG) it 
can be used for either restoration of skin defects 
or replacement of missing lining in full thickness 
nasal defects. It provides a simple, one-stage so-
lution for nasal defects. However, there are limi-
tations. Traditionally, skin graft resurfacing has 
been considered contraindicated for defects that 
are deep and/or lack an adequate vascular bed. 
This can be overcome with the employment of a 
pedicled subcutaneous soft tissue flap (SCSTF) 
hinged to offer volume as well as to fill the de-
fect and a vascular bed onto which a skin graft 
may be applied.1 For centrally located nasal de-
fects, nasalis muscle can be used as the SCSTF,2 
whereas defects on the lower lateral side of the 
nose or ala may be filled with soft tissue har-
vested from the adjacent cheek area.1,3,4 Deep le-
sions on the upper third of the nose can be filled 
with soft tissue and muscle harvested from the 
glabella region. The defect, once filled with the 
SCSTF, may be left to heal by secondary inten-
tion or resurfaced with a skin graft.5 This combi-
nation of SCSTF and skin grafting has versatility 
for application in a large number of cases where 
a traditional skin flap alone would not be ideal. 

Using this technique, even relatively large de-
fects can be reconstructed in a straightforward, 
one-stage procedure. 
 This paper draws attention to the combina-
tion of FTSG or PCCG with a vascularized sub-
cutaneous soft tissue hinge flap in nasal recon-
struction of deep skin defects following cutane-
ous carcinoma excision. Surgical techniques and 
results of a case series are presented.

mEthodS
Patients 
This series describes 28 consecutive cases of 
nasal reconstruction using combination SCSTF 
and either FTSG or PCCG in 28 patients (ten 
males, mean age 72). All defects were confirmed 
basal cell carcinoma, 20 were Mohs excisions 
with immediate reconstruction while eight  were 
‘rush paraffin sections’ with reconstruction ap-
proximately three days later when histology was 
confirmed. All patients were examined at seven 
days after surgery to assess graft viability. This 
was graded as success, partial failure and total 
failure. Failure was assumed to have occurred if 
the graft became blackened at day seven review 
after surgery. In these cases closure by second-
ary intention was ensured by regular follow-up. 
No revision grafting was required. The nature of 
the SCSTF was determined by the location of 
the skin defect, with upper-third lesions employ-
ing a procerus/glabella flap, mid-third lesions, 
a nasalis flap and lower-third/lateral lesions a 
cheek advancement flap. Skin defects were pho-
tographed with a ruler in shot to allow calcula-
tion of defect area. Follow up ranged from one 
to 68 months, with a median of 8.5 months and 
a mean of 11.



126

1A 1B

1C 1D

1E 1F

Figure 1
Procerus muscle flap:
A- Deep nasal defect following Moh’s excision. B,C- Procerus transposition flap elevated and posi-
tioned into recipient site. D,E- Flap sutured in place and FTSG applied. F- Result at seven months
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Surgical technique
The surgical technique employed for nasal re-
construction in this paper combined subcuta-
neous soft tissue local flaps (SCSTF) hinged 
into the defects with either full thickness skin 
graft (FTSG) or perichondrial cutaneous graft 
(PCCG) for defect coverage. Subsequently, the 
choice of SCSTF was determined by the loca-
tion of the lesion on the nose with the donor 
graft chosen according to the recipient site skin 
characteristics.

Procerus muscle flap for upper third cephalic 
dorsal defects
For deep defects over the dorsum of the upper 
third of the nose, soft tissue can be harvested 
from the glabella region. This has the benefit of 
having a vascularized pedicle with robust sup-
ply. The flap constitutes the procerus muscle 
combined with subcutaneous tissue and is vas-

cularized by the dorsal nasal branch of the angu-
lar artery. Skin incisions to allow access to the 
procerus muscle are made preferably in the re-
laxed skin tension lines. This usually results in a 
broken incision ideally to prevent untoward scar 
contraction obliterating the naso-frontal angle. 
Once the procerus is mobilized, it can be hinged 
or rotated into the dorsal defect. The donor site 
can be closed primarily and appropriate FTSG/ 
PCCG harvested to cover the remaining defect. 
This technique is demonstrated in figure 1.

nasalis muscle flap2 for mid third nasal
defects
The Superficial Musculo Aponeurotic System of 
the nose (SMAS) can usually be readily identi-
fied through the primary defect or by dissec-
tion beneath the dermis along the lateral surface 
of the nose. The SMAS contains the transverse 
and anomalous nasalis muscles (figure 2). The 

Figure 2. Intrinsic muscles of the nose. Nasalis and procerus can be utilized in SCSTF for bulk and to 
provide vascular bed.
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SMAS including the contained muscles is dis-
sected free of the overlying dermis and the un-
derlying mobile anomalous fascia layer by sharp 
dissection, paying close attention to maintain an 
adequate vascular pedicle. The nasalis muscle can 
be mobilized from superior to inferior as a simple 
hinge flap, and secured in place with absorbable 
sutures. Alternatively, extra mobility and length 
can be achieved (such as for dorsal and supratip 
tip defects) by adapting the design of the soft tis-
sue flap and sliding it into the defect.2 The defect, 
with soft tissue flap in place, can then be covered 
with FTSG or PCCG as described above. This 
technique is demonstrated in figure 3. 

Subcutaneous hinge Cheek flap for lower 
third nasal defects.1,5,6  

This flap is most commonly used to repair small  
but deep skin and soft tissue defects of the ala 
and lateral nasal wall or the melolabial junc-
tion. Subcutaneous tissue, usually fat with some 
deeper muscle from the cheek and cephalic por-
tion of the melo-labial junction is elevated as a 
hinge flap based medially. The flap is turned like 
a page in a book to fill the internal nasal portion 
of the defect and tacked in place with dissolv-
able sutures. The melo-labial incision necessary 
to develop the soft tissue flap is closed primarily. 
A FTSG or PCCG can be secured onto the hinge 
flap to complete the nasal repair. Possible donor 

Table 1. Donor site for grafting in relation to recipient defect site. 
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auricular 

Perichondrial-

cutaneous (ear) 
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Table 2. The subcutaneous soft tissue flap (SCSTF) utilized in relation to recipient defect site. 
 

Subcutaneous soft tissue flap (SCSTF)  

Glabella/ procerus muscle Nasalis muscle Cheek fat flap 
 

Upper Third 
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Mid Third  8  Recipient site 

Lower third 
 

 4 10 

 
 



129

3A 3B

3C 3D

3E 3F

Figure 3
Nasalis Muscle Flap: 
A- Nasal defect in patient following Mohs surgery. B- To create a muscle flap, a releasing incision 
has been performed for approach along the aesthetic border of the left dorsal to lateral nasal wall 
junction. Nasalis muscle flap developed from superior to inferior is hinged in to the defect. C- As the 
patient had thin skin the donor side volume deficit was compensated for by a small deep temporalis 
fascia graft. E- The remaining surface defect was covered with FTSPG from conchal bowl . E,F- Re-
sults at 11 months
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Figure 4
Cheek advancement fat flap.
A- Lateral lower third nasal defect. B- Autologous cartilage graft is inserted to support the lateral 
nasal wall and ala with soft tissue hinge flap from adjacent check region overlying. C- Meshed  skin 
graft applied. D- Note partial failure of skin graft with healing by second intention. E,F- Final cos-
metic result.
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 Table 3. Graft survival in relation to defect site. 

Graft Survival   

Success Partial Failure Total Failure 

 
Upper Third 

 
5 

  
1 

Mid Third 8   
Recipient site  

Lower Third 9 2 3 

 
Table 4. Graft survival in relation to donor tissue type.  

Graft Survival  

Success Partial Failure Total Failure 

 
PCCG 

 
9 

  
1 

Graft type 
FTSG 

 

13 2 3 

sites include the conchal bowl, melo-labial fold, 
forehead and supraclavicular region. Skin col-
or, texture and thickness vary according to site 
so the donor site is chosen with respect to skin 
characteristics at recipient site. The graft is then 
harvested, trimmed, and sutured in place with 
6-0 absorbable sutures. A small bolster dressing 
is secured over the repair with steristrips. This 
technique is demonstrated in figure 4.

results
tables 1 and 2 summarize the donor sites and 
reconstructive details of the 28 cases described 
in this paper. The mean size of defects following 
lesion excision was 1.5cm2, with 21% of the le-
sions being in the upper third of the nose (n=6), 
29% (n=8) in mid third of nose and half (n=14) 
in the lower third. Although not prescriptive, up-
per, mid and lower third lesions were generally 
reconstructed with procerus, nasalis and cheek 

flaps respectively. The exceptions were the nasal 
tip lesions for which a modified nasalis flap was 
employed to fill the defect. 

graft survival
table 3 summarizes the graft survival in respect 
to recipient site. Overall graft success was 79% 
(n=22), with 7% (n=2) partial epidermolysis and 
14% (n=4) total failure. Of the partial and total 
failures, five were involved with the cheek flap 
while one was with the procerus/glabella flap. 
However, the glabella FTSG was viable at one 
week and failed at three weeks. This late graft 
failure remained unexplained. No nasalis flap 
related graft failures occurred.table 4 summa-
rizes the graft survival in respect to graft type. 
PCCG graft survival is better than FTSG, 90% 
versus 72% (9/10 vs 13/18).
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Cosmesis
No objective measure of cosmetic outcome was 
performed. However, subjectively it was deemed 
to be good by both surgeon and patient. The deep 
recipient wound beds were ‘plumped up’ by 
the soft tissue flaps ensuring excellent contour-
ing of the graft in the follow-up period. When 
considering the graft failures, no further revision 
was considered necessary by either surgeon or 
patient. All patients were satisfied with the cos-
metic outcome of surgical reconstruction.

diSCUSSion
Nasal defects following tumor excision are chal-
lenging to reconstruct. Many options lay open 
to the surgeon, but tumor clearance, patient co-
morbidity and patient expectations should be 
considered when planning reconstruction. The 
reconstructive options include closure by sec-
ondary intention, primary closure, loco-regional 
skin flap or skin grafting. Each technique has its 
advantages and disadvantages and, not surpris-
ingly, there is no definitive correct technique. 
Algorithms have been suggested to aid the sur-
geon7, but patient factors and surgeon experi-
ence should influence the reconstructive method 
chosen. In addition, the defect size, depth and 
location as well as skin status (thickness, relative 
excess) and availability of matching donor site 
skin must also guide the choice of reconstruction 
adopted.8 
 The residual skin reservoir over the nose after 
tumor excision may limit the possibility for local 
flaps, leaving the surgeon to contemplate either 
skin grafting or more complicated multi-stage 
flap reconstruction. This paper demonstrates that 
good results can be achieved with a relatively 
straightforward single stage-procedure. Advo-

cates of this technique describe the benefit of a 
good vascular bed supplied by the soft tissue flap 
in not only giving optimum conditions for graft-
ing but also for bulking out deep defects and im-
proving reconstructive contouring.1,2 

donor site choice
Actinic change is an important factor to bear in 
mind when nasal reconstruction is being con-
templated. A heavily sun damaged nose may not 
be suitable for local flap reconstruction due to 
the increased risk of a second primary malignan-
cy in addition to tumor recurrence. In these cas-
es, moving healthy skin in from a distant donor 
site may be advantageous. The donor site need 
to be chosen with care. Skin color, thickness and 
texture should be considered to optimize a good 
tissue match but tissue availability and the clo-
sure of donor site needs to be taken into account 
also. table 5 demonstrates the characteristics 
of common donor graft sites. PCCG is the ideal 
choice when wound retraction is to be kept to 
a minimum. Harvesting is easy and the donor 
site can be left to heal by secondary intention 
once punch grafts through conchal cartilage are 
used to hasten granulation. However, healing, 
although almost invisible, takes several weeks 
to occur. 

graft Survival
Van der Eerden et al. have documented im-
proved survival rates with PCCG over FTSG 
(94% versus 86%), but due to small numbers, 
the results were non-significant. The authors, 
however, expressed this trend and the ease with 
which the donor site can be managed as a reason 
to favour PCCGs as donor material of choice.9

 Data on the survival of FTSG is well docu-
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Table 5. Advantages and disadvantages of donor graft sites. 
 

 
  Advantages 

 

 Disadvantages 

 

Perichondrial cutaneous graft 

 

-Good color match  

-Resists contraction 

-Simple donor site management 

 

 

-Limited tissue reservoir 

-Slow conchal bowl healing 

-Precludes use of conchal cartilage in future 

 

Post-auricular graft -Large tissue reservoir 

-Hidden scar 

 

-Poor color match

Pre-auricular graft -Good color match

 

-Limited tissue reservoir 

-Visible scar 

 

Supra-clavicular graft -Abundant tissue reservoir 

 

-Poor color match

-Visible scar 

 

Melo-labial graft -Good color match - Scar can leave asymmetric groove  

mented. Multiple studies report ranges from 70 
to 95%.10-13 These rates were comparable to a 
previous study from our center, which showed 
a survival rate of FTSG of 86%.9 However, lit-
erature is sparse on the survival of skin grafts on 
reconstructive flaps. Only three studies in litera-
ture address survival rates of FTSGs and PCCGs 
placed over local flaps. Menick reported a 70-
80% ‘take’ rate on the under-surface of forehead 
flaps14 whilst Keck et al. report the survival rates 
of composite chondro-cutaneus auricular grafts 
applied to skin flaps in nasal lining reconstruc-
tion as 84% (16/19).15 A third study used FTSG 
over nasalis flaps in nasal reconstruction. This 
group reported no complete failures, but 8% 

partial epidermiolysis (2/26).2

 The overall survival rate of skin grafts on SC-
STF in this paper, excluding grafts with total and 
partial loss, is 79%. However, the trend towards 
improved survival of PCCG over FTSG is again 
demonstrated in this paper with survival rates of 
90% and 72% respectively. These results must 
be taken in context with the small sample sizes 
and the variability of the underlying SCSTF em-
ployed. 
 The survival rate of FTSG in this paper is 
seen to be lower than the 86% reported by the 
same center for general use. This is due to the 
more complex defects requiring reconstruction 
in this paper and the need for additional tissue 
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(FTSG). One could argue that the use of FTSG 
opens up an increased application of skin graft 
use. It is worth noting that the SCSTF types used 
in this paper varied in their effectiveness. Graft 
failures were increased with the cheek flap, sug-
gesting inferior graft bed nutrition when com-
pared with nasalis and procerus muscle flaps. 
However, due to the small numbers in this study, 
this finding must remain anecdotal. 
 The relative increased failure rate of Cheek 
SCSTF aside, the authors feel that FTSG/PCCG 
can be applied on flaps with reasonable confi-
dence. As demonstrated, this opens up a whole 
range of alternative possibilities in nasal recon-
struction where deficient graft beds, convex na-
sal areas and large deep defects have tradition-
ally ruled out skin grafting as a closure option.

Application of SCStf with graft 
For complete tumor clearance, removal of un-
derlying periosteum/ perichondrium may be re-
quired, leaving a deep defect with a relatively 
avascular base. In these circumstances, skin 
grafting is traditionally contra-indicated due to 
high graft failure and poor aesthetic contouring. 
More recently, however, it has been postulated 
that bare cartilage can make up 50% of recipi-
ent bed before graft vitality is compromized.16 
In these circumstances, if a graft is the preferred 
closure option, the denuded surface can be made 
suitable by either leaving the surface to granu-
late before applying a graft11 or by employing a 
SCSTF repair. The former method, although the 
simpler, significantly delays the completion of 
the surgical pathway and is therefore less desir-
able.

 More extensive tumor clearance may result 
in loss of underlying bone and cartilage, or even 
a full-thickness nasal defect. For the former, 
incorporating a SCSTF can allow single stage 
cartilage grafting. This can be achieved by plac-
ing a structural cartilage graft into the defect 
base, covering this with a SCSTF and then a 
FTSG/ PCCG. This is a valuable technique in 
the lower third of nose where ala collapse can 
lead to unacceptable functional results. For full-
thickness defects, a simple trapdoor, turn-in flap 
with graft17 could be used or for larger defects a 
forehead flap with skin grafting for lining.14,18

 In a previous paper the authors focused on 
concave lateral nasal wall defects and showed 
that coverage of the SCSTF with FTSGs/ PCC-
Gs is not always necessary. Indeed, good results 
can be achieved by leaving the exposed SCSTF 
to heal by secondary intention once a soft tis-
sue flap is in place5. However, this current study 
focuses on a different sub-type of nasal defect, 
namely large defects and defects located in con-
vex nasal areas. Coverage of the SCSTF with a 
FTSG/PCCG in these cases yielded more pre-
dictable and natural results. Although FTSG/
PCCGs on SCSTF do well it must be accepted 
that 14% failed completely. One would expect 
these failures to heal badly by secondary inten-
tion due to larger size and convexity of defect 
bed. However, in these graft failures, healing by 
secondary intention has still been surprisingly 
adequate. It could be postulated that if a SCSTF 
had not been employed in these larger and con-
vex defects, then graft failures would have re-
sulted in deep recipient beds where healing by 
secondary intention would leave an unaccept-
able cosmetic and functional defect prompting 
revision surgery. 
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ConClUSion
This paper demonstrates that subcutaneous soft 
tissue flaps with either full-thickness skin grafts 
or perichondrial cutaneous grafts allow reliable 
and simple reconstruction of significant defects 
of the dorsum, side wall and lower third of the 
nose in a single-stage procedure. This technique 
is versatile enough to be used in the reconstruc-
tion of deep defects with poor vascularity and/or 
structural loss and should therefore be consid-
ered an important part of the closure algorithm 
in such cases.
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AbStrACt
objective/hypothesis
To compare the reliability of three different pedicle 
designs of the forehead flap (classic paramedian-, 
glabellar paramedian- and hybrid midline design) 
and evaluate the complications, functional and aes-
thetic results of reconstruction of large or complex 
nasal defects

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

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

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

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

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

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

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

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

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

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

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

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

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

1B1A
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is, but superficial to the m. corrugator. The ar-
tery then passes just medial to the eyebrow and 
pierces the frontalis muscle to lie in a superficial 
subcutaneous plane about the eyebrow level.8 
The vertical subcutaneous course of the supra 
trochlear artery is approximately 1.5- 2 cm from 
the midline.8 However, there is controversy over 
the exact location of the supratrochlear artery 
pedicle. Another study suggests a more medial 
location of the supra trochlear artery.24 Echogra-
phy and anatomic dissection supported the clini-
cal evidence that a forehead flap can be based on 
a pedicle centered on the glabellar crease which 
lies as a mean 10.9 mm from the midline.24 The 
artery delineated, in this study, as the supratroch-
lear artery runs 5 to 13 mm from the midline and 
lies more medial than previous radiological and 
anatomic studies have suggested.8 This type of 
pedicle placement would lead to a flap with a 
superior forehead donor side, which abuts the 
midline. 
 Kleintjes et al10 performed an extensive ca-
daver study on 60 hemi-heads, filling the arterial 
system with latex solution. In about two-thirds 
of these 60 hemi-heads the four arteries of the 
midface/forehead region could be made visible. 
(43 x supratrochlear, 43 x supraorbital,  45 x 
angular artery, 43 x dorsal nasal). The angular 
artery could be located in a vertical line about 
5 mm medial to the medial canthal vertical line, 
communicating with the supratrochlear artery, 
infratrochlear artery and a paracentral artery. If 
the dorsal artery was visible, consistent vascular 
supply of the mid forehead region was found by 
a branch of the nasal dorsal artery, the so-called 
central artery. This central artery supplied the 
glabella and the lower two-thirds of the central 
forehead (figure 1).

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

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

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

We have almost exclusively used three types of 
forehead flaps:  

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

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

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

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

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

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

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

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

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

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

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

   

Classic 

Paramedian 

Glabellar 

Paramedian 

Hybrid 

Midline Total 

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

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

       

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

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

      

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

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

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

       

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

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

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

       

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

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

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

   

Classic 

Paramedian 

Glabellar 

Paramedian 

Hybrid 

Midline Total 

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

       

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

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

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

      

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

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

       

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

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

       

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

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

      

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

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

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

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

      

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

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

      

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

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

       

 

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

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

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

       

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

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

      

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

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

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

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

      

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

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

      

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

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

       

 

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

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

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

Table 3. Patients with (partial) flap necrosis. 

 Patient 1 Patient 2 Patient 3 

m/f f f f 

Age 57 56 78 

Vascular disease x - x 

Smoking x x - 

Diabetic x - x 

Full-thickness defect - - - 

Classic paramedian design  x  

Glabellar paremedian design x  x 

Phase of necrosis 2e 2e 1e  

Site of flap necrosis cephalic cephalic caudal 
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4A 4B

4C

4F4E

4D

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

Necrosis   No Yes p-value 

   N = 297 N = 3  

      

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

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

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

     

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

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

     

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

 Yes  49 (96%) 2 (4%)  

 Missing  44 (15%) 0 (0%)  

      

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

 Yes  17 (89%) 2 (11%)  

 Missing  43 (14%) 0 (0%)  

      

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

 Yes  42 (98%) 1 (2%)  

 Missing  42 (14%) 0 (0%)  

      

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

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

      

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

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

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

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

5D5C

5B

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

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

 

  Classic 

Paramedian 

(34) 

Glabellar 

Paramedian 

(140) 

Hybrid 

Midline 

(53) 

 Total Full-Thickness 

Defect  

(76) 

       

Brow position Good 

Bad 

33 (97%) 

1 (3%) 

138 (99%) 

2 (1%) 

52 (98%) 

1 (2%) 

223 (98%) 

4 (2%) 

74 

2 

       

Tip position Good 

Bad 

30 (88%) 

4 (12%) 

135 (96%) 

5 (4%) 

52 (98%) 

1 (2%) 

217 (95%) 

10 (5%) 

68 (89%) 

8 (11%) 

       

Alar retraction No 

Yes 

31 (91%) 

3 (7%) 

135 (96%) 

5 (4%) 

53(100%) 

0 

219 (96%) 

8 (4%) 

68 (89%) 

8 (11% 

       

Alar thickness Equal 

Thicker 

Thinner 

20 (59%) 

13 (38% 

1 (3%) 

84 (60%) 

55 (39%) 

1 (1%) 

43 (81%) 

10 (19%) 

- 

147 (65%) 

78 (34%) 

2 (1%) 

23 (30%) 

52 (68%) 

1 (2%) 

       

Ostium nasi Equal 

Too small 

Too large 

25 (74%) 

9 (26%) 

- 

112 (80%) 

25 (18%) 

3 (2%) 

49 (92%) 

3 (6%) 

1 (2%) 

186 (82%) 

37 (16%) 

4 (2%) 

45 (59%) 

28 (37%) 

3  (4%) 

       

Flap color match Good 

Moderate 

Bad 

27 (79%) 

6 (18%) 

1 (3%) 

118 (84%) 

22 (16%) 

- 

46 (87%) 

7 (13%) 

` 

191 (84%) 

35  (15%) 

1 (1%) 

60 (79%) 

15 (29%) 

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

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

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

structed after excising whole 
alar subunit, and lining restored 

with ipsilateral septal mucosal 
flap. Ear cartilage for buttress-

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

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

the scar in the central forehead. 

6A 6B

6C 6D

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

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

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

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

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

ConClUSion.
In this large series of 300 forehead flaps we 
found that the hybrid midline forehead flap de-
sign was as reliable as the paramedian (glabellar 
and classic) forehead flap, providing predictable 
long-term results. If more effective length of the 
forehead flap is needed without hair transposi-
tion we prefer the hybrid midline flap for re-
construction of caudal defects of the nose. This 
design possibly gives a more favorable midline 
donor scar. If cephalic parts of the nose, (where 
the blood supply is at danger) need to be recon-
structed a paramedian design is preferred. The 
use of different pedicle designs advances the 
sophistication of the reconstructive surgeon and 
improves cosmetic results. 
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10Chapter 10

Summary and concluding remarks
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Chapter 1 
Skin cancer is the most common malignancy in 
the Caucasian population with basal cell carci-
noma (BCC) representing 75% and squamous 
cell carcinoma (SCC) 20% of all skin cancer 
cases. Over the last decades, a significant rise 
in incidence of non-melanoma skin cancer 
(NMSC) has been observed. Several potentially 
curative options are available, but surgery is still 
the mainstay of treatment. In surgery as with 
other treatment modalities, the likelihood of cur-
ing an individual skin cancer strongly correlates 
with a number of well-determined prognostic 
factors (e.g. type of tumor, location, size, failure 
after previous therapy). 
 Aesthetically the face can be divided into spe-
cific areas or aesthetic units, which are covered 
by skin that has common characteristics such as 
color, texture, quantity of fat etc. Moreover, the 
face has a particularly rich vascular system, with 
a lot of collateral channels supplied by branches 
of the external carotid artery system, with the 
exception of a mask-like region in the center of 
the face, which is supplied by the internal ca-
rotid artery via the ophthalmic artery. Optimal 
reconstructive results rely on careful analysis of 
the defect and recipient site and a sound under-
standing of facial anatomy, skin flap physiology 
and wound healing. This must be supplemented 
by a scope of reconstructive options, and me-
ticulous techniques. An ideal method of recon-
struction leaves the patient with a closed defect 
after histologically complete resection, optimal 
function and good aesthetics. In view of these 
goals, this thesis evaluates Mohs’ micrographic 
resection as well as subsequent reconstruction 
aiming at different reconstructive approaches in 
the treatment of NMSC.

In Chapter 2 the efficacy of Mohs’ micrograph-
ic surgery (MMS) and conventional excision 
(CE) of non-melanoma skin cancers (NMSCs) 
are compared. Between 1990 and 2008, 795 
patients were treated with MMS and 709 with 
CE. The median follow-up period for MMS was 
24 months and for CE 16 months.  Disease re-
curred in 6/795 (0.74%) of MMS patients and 
in 7/709 (0.98%) of CE patients. Analysis of the 
resection defects adjusted for localization and 
status of disease (primary tumor or recurrence) 
showed significantly smaller defects after MMS 
(p= 0.008). This may be due to the smaller re-
section margin applied in MMS, which was 
more often indicated for tumors on the nose, ag-
gressive BCCs, recurrent skin cancer, females 
and younger patients. For pragmatical reasons, 
large (> 2 cm) tumors specifically on cheek and 
forehead were more frequently treated by CE. 
 Given the low recurrence rates, this study 
demonstrates that a single otolaryngologist or 
head and neck surgeon, in close collaboration 
with a group of pathologists, can adequately treat 
non-melanoma skin cancer in a private clinical 
setting. One advantage of MMS is the possible 
minimization of defect size in aesthetic ally and 
functionally important areas such as nose, eyelid 
and lip, thereby possibly enhancing reconstruc-
tion. Furthermore MMS allows for single-stage 
excision and reconstruction, which provides a 
great service to patients. Conventional excision 
with histology of paraffin embedded specimens 
remains a reliable treatment option for NMSC in 
less cosmetically critical areas of the face (fore-
head and cheek).

Chapter 3 evaluates the impact of wound char-
acteristics and location on the final cosmetic 
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result of skin defects after skin cancer excision 
and wound healing by secondary intention. For 
analysis of cosmetic outcome three indepen-
dent raters, using a categorical judgment scale, 
assessed photographs of the scars. 89 Patients 
with 95 skin defects were included. 43 Percent 
(41/95) of the wounds healed with ‘excellent’ 
outcome. In the univariable analysis, the rat-
ing “excellent” was given more often to scars 
derived from small (p=0.0002) and superficial 
wounds (p= 0.017), and to healed wounds lo-
cated in concave areas of the face, in particu-
lar near the medial canthus and medial cheek 
(p<0.0001). Multivariable logistic regression 
revealed independent associations of cosmetic 
outcome with wound size (p=0.0066) and con-
tour of wound surface (p=0.0026). This study 
presents statistical evidence that wounds in 
concave areas of the face, which are left to heal 
by secondary intention, have a high chance of 
healing with an excellent cosmetic outcome, es-
pecially if these wounds are small, superficial 
and located near the medial canthus and medial 
cheek. (naso-facial sulcus/ supra-alar groove).

In chapter 4 we determine efficacy in terms 
of survival rate and cosmesis of “normal” 
full-thickness skin grafts (FTSGs) compared 
to perichondrial cutaneous grafts (PCCGs) in 
facial reconstruction. A chart review of all fa-
cial reconstructions using FTSGs and PCCGs 
between 1995 and 2005 was undertaken and a 
total of 121 skin grafts was included (70 FTSGs 
and 51 PCCGs). All patients were examined on 
day five and day ten to assess the viability of the 
graft.For aesthetic evaluation, 70 photographs 
were available with a minimum follow-up of six 
months (42 FTSGs: 59%; 28 PCCGs: 54%). The 

pictures were randomly shown to three indepen-
dent raters, who had no previous knowledge 
about the type of grafting. The complete take 
rates of FTSGs (87%) and PCCGs (94%) were 
not statistically different (p=0.1857). Although 
the cosmetic outcome of PCCGs scored better 
overall, no statistical difference was determined 
between PCCG and FTSG (p=0.06). Both 
FTSGs and PCCGS are viable options in facial 
reconstruction, with no statistical difference in 
graft survival and cosmesis. Furthermore, the re-
constructions are easy to perform in a one-stage 
surgical procedure.

Chapter 5 reviews the literature on skin graft-
ing with a particular view to investigate whether 
the paradigm of fat removal still complies with 
reality. Literature data showed that 19 out of 26 
authors advocate fat removal. Additionally we 
report on a series of 43 nasal reconstructions 
with composite skin-fat grafts. In our series, 
five grafts were necrotic (12%) while six (14 %) 
showed superficial epidermiolysis. The use of 
rim cartilage grafts was associated with necrosis 
(p=0.03) but we did not find difference in rate 
of necrosis between bare and not bare cartilage 
(p=0.34).  In fifteen patients (35%) the outcome 
was scored as excellent and in 28 (65%) as me-
diocre by three independent professionals. There 
were no poor outcomes. Forty patients (93%) 
were themselves satisfied with the cosmetic out-
come, one patient was not satisfied and the expe-
riences of two patients remain unknown. When 
considering edge and graft contour, 27 patients 
(67%) had no contour abnormalities while 15 
patients (35%) only a slight contour edge differ-
ence.  Minor hypopigmentation of the graft was 
noted in 17 patients (40%) 
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We conclude that composite skin-fat grafts are 
a valuable asset in nasal reconstruction with a 
very satisfactory aesthetic outcome demonstrat-
ed by the blending in with the surrounding tis-
sue and absence of significant depression of the 
grafted site. The survival rates are largely com-
parable to FTSG. In other words, defatting of 
skin grafts may not always be necessary. Given 
the additional subcutaneous fat layer, a compos-
ite skin fat graft largely avoids the problem of 
a depressed appearance of the reconstructed re-
gion. Composite skin-fat grafting is technically 
less demanding than flap repair. 

In chapter 6 the concept of secondary inten-
tion healing is further explored. We questioned 
if a cartilage batten in the alar sidewall region 
left partially bare and kept moist, still heals by 
secondary intention. In 13 patients free cartilage 
grafts -harvested from the auricle - were used 
in combination with secondary intention heal-
ing for the reconstruction of alar subunits and 
lateral nasal wall defects following Mohs’ sur-
gery. The aim of the cartilage batten is to control 
wound-healing contraction force by buttressing 
the alar free rim and maintain stiffness in the 
lateral nasal wall. All skin defects healed com-
pletely. None of the free cartilage transplants 
failed, probably due to the fact that 80% of the 
cartilage is covered by healthy surrounding tis-
sue. In nine patients results were gauged as sat-
isfactory by both patients and surgeon. In three 
patients minor aesthetic faults were evident: 
one prominence of the underlying cartilage and 
hypertrophic scarring, one alar notching and 
one hypertrophic scarring. Another patient de-
veloped a nasal blockage at the operated side. 
Our results demonstrate that this easy alterna-

tive reconstructive method can serve as a viable 
option for small and deep defects of the alar sub-
unit and sidewall of the nose without significant 
donor-site morbidity. Furthermore, coverage of 
a free cartilage graft by a vascularized skin flap 
or subcutaneous soft tissue flap does not seem 
indicated in smaller defects located more than 5 
mm from the free alar border.

In Chapter 7 we describe the experience of us-
ing non-covered subcutaneous hinge flaps in 
combination with secondary intention healing. 
Sixteen patients undergoing Mohs’ surgery for 
NMSC of the alar subunit with one or more ad-
jacent facial subunits were included. The subcu-
taneous hinge flaps were harvested from the me-
dial cheek and a cartilage batten graft was placed 
in the alar sidewall region in all cases. All sub-
cutaneous hinge flaps healed well by secondary 
intention within 4-6 weeks and all reconstruc-
tions were assessed as either good or satisfac-
tory by patient and doctor. In four patients there 
were minor aesthetic dissatisfactions. These in-
cluded one prominent underlying cartilage graft, 
which needed a minor surgical revision, one ef-
facement of the nasofacial sulcus, one hypertro-
phic scar and a combination of both in one other 
patient. Uncovered subcutaneous hinge flaps in 
combination with cartilage battens and second-
ary intention healing can be used as an alterna-
tive, straightforward, one-stage reconstruction 
method for small but deep defects involving the 
lateral lower nose and medial cheek area with 
satisfying cosmetic results.

In Chapter 8 we tested whether subcutaneous 
tissue flaps (either muscle or fat) filling up large 
nasal defects or defects with an unfavorable re-



163

cipient site, are still amendable to skin grafting. 
In the upper nasal third and lower dorsum the 
procerus and nasalis muscle were mobilized and 
transferred into the defect. On the lower lateral 
nasal wall, subcutaneous tissue of the cheek 
was used. Both full-thickness skin grafts and 
perichondrial cutaneous grafts were placed on 
the pedicled subcutaneous soft tissue flaps. The 
overall free-graft survival was 79% (Perichon-
drial cutaneous grafts 89% and full-thickness 
skin grafts 74%). The procerus and nasalis mus-
cle flaps were found to yield higher graft sur-
vival than cheek flaps, which consist mainly of 
fat. The combination of subcutaneous soft tissue 
flap and skin graft coverage, offers a valuable 
alternative mobilization of adjacent skin.

Chapter 9 describes the reliability and function-
al and aesthetic results of three types of forehead 
flap designs (classic paramedian, glabellar para-
median and hybrid midline forehead flap) in 300 
patients. The reason for using the hybrid midline 
forehead flap was the need to have more effec-
tive length of the forehead flaps without trans-
position of hairs and a possibly more favorable 
midline donor site. A review of the anatomical 
literature on forehead flaps showed a robust vas-
cular plexus to the forehead via the supraorbital, 
supratrochlear, and terminal branches of the an-
gular and dorsal nasal vessels. This robust vas-
cular plexus is the basis of success of the various 
flap designs including the angular artery based 
hybrid midline forehead flap. In our series, flap 
necrosis was reported in three patients (1%): 
two in the glabellar paramedian design and one 
in the classic paramedian design. Statistically, 
we found no difference in the rate of necrosis 
between the three flap designs (p=0.45). Only 

diabetes was associated with an increased risk 
of necrosis (p=0.01). Cosmetically most pa-
tients (297/300) are satisfied with their nasal 
appearance after forehead flap reconstruction. 
Photographs could be analyzed in 227 patients 
(76%). In 98% (78/80) the reconstructed ala was 
found to be slightly thicker than the contralateral 
(normal) side and in 16% the nostril ostium was 
smaller than the contralateral side. Brow posi-
tion (98%) and color match (83%) were rated as 
good in the majority of patients. We found that 
the hybrid midline forehead flap design was as 
reliable as the paramedian (glabellar and classic) 
forehead flap, providing predictable, long-term 
results. If more effective length of the forehead 
flap is needed without hair transposition we pre-
fer the hybrid midline flap for reconstruction of 
caudal defects of the nose. This design possibly 
gives a more favorable midline donor scar. For 
reconstruction of cephalic nasal defects (where 
the blood supply is endangered), a paramedian 
forehead flap design is preferred. The forehead 
flap still represents the preferred method for re-
pair of extensive nasal defects, achieving near-
normal functional and cosmetic results.

Concluding remarks
This thesis demonstrates that NMSC of the head 
and neck can effectively be treated surgically 
either by MMS or CE. MMS remains the pre-
ferred method for resection of NMSC with an 
aggressive growth pattern and for resection of 
recurrent disease originating in the aesthetically 
and functionally important H-zone (midface), 
especially the nose and eyelids. MMS offers the 
possibility of minimalization of surgical defect 
size in combination with an oncologically safe 
resection. These aspects are of particular impor-
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tance in the above-mentioned locations. It has 
to be realized that MMS takes time and needs 
a specialized set-up of peroperative histopatho-
logical processing of tissue specimens. For less 
cosmetically critical areas of the face (forehead 
and cheek) conventional excision with histology 
of paraffin-embedded specimens or convention-
al frozen section control of resection margins is 
still a good alternative. 
 Secondary intention healing is the easiest 
surgical alternative for reconstruction of the face 
and this thesis presents the first statistical evi-
dence for wound characteristics which give an 
excellent cosmetic outcome in almost half of the 
patients. Wounds in concave areas of the face 
have a high chance of healing with an excellent 
cosmetic outcome, especially if these wounds 
are small, superficial and located near the medial 
canthus and medial cheek. 
 In this thesis less complex innovative sur-
gical techniques are described, which provide 
good functional and cosmetic results with mini-
mal morbidity to the patient. These techniques 
include secondary intention healing in combina-
tion with subcutaneous hinge and/ or cartilage 
grafts, subcutaneous soft tissue flaps with skin 
grafts and composite skin-fat grafts. These tech-
niques might serve as an alternative for more 
extensive reconstruction techniques in the face 
and represent an expansion of the surgeon’s ar-
mamentarium for facial defect reconstruction 
geared to the patient’s unique needs.  
 Reconstruction of nasal tip defects remains 
challenging because of the thicker sebaceous 
skin type. The use of local flaps may lead to ad-
ditional scars, dog-ears and trapdoor deformi-
ties.  In our series composite skin-fat grafts offer 
a reliable straightforward alternative with excel-

lent cosmetic results. A subsequent prospective 
randomized study, comparing the aesthetic out-
come of bilobed flaps and skin-fat grafts, is now 
ongoing.
 For complex or large nasal defects (> 1.5 
cm), especially located on the lower nasal third, 
multistage forehead flap reconstruction remains 
the treatment of choice. As we demonstrated the 
hybrid midline forehead flap as well as the para-
median (glabellar and classic) forehead flap are 
both equally reliable regarding the risk of ne-
crosis. The choice of pedicle design is not only 
determined by location and size of the defect but 
also by the shape and level of the frontal hair-
line. The use of different pedicle designs also 
contributes to a further refinement of nasal re-
constructive options. 
 Summarizing, a reconstructive plan of skin 
defects in the head and neck after complete 
excision of NMSC should be dictated by both 
the surgeon’s and patient’s preference, comfort, 
and ability. A careful preoperative assessment, 
with identification of individual surgical defect 
characteristics followed by appropriate surgical 
techniques is essential to achieve an optimal out-
come. Given the alternative closure techniques 
described and evaluated in this thesis traditional 
relatively complex local flap reconstruction can 
now be weighed against less complex grafting 
techniques.
 This thesis allowed us to reemphasize some 
facial plastic and reconstructive principles
 (1) A systematic defect analysis addressing 
mobile and immobile surrounding landmarks, 
vectors of tension, area of recruitment, and pre-
existing lines and resultant scars (i.e. aesthetic 
lines) is essential before embarking on a re-
construction; (2) Liberal use of non- anatomi-
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cal cartilage grafting in functionally critical re-
gions (e.g. na§sal ala and side wall) predisposed 
to significant retraction enhances predictable 
functional and aesthetic outcome; (3) Coun-
seling of the patient about the risk of a subop-
timal outcome while continuing  smoking and 
drawing the patient into a plastic reconstructive 
procedure; (4) There is no essential difference 
between nasal reconstruction and cosmetic rhi-
noplasty. Adjuvant rhinoplasty manoeuvres con-
tribute to achieving the best possible functional 
and aesthetic outcome.
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hoofdstuk 1. Huidkanker is de meest voorko-
mende vorm van kanker onder Kaukasiërs en 
daarvan komt 80% voor in het hoofd-hals ge-
bied. Het basaalcel carcinoom (BCC) (75%)  
en het plaveiselcel carcinoom (PCC) (20%)  
vormen samen 95 % van alle huidkankersoor-
ten en worden tot het niet-melanotisch huid-
carcinoom (NMHC) gerekend. De laatste jaren 
is er een forse toename van de incidentie van 
het NMHC, met name het BCC betreffend, en 
toont een recent epidemiologisch onderzoek 
aan dat één op de vijf tot zes Nederlanders tij-
dens zijn leven een BCC ontwikkelt. Ofschoon 
zich meerdere behandelingsmogelijkheden heb-
ben ontwikkeld, blijft chirurgische excisie nog 
steeds de meest toegepaste vorm met de laagste 
recidiefkans. Primaire radicale excisie blijft de 
beste uitgangspositie opleveren voor genezing. 
De prognose van huidcarcinoom is multifactori-
eel bepaald en onder meer ook afhankelijk van 
histopathologie, lokalisatie, afmetingen, en het 
falen van eerdere therapie. 
 Na chirurgisch behandeling van het NMHC 
houdt men bij reconstructies in het gelaat reke-
ning met vastomlijnde esthetische (sub)units, 
die qua huidskleur, textuur en hoeveelheid vet 
met elkaar overeenkomen. Om na het gebruik  
van locale - en/of regionale lappen littekens te 
camoufleren worden de incisies bij voorkeur  
op de grens van een esthetische unit geplaatst. 
Daarnaast blijven een grondige kennis van de 
hoofd-hals anatomie, de wondgenezing, huidlap-
fysiologie en analyse van het chirurgische defect 
van belang om goede cosmetische resultaten te 
bereiken. Tevens is kennis van de verschillende 
reconstructieve mogelijkheden en nauwgezette 
“tissue handling” belangrijk. Idealiter dient de 
reconstructie zowel optimale defectsluiting na te 

streven alsmede een goed functioneel- en esthe-
tisch resultaat met zo weinig mogelijk morbidi-
teit. In het kader hiervan worden onderstaand de 
doelen van het proefschrift geformuleerd.
 Het eerste doel richt zich op een vergelijking 
van de resultaten tussen Mohs’ micrografische 
chirurgie (MMC) en conventionele excisie (CE), 
teneinde tot een praktischer afweging te komen 
van keuze van behandeling bij de enorme toe-
name van het aantal huidtumoren in Nederland 
en de beperkende faciliteiten in de gezondheids-
zorg. Het tweede doel is de effecten van se-
cundaire wondgenezing als alternatieve recon-
structie mogelijkheid in het hoofd-hals gebied 
statistisch te analyseren. De gegevens tot nu toe 
zijn slechts empirisch en beschrijvend geweest. 
Tot slot evalueren en beschrijven wij niet-ge-
valideerde en alternatieve reconstructieve tech-
nieken (het samengesteld huid-perichondrium 
transplantaat, het vrije kraakbeen implantaat 
in combinatie met secundaire wondgenezing, 
de weke delenlap met secundaire wondgene-
zing, het samengesteld huid-vet transplantaat, 
de weke delenlap met huidtransplantaat en de 
hybride midlijn voorhoofdslap) om het arsenaal 
van chirurgische mogelijkheden uit te breiden. 

In hoofdstuk 2 worden de effectiviteit van 
Mohs’ micrografische chirurgie (MMC) en con-
ventionele excisie (CE) van het NMHC met el-
kaar vergeleken. Tussen 1990 en 2008 werden 
795 patiënten met MMC en 709 met CE behan-
deld. De mediane follow-up was 24 maanden bij 
MMC en 16 maanden bij CE. Het aantal recidie-
ven bedroeg na MMC 6/795 (0.74%) en na CE 
7/709 (0.98%). Analyse van de chirurgische de-
fecten, aangepast voor lokalisatie en status van 
primaire versus recidief tumor, toonde signifi-
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cant kleinere defecten na MMC (p=0.008). In 
deze serie werden tumoren op de neus, agressie-
ve BCC’s, recidief tumoren, vrouwen en jongere 
patiënten frequenter met MMC behandeld. Om 
pragmatische redenen werden grotere tumoren 
(> 2cm) met name op de wang en voorhoofd va-
ker behandeld met CE. Deze lage recidiefkansen 
laten zien dat een KNO-arts in nauwe samen-
werking met een groep ervaren pathologen ade-
quaat het niet-melanotisch huidcarcinoom kan 
behandelen in een niet academische setting. Een 
voordeel van MMC is de mogelijke beperking 
van de defect grootte in esthetisch en functio-
neel kritische gebieden zoals de neus, oogleden 
en lip, wat tot adequatere reconstructies kan lei-
den. Daarnaast maakt MMC de excisie en recon-
structie in één fase mogelijk met een betere ser-
vice naar de patiënt. CE met histologisch onder-
zoek van paraffine coupes blijft een betrouwbare 
optie in cosmetisch minder belangrijke gebieden 
van het gezicht (wang en voorhoofd).

hoofdstuk 3 evalueert  de invloed van  wond 
eigenschappen en wond lokalisatie op het cos-
metisch resultaat na  secondaire wondgenezing. 
Littekens werden standaard fotografisch volgens 
een vast protocol vastgelegd en cosmetisch be-
oordeeld door drie onafhankelijke beoordelaars  
gebruik makend van een categorische beoorde-
lingsschaal (slecht, gemiddeld, goed en excel-
lent). Negenentachtig patiënten met 95 huid-
defecten werden geïncludeerd. Drieënveertig 
procent (41/95) van de wonden genas met een 
excellente uitkomst. In de univariabele analyse 
werd de beoordeling “excellent” vaker gege-
ven aan kleine (p=0.0002) en oppervlakkige 
(p=0.017) wonden en aan wonden gelokaliseerd 
in concave gebieden van het gezicht, met name 

bij de mediale canthus en het mediale gedeelte 
van de wang (p<0.0001). Multivariabele logis-
tische regressie analyse toonde een onafhanke-
lijke relatie tussen wond grootte (p=0.0066) en 
de contour van het wond oppervlak (p=0.0026).  
 Dit is de eerste studie met een  statistisch 
bewijs op een excellent cosmetisch resultaat na 
secundaire genezing in concave gebieden van 
het gelaat. Dit effect is zelfs meer uitgesproken 
bij oppervlakkige defecten die  kleiner dan 1 cm 
zijn en bij defecten die gelokaliseerd zijn nabij 
de mediale canthus en mediale wanghuid, gren-
zend aan de neus. 

In hoofdstuk 4 vergelijken we de overlevings-
kans en cosmetiek van het “normale” volledig-
dikte huidtransplantaat (VDHT) met het sa-
mengestelde perichondrium huid transplantaat 
(SPHT). Tussen 1995 en 2005 werden in totaal 
121 huidtransplantaten geïncludeerd (70 VDHT 
en 51 SPHT). Alle patiënten werden onderzocht 
op dag vijf en dag tien om de overleving van het 
transplantaat te beoordelen. Voor de esthetische 
evaluatie waren 70 gestandaardiseerde fotogra-
fische opnamen beschikbaar met een minimale 
follow-up van zes maanden (42 VDHT; 49% en 
28 SPHT; 54%). De foto’s werden  willekeurig 
getoond aan drie onafhankelijke beoordelaars, 
die niet geïnformeerd waren over de oorsprong 
van het huidtransplantaat. De overleving van de 
transplantaten bleek niet significant verschillend 
(p=0.1857): VDHT (87%) en SPHT (94%). Ook 
bleek  de cosmetische score tussen de transplan-
taten niet significant verschillend (p=0.06), al-
hoewel die van het SPHT iets beter was.
 Concluderend zijn zowel het VDHT als het 
SPHT waardevolle alternatieve opties voor re-
constructieve aangezichtschirurgie, met statis-



170

tisch gezien geen verschil in overleving en cos-
metiek. Ze zijn eenvoudig  uit te voeren in een 
enkele chirurgische procedure. 

hoofdstuk 5 onderzoekt de beschikbare lite-
ratuurgegevens over huidtransplantaten met 
de vraagstelling of standaard verwijdering van 
subcutaan vet noodzakelijk is voor een goede 
overleving. In de literatuur werd deze maatregel 
door 19 van de 26 auteurs geadviseerd. Daar-
naast wordt de eigen ervaring beschreven in een 
serie van  43 reconstructies van de neus met 
samengestelde huid-vet transplantaten. In deze 
serie gingen 5 (12%) transplantaten verloren  en 
vertoonden 6 (14%) een oppervlakkige epider-
miolyse. Het optreden van necrose was gerela-
teerd aan het gebruik van kraakbeen “rim” trans-
plantaten (p=0.03). Bij 15 (35%) patiënten was 
er een excellent resultaat en in 28 (65%) een ge-
middeld resultaat te bemerken. De cosmetische 
resultaten werden beoordeeld door 3 onafhanke-
lijke professionals. Er werden in deze serie geen 
slechte resultaten genoemd. Veertig patiënten 
(93%) waren zelf tevreden met het cosmetisch 
resultaat en één patiënt was niet tevreden. Van 
twee patiënten was hun mening niet bekend.
 Concluderend zijn samengestelde huid-vet 
transplanten een waardevolle aanvulling voor 
neusreconstructies met bevredigende cosmeti-
sche resultaten door de goed bij elkaar passende 
weefselkenmerken en het  behoud van contour. 
De overlevingskansen zijn vergelijkbaar met 
traditionele volledig-dikte huidtransplantaten. 
De verwijdering van het subcutane vet behoeft 
dus niet standaard plaats te vinden voor neus-
reconstructies. en maakt de ingreep chirurgisch 
technisch eenvoudig.

In hoofdstuk 6 wordt het concept van secun-
daire wondgenezing verder uitgewerkt. Dertien 
patiënten met een defect van de ala en/of laterale 
neuswand na Mohs’ chirurgie ondergingen een 
reconstructie met een vrij kraakbeen transplan-
taat (afkomstig van oorschelp) in combinatie 
met een secundaire wondgenezing. Alle huid 
defecten genazen volledig met vitale kraakbeen 
implantaten. De succesvolle overleving daarvan 
is waarschijnlijk gebaseerd op het feit dat 80% 
van het kraakbeenoppervlak is bedekt door  het 
omliggende weefsel, waardoor blijkbaar een 
goede bloedvoorziening wordt gegarandeerd.  
Zowel de patiënten als de behandelend chirurg 
waren over het algemeen tevreden over de  es-
thetische uitkomst, alhoewel in drie patiënten  
kleine esthetische  problemen werden geconsta-
teerd. Twee patiënten hadden een hypertrofisch 
litteken waarbij één patiënt ook een te promi-
nent kraakbeenimplantaat had en één patiënt 
vertoonde een retractie van de neusvleugel. Een 
andere patiënt kreeg neusobstructie klachten aan 
de geopereerde zijde.
 Deze resultaten tonen een  simpel uitvoerbaar 
en betrouwbaar alternatief voor de reconstructie 
van kleine en diepe defecten van de ala en/of la-
terale neus wand. Hierbij is er geen sprake van 
toegenomen morbiditeit van de donorplaats. Het 
bedekken van een vrij kraakbeen transplantaat 
met een gevasculariseerde huidlap is derhalve 
niet meer noodzakelijk voor kleine defecten op 
5 mm afstand van de vrije neusvleugel rand.

In hoofdstuk 7 worden  de ervaringen met sub-
cutaan gesteelde scharnierende wekedelenlap-
pen (+ kraakbeentansplantaat) en secundaire 
wondgenezing beschreven voor de reconstructie 
van defecten van de laterale neuswand met één 
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of meer aangrenzende esthetische (sub)units van 
de neus. Zestien patiënten ondergingen deze re-
constructiemethode. Alle huiddefecten genazen 
goed d.m.v. secundaire wondgenezing en het 
cosmetische resultaat werd zowel door patiënt 
als dokter als redelijk tot goed beoordeeld. Er 
was sprake van een vier esthetische beperkin-
gen: één patiënt had revisiechirurgie nodig i.v.m. 
een prominent kraakbeenimplantaat, één patiënt 
had verlies van contour van de nasofaciale sul-
cus, één patiënt ontwikkelde een hypertrofisch 
litteken en één patiënt vertoonde beide nadelen.
 Concluderend is de subcutaan gesteelde 
scharnierende wekedelenlap in combinatie met 
een kraakbeen implantaat en secundaire wond-
genezing een simpele en bruikbare techniek 
voor kleine en diepe defecten van de laterale 
neuswand met een of meerdere aangrenzende 
esthetische units van de neus.

In hoofdstuk 8 wordt het concept van wekede-
lenlap (spier- of vetweefsel) en huidtransplanta-
ten onderzocht  bij diepe en grotere huiddefecten 
met een slecht gevasculariseerd wondgebied. De 
m. procerus en m. nasalis kunnen daartoe in het 
bovenste deel van de neus ingebracht worden 
om defecten op te vullen. Ook kan transpositie 
van subcutaan weefsel van de wang naar de late-
rale neuswand gebruikt worden. De wekedelen-
lap wordt vervolgens bedekt met een volledig-
dikte huid transplantaat of een samengesteld pe-
richondrium-huidtransplantaat. De gemiddelde 
overlevingskans van de vrije transplantaten was 
79% (samengestelde perichondrium-huid trans-
plantaat 89% en ‘‘full thickness’’ huidtransplan-
taat 74%). De overleving van vrije transplanta-
ten op de wekedelen lap van de m. procerus en 
m. nasalis was beter dan bij de wekedelen lap 

van de wang, die grotendeels uit vet bestaat. De 
beschreven techniek is een goed alternatief voor 
de reconstructie van diepe en grotere huiddefec-
ten op het dorsum, laterale zijwand of onderste 
1/3 deel van de neus. 

hoofdstuk 9 beschrijft de functionele en estheti-
sche uitkomsten van drie type voorhoofdslappen 
in 300 patiënten (klassiek paramediaan, glabella 
paramediaan en de hybride midlijn). Een review 
van de anatomische literatuur van voorhoofds-
lappen laat een robuuste vasculaire plexus zien 
van de a. supraorbitalis, a. supratrochlearis en 
eindtakken van a. angularis en a. nasalis dorsa-
lis. Dit robuuste netwerk van vaten is de basis 
van het succes bij het gebruik van de verschil-
lende type voorhoofdslappen. 
 In deze serie hadden drie patiënten (1%) ne-
crose van de lap (2x glabella paramediaan; 1 
klassiek paramediaan). Statistisch was er geen 
verschil in de kans op necrose tussen de verschil-
lende type voorhoofdslappen (p = 0.45). Van de 
overige risicofactoren was alleen diabetes geas-
socieerd met een verhoogd risico op necrose (p 
=0.01). 
Bijna alle patiënten (297/300) waren zelf tevreden 
met het cosmetische eindresultaat van de neusre-
constructie. Bij 227 (76%) patiënten konden de 
standaard fotografische opnamen van het cosme-
tisch resultaat worden geëvalueerd door  één be-
oordelaar. In 98% (78/80) van de gevallen bleek 
de dikte van de gereconstrueerde ala in vergelij-
king met  de contralaterale (normale) zijde te zijn 
toegenomen. In 16% was het ostium van de neus 
kleiner dan de contralaterale zijde. Positie van de 
wenkbrauw (98%) en huidkleur  (83%) werden 
als goed beoordeeld in de meeste patiënten. 
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 Concluderend is de midlijn hybride voor-
hoofdslap even betrouwbaar als de paramediane 
(glabella en klassieke) voorhoofdslap, met goed 
voorspelbare lange-termijn resultaten. De mid-
lijn voorhoofdslap heeft onze voorkeur, wan-
neer meer effectieve lengte van de lap nodig is 
om caudale defecten van de neus te reconstru-
eren zonder hiermee haren van het voorhoofd 
te verplaatsen. De midlijn voorhoofdslap geeft 
mogelijk ook betere camouflage van het litteken 
op het voorhoofd. Bij de reconstructie van cep-
hale defecten van de neus gaat de voorkeur uit 
naar meer paramediane voorhoofdslappen om-
dat anders de bloedvoorziening in gevaar komt. 
De voorhoofdslap blijkt nog steeds de beste me-
thode te zijn voor de reconstructie van grote of 
complexe neusdefecten met goede functionele 
en cosmetische resultaten.

Conclusies
Dit proefschrift toont aan dat het niet-melano-
tisch huid carcinoom (NMHC) effectief kan wor-
den behandeld door zowel Mohs’ micrografische 
chirurgie (MMC) als conventionele excisie (CE). 
MMC blijft de  methode van voorkeur voor de ex-
cisie van tumoren met een agressieve groeiwijze 
en recidief tumoren, met name die gelokaliseerd 
zijn in de esthetisch en functioneel belangrijke 
H-zone (middengezicht), nog specifieker de neus 
en oogleden. Alhoewel MMC  tot kleinere defec-
ten leidt met oncologisch veilige resecties, neemt 
MMC significant meer tijd in beslag, waarbij 
speciale histopathologische voorzieningen nodig 
zijn voor het bewerken van het preparaat. Voor 
de lokalisatie van tumoren buiten de H-zone (vnl 
voorhoofd en wang) blijft CE met histologische 
controle van de snijranden door paraffine- of 
vriescoupes een goed alternatief.

 Secundaire wondgenezing is de meest een-
voudige optie voor reconstructies in het gelaat. 
In dit proefschrift wordt voor het eerst statistisch 
bewijs geleverd voor wondfactoren die van be-
lang zijn voor het bereiken van een ‘excellent’ 
cosmetisch resultaat. Wonden in concave ge-
bieden van het gelaat hebben een hoge kans op 
een ‘excellent’ esthetisch resultaat, met name 
als deze wonden klein, oppervlakkig en rond de 
mediale wanghuid grenzend aan de neus geloka-
liseerd zijn (mediale canthus)
 Dit proefschrift beschrijft verder innovatieve 
en minder complexe technieken, die leiden tot 
betrouwbare en goede cosmetische en functio-
nele resultaten met minder morbiditeit voor de 
patiënt. Deze technieken zijn; secundaire wond-
genezing in combinatie met subcutaan wekede-
lenlap en/of kraakbeen implantaten, subcutaan 
wekedelen lap in combinatie met huidtransplan-
taten en samengestelde huid-vet transplantaten. 
Met deze technieken zijn er alternatieven be-
schikbaar gekomen voor de reeds bestaande en 
soms meer belastende reconstructieve methodes 
(nasolabiaal lap of voorhoofdslap). Het recon-
structieve arsenaal van de chirurg wordt hiermee 
vergroot zodat de reconstructie beter afgestemd 
kan worden op de wensen van de patiënt.
 In dit opzicht is de reconstructie van de neus-
punt een uitdagend gebied door de soms dikkere  
huid met talgklieren. De reconstructie met een 
locale lap geeft vaak extra littekens, met kans 
op “dog-ears’’ en ‘trap-door” afwijkingen. Met 
het gebruik van het samengestelde huid-vet 
transplantaat is er een betrouwbaar alternatief 
gerealiseerd met excellente cosmetische resulta-
ten. Prospectief gerandomiseerde studies waarin 
huid-vet transplantaten vergeleken worden met 
lokale lappen zullen verder antwoord moeten 
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geven op wat uiteindelijk de beste uitkomsten 
geeft . 
 Voor complexe en/of grote neusdefecten 
(> 1.5 cm), met name op het onderste 1/3 deel 
van de neus, blijft de voorhoofdslap de recon-
structie methode van keuze met vergelijkbare 
overlevingsresultaten voor de hybride midlijn 
voorhoofdslap en  de paramediane (glabella en 
klassieke) voorhoofdslap. De keuze van de steel 
van de voorhoofdslap wordt daarbij niet alleen 
bepaald door lokalisatie en grootte van het de-
fect maar ook door de vorm en hoogte van de 
haargrens. Het gebruik van meerdere ontwerpen 
van de voorhoofdslap draagt bij aan verdere ver-
betering van de neusreconstructies.
 Samengevat wordt het reconstructieve plan 
van een huid defect in het hoofd hals gebied 
enerzijds bepaald door de mogelijkheden en 
voorkeur van een chirurg en anderzijds de wen-
sen van patiënt. Een zorgvuldige analyse van 
de wondkarakteristieken en de reconstructieve 
mogelijkheden zijn essentieel voor een optimale 
uitkomst. In deze analyse kunnen nu minder 
complexe en/of belastende technieken worden 
afgewogen tegen de traditionele gefaseerde 
huidlap reconstructies.
 Om een optimaal resultaat te bereiken moe-
ten per patiënt de volgende punten telkenmale 
in acht worden genomen: (1) een systemische 
analyse van het defect met bepalen van mobiele 
en immobiele grensgebieden, het vaststellen van 
de spanningsvectoren van de huid,  het zorgvul-
dig selecteren van het meest geschikte  huiddo-
nor gebied, de implementatie van de bestaande 
huidlijnen en  esthetische units en de precieze 
inschatting van de uiteindelijke littekenvor-
ming; (2) veelvuldig gebruik van niet-anatomi-
sche kraakbeen implantaten in gebieden waar 

retractie makkelijk optreedt en functie behouden 
moet blijven (bv ala en zijwand neus); (3) pati-
enten informeren over suboptimale uitkomsten 
bij roken; en (4) het gebruik van rhinoplastiek 
technieken om een betere balans tussen functie 
en esthetiek te bereiken.
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