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Abstract

Background: The nose is a functionally complex organ with also a critical role in aes-
thetics. For reconstruction of full thickness nasal defects, multiple stages are needed
and there is risk for resorption resulting in residual deformity. The aim of this report
was to develop and evaluate a new method for full thickness total/subtotal nose
reconstruction using the medial femoral condyle free flap (MFCFF) in combination
with a paramedian forehead flap.

Methods: Between November 2015 and January 2018, eight patients (four males,
four females) mean age 52 years (range 40-73 years) undergoing a total/subtotal
nasal excision and subsequential reconstruction with MFCFF plus paramedian fore-
head flap were enrolled. Six cases were squamous cell carcinomas while two were
basal cell carcinomas. The MFCFF was stabilized, with the periosteum as inner layer,
with plates and a paramedian forehead flap was used as external skin coverage. All
patients were evaluated for with postoperative nasal endoscopy and CT scan. A post-
operative questionnaire was given 6 months after surgery.

Results: The mean MFCFF size was 2-3.8 cm x 2.25-2.5 cm with a mean pedicle
length of 6.3 cm (range 4.1-9.4 cm). The postoperative period was uneventful. The
mean follow-up was 16 months, no bone displacement or resorption was observed at
the CT scan, no evidence of nasal stenosis occurred. All patients had a satisfying aes-
thetic evaluation and a good subjective nasal function.

Conclusions: In this series, the MFCFF in combination with the paramedian forehead
flap appeared to provide a valid subtotal nose reconstruction, allowing for the recrea-
tion of all the three nasal layers and maintaining the nose projection and airway

patency in the long term.
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1 | INTRODUCTION

The nose plays a critical role in the equilibrium between the harmony
and proportion of the face. In addition, it is of fundamental impor-
tance for its aesthetic structure, for breathing and for its functions as
a sensory organ (Springer et al., 2007). For this reason, due to its prop-
erties, the total and subtotal nasal reconstruction represents an
extremely challenging procedure (Rohrich, Griffin, Ansari, Beran, &
Potter, 2004). In particular, when full-thickness defects are to be
reconstructed, all the three layers (external skin coverage, rigid mid-
layer, and internal lining) must be replaced with adequate tissue in
order to gain the best possible result (Menick, 1999; Menick, 2002).
Many techniques have been described for total or subtotal full thick-
ness nose reconstruction including local flaps (Brodland, 2005), skin/
cartilage/fascia lata single or composite grafts (Cherubino et al., 2014;
Menick, 2010; Selcuk, Durgun, Ozalp, & Bozkurt, 2013; Seth, Rev-
enaugh, Scharpf, Shipchandler, & Fritz, 2013), mucosal flaps (Duffy,
Rossi, & Pribaz, 1998), and free flaps (Burget & Walton, 2007;
Cherubino et al., 2017) and the most common and undesirable compli-
cation is represented by unpredictable graft resorption, scar contrac-
tions, and nose distortion (Burget & Menick, 1989).

The aim of the present report was to develop and evaluate a new
method for full thickness total/subtotal nose reconstruction with a
two-staged procedure using the medial femoral condyle free flap
(MFCFF) in combination with a paramedian forehead flap allowing a

long lasting, functional, and cosmetic pleasing reconstruction.

2 | PATIENTS AND METHODS

Between November 2015 and November 2017, an observational lon-
gitudinal study was conducted at the Microsurgery and Hand Surgery
unit, ASST “Sette Laghi,” University of Insubria.

Eight patients (four males, four females) mean age 52 years (range
40-73 years; Valdatta et al., 2019) with diagnosis of invasive nose skin
cancer treated with full thickness excision and reconstruction with
MFCFF and paramedian forehead flap were treated. Six cases were squa-
mous cell carcinomas (SCCs) while two were morphea-type basal cell car-
cinomas (BCCs). The full thickness nasal defects consisted in a variable
loss of soft and hard tissue of the proximal two-thirds of the dorsum,
both sidewalls of the nose, tip, columella, and nasal ala. In one case, due
to the clinical situation and to the high motivation of the patient, the
reconstruction was immediate, after intraoperative tumor frozen sections
indicating clear margins, while in seven cases it was delayed. In one case,
due a previous forehead flap, there was the need to pre-expand the fron-
tal area in order to achieve enough skin to reconstruct the nasal pyramid
and to avoid donor site heal by secondary intention.

21 | Surgical technique

All the surgeries were performed by the first author (M.C.) under general
anesthesia (GA). A wide local tumor excision and all cases required a full

thickness excision; surgical margins were intraoperatively controlled and
confirmed with frozen sections and the reconstructions were immediate
in the first case, and delayed in the others.

A cortico-periosteal MFCFF was planned to replace and recreate
the bony/cartilage missing support and the internal lining while, for
the external skin coverage, a paramedian forehead flap was designed.

The patient was placed in supine position with the leg chosen as
donor site abducted and flexed in a frog-like position to expose the
medial surface of the knee (Biirger, Windhofer, Gaggl, & Higgins,
2013; Doi, Oda, Soo-Heong, & Nanda, 2000); the nose bony/car-
tilagineous defect size was measured, and the flap was designed and
harvested as a rectangle. The flap harvesting was then completed, iso-
lating the pedicle to the point where it pierced the roof of the adduc-
tor canal to yield a longer. The flap was then dethatched when the
recipient area was ready and the donor site was packed with bone
wax and then was closed in layers over a suction drain with the appli-
cation of a compressive dressing. Intraoperative knee X-rays were
taken before the end of surgery to ensure that no bony fractures acci-
dentally occurred.

The cortical bony aspect of the flap was then trimmed using bone
pliers and the flap was folded into an acute-angle vault to reproduce a
tent-like shape (Del Pifal et al., 2007; Figure 1). The periosteal surface

of the flap was used to replace the nose inner layer and sutured to
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FIGURE 1 The cortical bony aspect of the medial femoral condyle
free flap trimmed using bone pliers after harvesting (a) and folded into
an acute-angle vault to reproduce a tent-like shape (b)



the remaining nasal mucosa and the bone was stabilized with either a
linear plate or with modified titanium mesh (Matrix MIDFACE Sys-
tem, Synthes, Zuchwil, Switzerland), which was bent to recreate the
natural projection and width of the nose and then fixated, or with
two mini-plate for metacarpal synthesis from the remaining portion
of the maxillary bone. The arterial and venous anastomoses were per-
formed under the operating microscope as end-to-end (ETE) anasto-
moses to the angular or facial vessels.

A paramedian forehead flap was harvested and mobilized to
cover the MFCFF and the forehead donor site closed by suture
(Stocco, Berton, Papa, Bussani, & Arnez, 2016) or secondary healing
and a soft dressing with a gentle internal nasal packing was applied.
Standard postoperative monitoring was performed on ward (Arnez
et al., 2019). The second-stage surgery to divide the pedicle of the
forehead flap was planned 3-4 weeks later. Clinical follow-up was
performed regularly at least once a week in the first month and then
at 4, 12, and 24 weeks postoperatively.

A subjective postoperative questionnaire was given and com-
pleted 6 months after surgery; all patients were also assessed at the
same time for an objective evaluation by a plastic surgeon not
involved in the cases (Vaira et al., 2018).

All postoperative complications were documented, and nasal air-
way patency was recorded.

Internal layer postoperative nasal cell samples were collected from
the mid-part of the internal vault of the MFCFF by brushing with interden-
tal brushing, after spraying topical anesthetic on the nasal mucosa. Immu-
nochemistry was performed to assess the type of the harvested cells.

All patients were also evaluated for alar collapse, nasal whistle,
synechia, crusts, and postoperative nasal endoscopy and CT scan

performed.
3 | RESULTS
The mean MFCFF flap size was 3 cmx2 cm (range

2-3.8 cm x 2.25-2.5 cm) while the mean pedicle length 6.3 cm (range
4.1-9.4 cm; Table 1).

No intra- or postoperative complications were encountered both
regarding the donor and the recipient sites; however, one patient
reported a mild nasal obstruction in the first weeks after surgery
because of the swelling and presence of some intranasally vegetating
bulky tissue that was removed at the time of paramedian forehead
flap pedicle autonomization. Three patients had minor revision sur-
geries, under local anesthesia aimed to improve the forehead aspect.

After a mean follow-up period of 16 months (range 6-30 months),
no bone displacement or resorption were observed at the CT scan, no
evidence of nasal stenosis, as a result of intranasal contracture, occurred
nor tumor recurrence was registered. One patient, at the objective eval-
uation, had moderate while two had mild alar retraction.

In all cases, an internal lining cell brushing was performed after
6 months from the first surgery, showing MFCFF periosteal muco-
salization: cell samples ranging from 1.04 x 10° to 2.05 x 10° cells/
per sample were collected. Of eight samples, five formed confluent

Patients demographics, tumor, and reconstruction details

TABLE 1

Flap

Postop

Follow-up

success/
failure

complications/

surgeries

Pedicle Receiving vessels

MFCFF dimension

Age/

(months)

30

(end to end anastomosis)

length (cm)
6.2

(length x width; cm)

225x%x2

Defect

Diagnosis
SCC

gender

50/M

Patient

M.G.

Success

Forehead minor

Facial vessels

Subtotal defect of the dorsum and lateral walls

revision surgery

22
8

Success

None

Angolar nose vessels

32x24
2.25%x2

Subtotal defect of the tip and left ala

73/M SCC

40/F

P.P.

None Success

Facial vessel

64

Subtotal defect of the dorsum

SCC

F.E.

and right lateral wall and ala

16

Success

Forehead minor

6.2 Facial vessel

2x225

Subtotal defect of the tip and right ala

48/F BCC

G.T.

revision surgery

18

None Success

Facial vessel

9.4

31x22
2x22

Subtotal defect of the tip and right ala

50/M SCC

51/F

G.M.
L.T.

20

None Success

Facial vessel

Subtotal defect of the dorsum

BCC

and left lateral wall

10

Success

Forehead minor

Facial vessel

6.0

2x22

Subtotal defect of the dorsum and tip

SCC

50/M

P.R.

revision surgery

6

None Success

Facial vessel

6.7

38x25

Subtotal defect of the dorsum,

59/F SCC

S.F.

tip and bilateral alae

Abbreviations: BCC, basal cell carcinoma; F, female patient; M, male patient; SCC, squamous cell carcinoma.



cultures while the remaining three indicated only patches of epithelial
cells; no fungal or bacteria contamination was present and the immu-
nocytochemistry confirmed the presence of epithelial cells in the
cultures.

Postoperative nasal endoscopies were performed after 2 weeks, and
then every month up to 6 months follow-up showing mucosalization,

absence of synechia, and crusts and documenting the adequate macro-

scopic appearance of the internal lining (Figure 2).

TABLE 2 Subjective evaluation

Subjective aesthetic evaluation (1-10)

The CT scans were performed 3 months after surgery as part of
the oncologic follow-up and then at 1 year as per oncologic follow-up
and showed no recurrences, a stable bony reconstruction and no
radiological signs of resorption.

All patients completed the self-aesthetic nose assessment (with score
ranging from 1—poor to 10—excellent) showing an overall satisfying aes-
thetic evaluation rate regarding the appearance of the nose (showing a

mean final score of 6.75 out of 10), the donor site scar on the forehead

FIGURE 2 Endoscopies performed
6 months postoperatively: it can be
noticed that the periosteum placed as
inner layer is completely mucosalized

How do you How do you rate How do you rate the
Aesthetic rate the appearance the appearance appearance of your
Patient evaluation of your nose? of your forehead? naso-labial groove?
1 8 8 9 10
2 7 7 9 9
3 9 9 8 10
4 6 6 8 8
5 5 5 6 10
6 7 7 7 9
7 5 5 6 9
8 7 7 8 9
Mean 6.75 6.75 7.625 9.25
Subjective functional evaluation (0-4)
Nasal air-flow Do you snore Olfaction has Do you think that Nasal bleeding The quality of your
decreased more than worsened after nasal mucosa is occurs more often voice has worsened
Patients after surgery? before surgery? surgery? drier after surgery? after surgery after surgery?
1 2 0 0 2 0 0
2 2 0 0 1 0 0
3 1 1 0 3 0 0
4 3 2 1 2 1 0
5 2 1 1 3 0 0
6 2 2 0 2 0 0
7 1 1 1 1 (0] 0
8 2 0 0 0 0 0

Note: None = 0, Not much = 1, Enough = 2, Mostly = 3, Absolutely = 4.



TABLE 3 Objective assessment

Objective functional assessment (0-1)

Patients Alar collapse Nasal whistle Mucosal dryness Nasal crusts Nasal synechiae
1 0 0 1 1 0

2 0 0 1 0 1

3 0 0 1 1 0

4 0 0 1 0 1

5 0 0 1 0 0

6 0 0 1 0 0

7 0 0 1 0 0

8 0 0 1 0 0

Objective aesthetic assessment (0-4)

Patients Color matching Hair growth Flap thickness Nostrils size Alar thickness Alar retraction General appearance
1 4 4 4 4 4 4 4

2 3 4 4 4 4 2 3

3 4 4 4 4 4 3 4

4 3 4 4 4 4 4 3

5 4 4 4 4 4 4 3

6 4 4 4 4 4 4 2

7 4 4 3 4 4 3 4

8 4 3 4 4 4 4 4

Note: Absent = 0O, Present = 1, Very poor = 0, Poor = 1, Moderate = 2, Good = 3, Excellent = 4.

FIGURE 3

Preoperative views

(score 7.6 out of 10), and the appearance of the naso-labial groove (score
9.25 out of 10); similarly, the functional satisfaction rate considering nasal
airway flow, snoring, olfaction, nasal bleeding, and voice quality showed
overall a good subjective nasal function (Table 2). In addition, all patients
were asked to rate the leg donor site discomfort that was recorded to be
minimal (score 1.5 out of 10).

The objective functional evaluation showed good functional
results regarding the absence of alar collapse or nasal whistle even

during forced inspiration and expiration, the rhinoscopy did not dem-
onstrate the presence of crusts in any case but revealed the presence
of synechiae in two patients, while mucosal dryness was detected in
all the patients, probably related to the change of the internal struc-
ture of the nose due the surgical resection. The objective aesthetic
evaluation revealed a satisfying score regarding color match, hair
growth, flap thickness, nostrils size, and ala thickness, while one
patient had substantial and two had moderate alar retraction, possibly



due to scar healing (Table 3). The overall appearance was rated excel-
lent/good for all patients except for one that was considered to have
a moderate satisfying results, even though the subjective evaluation
reported by the same patient was valuated as pleasing.

4 | CASE REPORTS

41 | Casel
A 73-year-old man who suffered a subtotal tip/alar excision for a
squamous cell carcinoma (Figure 3). The patient received a delayed
reconstruction with a 3.2cm x 2.4 cm MFCFF with 6 cm pedicle
length that was harvested and fixated to reconstruct the bony/carti-
lage defect and the vascular anastomosis where performed as ETE to
the facial vessels (Figure 4). A left paramedian forehead flap was then
raised and used as external lining coverage, in a shape that could give
an adequate dorsum, alar, and columella shape (Figure 5). The postop-
erative period was uneventful.

The final subjective aesthetic self-evaluation showed a score of
9 out of 10 (O—poor, 10—excellent), the subjective functional self-
evaluation a score of 0.83 (0—no discomfort, 4—maximum discomfort)
while the objective aesthetic evaluation showed a score 3.8 (0O—poor,
4—excellent) and an objective functional evaluation of 0.4 (0—no
functional impairment, 1—functional impairment).

Final aspect at 6 months after the reconstructive stage (Figure 6)

and postop donor site (Figure 7).

42 | Case?2

A 59-year-old women that underwent a subtotal dorsum/tip/alar exci-
sion for a squamous cell carcinoma and had a delayed reconstruction
with the combination of a 3.8 cm x 2.5 cm MFCFF, pedicle length

6.7 cm, and left paramedian forehead flap (Figures 8 and 9). No com-
plications occurred in the postoperative period. The subjective aes-
thetic and functional evaluations showed scores of 7.75 (0—poor, 10-
excellent) and 0.33 (0—no discomfort, 4—maximum discomfort),
respectively, an objective aesthetic evaluation of 3.8 (0O—poor,
4—excellent) and an objective functional evaluation of 0.2 (0—no

functional impairment, 1—functional impairment).

FIGURE 5
Columella view

Intraoperative detail at the end of the surgery.

FIGURE 4
facial vessels, and covered with the paramedian forehead flap

Intraoperative detail with the medial femoral condyle free flap shaped and fixated, the vascular anastomosis performed to the



FIGURE 7 Donor site scar at 6 months

The final aspect at 6 months after surgery (Figure 10).

5 | DISCUSSION

Total or subtotal full thickness loss of nasal tissue is a clinical contin-
gency that can be encountered while treating skin oncology, severe
burns or traumas and it is widely known that demanding

FIGURE 8

Preoperative view

reconstructive skills are required since the restoration of all the three
layers (internal lining, rigid framework and skin cover) appears to be
mandatory.

A careful analysis of the defect must take into consideration what
will be required for restoration of the different structural elements
and subunits. Since extensive loss of tissues cannot be managed with
only local flaps the final reconstruction can be generally obtained with
multistaged procedures, often involving the need for microvascular



FIGURE 9

Intraoperative detail with medial femoral condyle free flap in place and the paramedian forehead flap as external coverage

FIGURE 10 Postoperative follow-up at 6 months

free flaps (Antunes & Chalian, 2011; Kim, Boahene, Byrne, & Desai,
2017; Mathy & Pribaz, 2009).

The free flap reconstruction brings well vascularized tissue to an
area that may need postoperative irradiation and generally offer a
robust reconstruction also in countering wound contracture while, on
the other hand, it is commonly burdened by skin color mismatch and
tissue thickness that may become even a more significant concern
(Menick, 2008; Menick & Salibian, 2011).

For the external nasal layer, the paramedian forehead flap tradi-
tionally represents the workhorse in extensive nasal defects recon-
struction due to its unique color match, texture, and thickness
(Jellinek, Nguyen, & Albertini, 2014); however, a rigid nasal scaffold
needs to be provided in order to maintain the nasal three-dimension-
ality. Different options have been described such as a cartilage or
bone graft or titanium mesh, but they experience additional morbidity
of the donor site, high percentage of resorption or risk of implant
exposure respectively; in addition, they are extremely sensitive to
infection which is a well-established cause of graft/prosthetic implant
reconstruction failure (Bakri, Shin, & Moran, 2008; Bikhazi, Chow, &
Maas, 1997; Henry et al., 2010).

For this purpose, the MFCFF appears to fulfill most of the require-
ments needed for the internal and middle nasal layer reconstruction: the
laminar and pliable cortical bone can be easily mold into a tent-like shape
without compromising its vascular supply, it offers a stable and long-lasting
bony support and the thin and highly vascularized periosteum (that will ulti-
mately mucosalize) prevents the need for internal debulking procedures.

The MFCFF has been popularized by Birger (Cherubino et al.,
2017) and it constitutes an excellent source of vascularized bone,
ideal for the treatment of complex defects necessitating vascularized
osseous reconstruction with minimal donor site morbidity (Jones Jr,
Moran, Bishop, & Shin, 2010). It was firstly described and mostly used
in the orthopedic upper and lower limb reconstruction (Del Pifal
et al,, 2007; Doi & Hattori, 2009; Jones et al., 2010; Rao, Sexton, &
Higgins, 2013) and later in oral and maxillofacial reconstruction of the
mandible (Lee, Hackenberg, Halvorson, & Caterson, 2014).

The MCFF for nasal reconstruction has been recently exploited
and developed by Biirger, who used a corticoperiosteal flap in combi-
nation with a skin paddle to reconstruct the bony scaffold and the
internal lining with a single flap (Gaggl, Burger, & Chiari, 2012). How-
ever, the thickness of the subcutaneous tissue of the medial knee



region generally requires immediately defatting to avoid bulkiness of
the recipient area and to achieve a more pleasing aesthetic result
(Borumandi, Birger, Brandtner, & Gaggl, 2013).

To the best of our knowledge, this report represents a novel approach
and the first case series description of total/subtotal nose reconstruction
with the combination of the MFCFF and paramedian forehead.

This type of combined reconstruction, in our hand, demonstrated
to be an effective and reliable solution for nasal extended full thick-
ness defects (Cherubino et al., 2016). The subjective and objective
evaluation of both aesthetic and functional outcomes showed an
overall pleasing satisfaction rate with minimal donor site discomfort
and the aesthetic alteration recorded did not seemed to represent a
distressing element in the physiologic facial harmony and the data
obtained are in accordance with those present in literature (even
though they evaluated smaller nose defects; Arden, Nawroz-Danish,
Yoo, Meleca, & Burgio, 1999; Mureau, Moolenburgh, Levendag, &
Hofer, 2007; Singh & Barlett, 2003).

Considering the cases herein reported, the main advantages are
represented by the possibility to obtain a robust, reliable and pleasant
total/subtotal nose reconstruction, with all the three nasal layers
reconstructed and with minimal donor site discomfort (mild to no dis-
comfort in the medial femoral region and no discomfort, except for
the presence of a scare, in the forehead); among the disadvantages
we can list the need for a two-stage procedure (necessary to cut the
paramedian forehead pedicle) after 3 weeks from surgery, the need to
perform a delicate MFCFF harvesting in order to recruit only the peri-
osteum and a thin layer of cortical bone and the impossibility of a
direct clinical monitoring, since the MFCFF is completely buried.

In addition, the small cohort of patients represent a limit of the
report but, at the present time, these data seem to be encouraging
while compared with those present in literature even though further
cases and outcomes will need to be treated and assessed. Further
study should be needed, in particular, to compare different types of
total/subtotal nose reconstruction.

6 | CONCLUSIONS

When dealing with extensive full thickness nose defects, a meticulous
evaluation and a subsequential correct planning of the three-
dimensional defect (and reconstruction) are the starting point for a
pleasant functional and aesthetic result, both for the patient and the sur-
geon. In our report, the MFCFF in combination with the paramedian
forehead flap appeared to provide a valid full thickness nose reconstruc-
tion, allowing for the recreation of all the three nasal layers and
maintaining the nose projection and airway patency in the long term
with minimal donor site discomfort. This complex reconstruction will
need further comparison to other total/subtotal nose techniques already

described in order to compare the different techniques and outcomes.
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