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ABSTRACT
composite graft is a useful tool for the reconstruction of specific facial aesthetic subunits with a 
single surgical stage. this technique, when successful, gives optimal results in the reconstruction 
of small defects of nose, ear, eyelid and lips. the aim of this work is to optimize the attachment 
of composite grafts in the reconstruction of small complex facial defects by combining it with 
Fluorescent light energy (Fle) during the healing process of the graft. the beneficial effects of 
photobiomodulation (PBM) on wound healing might be attributed to anti-inflammatory signaling, 
cell proliferation, protein synthesis, and decreased bacterial infection. We previously experienced 
rewarding achievements using Photonic energy in the treatment of burns, non-healing wounds 
and pathological scars. therefore, we chose to exploit the potential of bioluminescent energy to 
maximize aesthetical and functional results, enhancing the formation of new vascular connections 
and modulating both inflammatory and scarring processes. From the 2nd postoperative day, the 
patients were locally treated with 5 Fle sessions every (48/72 h) 2 or 3 days. We evaluated results 
in terms of time for engraftment, quality of the scarring, infective complications and morbidity of 
the donor site. Graft survival is subject to many factors, both local and systemic. to overcome 
these issues, various methods have been studied and described. We here report the successful 
reconstruction of full-thickness defects of the free margin of the nasal alar rim and the central 
portion of the inferior lip with a composite graft. these results were highly encouraging if 
compared with the literature. By analyzing our small cohort, we demonstrated how new 
technologies may push this traditional reconstructive procedure beyond their old boundaries: 
overcoming an increased size demand or a potential infective wound environment.

Introduction

single-stage repair of small complex facial defects still 
represents a challenge for the reconstructive surgeon. 
the free composite graft technique was first intro-
duced by Flanagin in 1956 [1] and has assumed a 
more and more relevant role in the restoration of spe-
cific aesthetic subunits.

Facial soft tissue subunit defects are technically 
challenging to reconstruct due to variable skin texture, 
contour, and color. surgical reconstruction requires a 
delicate balance between reshaping the nasal curva-
tures and predicting scar contracture [2,3].

several techniques have been proposed for the 
reconstruction of the nasal ala and the soft triangle 

including skin grafts, composite grafts and various 
local flaps. None of these techniques are currently 
considered as the golden standard. excellent results 
may be reached with a composite full-thickness graft 
from the ear [4].

For what concerns the lips, they play a dynamic 
role in facial esthetics, human communications, and 
oral functions. Full-thickness defects require meticu-
lous attention to obtain a three-layer closure of 
mucosa, muscle, and skin [5]. Many different recon-
structive solutions have been suggested for lip recon-
struction including skin grafts, composite grafts, local 
flaps and free flaps. after its introduction Millard, as 
well as many surgeons, applied the free composite 
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graft technique for secondary repair of cleft lip defor-
mity [6–9].

composite grafts have high metabolic demands. 
the traditional recommendation is to limit the size of 
composite grafts to 1 cm or less due to limited blood 
flow, which otherwise will lead to tissue necrosis of 
the graft [4,10–12].

Main limitations include variability and unpredict-
ability of ultimate graft survival.

it should not be designed larger than 2 cm in its 
greatest dimension and not be performed in smokers 
and patients with small-vessel disease, such as diabe-
tes or coronary artery disease.

skouge [13] advocated a tongue-in-groove tech-
nique when using composite grafts. this technique 
involves harvesting the graft with cartilage struts 
extending beyond the borders of the soft tissue and 
inserting the border of the graft between 2 layers of 
tissue at the recipient site.

Other adjunctive measures to increase the intake of 
a composite graft include surface cooling with iced 
compresses, which decreases the metabolic demand of 
the graft; hyperbaric oxygen therapy, which promotes 
fibroblast replication, collagen formation, and neovas-
cularization; and pre and postoperative corticosteroids 
[10]. Finally, scarification with a thin needle (20–26 
gauge) coupled with heparin injections can be used 
for decongestion of the graft [14].

Research is looking for new alternatives which could 
improve the engraftment, widen the indications and 
ease the replicability.

Fluorescent light energy (Fle) therapy modulates 
biological processes in different tissues, with a positive 
effect on many cell types and pathways essential for 
wound healing [15].

the beneficial effects of Photobiomodulation (PBM) 
on wound healing might be attributed to anti-inflammatory 
signaling, cell proliferation, protein synthesis, and 
decreased bacterial infection [16].

the BioPhotonic gel, known as lumiheal™ (KlOX 
technologies inc., laval, Qc, canada) consists of a gel 
containing light-absorbing molecules (chromophores) 
that are illuminated by a multi-leD lamp.

chromophores capture light emitted by a blue leD 
lamp and then convert it in a wider emission visible 
spectrum (fluorescence).

the wavelength range is 532–615 nm. several stud-
ies have shown that the most effective wavelengths in 
penetrating the skin and promoting healing are those 
of blue, green, yellow, and orange; each wavelength 
corresponds to a precise biological effect (table 1).

Wavelengths in the 500–700 nm range are suitable 
for treating superficial tissue, while wavelengths 

between 800 and 1000 nm are suitable for deeper tis-
sues [17].

Fle systems comprise a multi-leD lamp (Kt-l lamp, 
Klox technologies inc., laval, Qc, canada) and a topi-
cal photoconverter substrate available as an amor-
phous gel (Fle-Gel) or sheet hydrogel matrix 
(Fle-Matrix) (lumihealtM Gel and lumihealtM Matrix, 
Klox technologies inc., laval, Qc, canada). the 
multi-leD lamp emits non-coherent light in the 400–
520 nm range, peaking at approximately 447 nm, with 
a power density between 110–150 mW/cm2 at a 5 cm 
distance from the leDs. the lamp features a 5-minute 
timer and a distance indicator. the Fle photoconvert-
ers contain a chromophore within the gel or matrix 
that absorbs some photons from the multi-leD lamp 
and emits Fle in the 510–700 nm range. consequently, 
cells treated with Fle are exposed to both direct light 
from the multi-leD lamp and Fle emitted from the 
Gel or Matrix photoconverter, covering a spectral range 
of 400–700 nm. Notably, a dose response for Fle can 
be observed by comparing Fle-Gel and Fle-Matrix, as 
Fle-Gel produces 0.1–0.2 J/cm2 of fluorescence 
(approximately 510–700 nm) whereas Fle-Matrix pro-
duces 0.2–0.7 J/cm2 [18].

We performed three composite grafts: two in an 
elective setting for alar nasal reconstruction using a 
chondrocutaneous flap from the auricular helix, and 
one in an emergency setting for labial reconstruction 
following a dog bite injury. Revascularization of the 
grafts begins between 24 and 48 h post-attachment. 
therefore, our protocol, aimed at accelerating the neo-
angiogenesis process, starts on the second postopera-
tive day. Patients undergo five Flet sessions every 2 
or 3 days.

the procedure was performed under general anes-
thesia. sterile draping and iodopovidone disinfection 
are used for each case. Preoperative single dose of 2 g 
of cefazolin was administered. all defect areas were 
thoroughly debrided and irrigated. in cases where the 
composite graft site is potentially contaminated (such 
as in emergency settings), thorough debridement is 
conducted to remove any debris and necrotic tissue, 
followed by multiple pressure washings with physio-
logical saline solution. after the surgical procedure the 
dressing is done with paraffinated gauze and ster-
ile gauzes.

at 48 h, after meticulous removal of the dressing, 
we performed the Flet treatment. to prepare the 
chromophore solution, it must be gently mixed with 
the inert gel to obtain a homogeneous preparation, 
avoiding prolonged light exposure. after proper disin-
fection and cleansing with saline solution, the chro-
mophore gel is then applied to the graft area and the 
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Table 1. Wavelengths of Flet and their biological effects.
Visible light spectrum effects on biological targets

Wavelength range Visible light spectrum Biological effect target Main outcome

660–780 nm yellow to Red decrease in fluid loss, tissue 
destruction and inflammation 
while increasing the deposition 
of collagen fibers, larger 
amounts of granulation tissue, 
less edema, a more vigorous 
inflammatory reaction and 
increased revascularization

third-degree burns in rats inflammatory Modulation

632.8-nm yellow to orange significantly increases gene 
expression of tgF-β1, while 
significantly reducing 
inflammation in both 
nondiabetic and control rats 
leading to wound healing

surgically tenotomized achilles 
tendons in rats

inflammatory Modulation

660 and 880 nm Red Reduces the initial ulcer area by 
13-fold versus control subjects

patients with grade ii pressure 
ulcers

tissue proliferation and matrix 
deposition

660 nm Red Full granulation and ulcer closure 
in 86% of the patients

patients with recalcitrant venous 
ulcers due to chronic venous 
insufficiency syndrome

tissue proliferation and matrix 
deposition

633 or 830 nm yellow to Red Cell migration, viability and 
proliferation

skin fibroblasts in diabetic 
wounds

tissue proliferation and matrix 
deposition

633 nm yellow/orange alleviating induced rat diabetic 
ulcers by an average of about 
10%, although some diabetic 
ulcers can achieve 39% 
improvements

diabetic ulcers tissue proliferation and matrix 
deposition

632.8 Red tissue healing by inducing a 
significant increase in dermal 
angiogenesis

Chronic radiation-induced 
dermatitis in breast cancer

tissue proliferation and matrix 
deposition

670 nm Red Human umbilical vein endothelial 
cell proliferation

neoangiogenesis and wound 
healing

neoangiogenesis and wound 
healing

660 nm Red increased secretion of the growth 
factors VegF, basic FgF and 
HgF as well as increased 
neovascularization of the 
wound bed and regeneration 
of the skin than occurs in 
controls

skin wound bed in athymic mice neoangiogenesis

400–800 nm Violet to Red (full 
range)

62 and 83%, and 56% reduction 
in the colony count of e. coli, 
streptococcus aureus and s. 
marcescens, respectively

Bacterial strains from clinical 
specimens

antibacterial actions

530 nm green inactivating bacteria such as 
s.  mutans that is related to 
dental caries

Cariogenic bacteria antibacterial actions

Created by the authors with the following references.
1. Meirelles gC, santos Jn, Chagas po, et  al. a comparative study of the effects of laser photobiomodulation on the healing of third-degree burns: a 
histological study in rats. photomed laser surg. 2008;26(2), 159–166.
2. aliodoust M, Bayat M, Jalili MR, et al. evaluating the effect of low-level laser therapy on healing of tenotomized achilles tendon in streptozotocin-induced 
diabetic rats by light microscopical and gene expression examinations. lasers Med sci. 2014;29(4):1495–1503.
3. dehlin o, elmstahl s, gottrup F. Monochromatic phototherapy: effective treatment for grade ii chronic pressure ulcers in elderly patients. aging Clin exp 
Res. 2007;19(6):478–483.
4. dixit s, Maiya ag, umakanth s, et  al. Closure of non-healing chronic ulcer in Klippel-trenaunay syndrome using low-level laser therapy. BMJ Case Rep. 
2012;2012:bcr2012006226. doi:10.1136/bcr-2012-006226.
5. Houreld n, abrahamse H. low-intensity laser irradiation stimulates wound healing in diabetic wounded fibroblast cells (Ws1). diabetes technol ther. 
2010;12(12):971–978.
6. al-Watban Fa. laser therapy converts diabetic wound healing to normal healing. photomed laser surg. 2009;27(1):127–135.
7. schindl a, schindl M, pernerstorfer-schon H, et  al. low intensity laser irradiation in the treatment of recalcitrant radiation ulcers in patients with breast 
cancer – long-term results of 3 cases. photodermatol photoimmunol photomed. 2000;16(1):34–37.
8. schindl a, Merwald H, schindl l, et  al. direct stimulatory effect of low-intensity 670 nm laser irradiation on human endothelial cell proliferation. Br J 
dermatol. 2003;148(2):334–336.
9. park is, Chung ps, ahn JC. adipose-derived stromal cell cluster with light therapy enhances angiogenesis and skin wound healing in mice. Biochem 
Biophys Res Commun. 462(3):171–177 (2015).
10. lipovsky a, nitzan y, lubart R. a possible mechanism for visible light-induced wound healing. lasers surg Med. 2008; 40(7):509–514. doi: 10.1002/
lsm.20668.
11. nagata Jy, Hioka n, Kimura e, et  al. antibacterial photodynamic therapy for dental caries: evaluation of the photosensitizers used and light source 
properties. photodiagnosis photodyn ther. 2012;9(2):122–131.
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surrounding skin, initiating the photonic therapy. the 
leD lamp is positioned 5 cm from the skin surface in 
a dark room environment, and the treatment lasts for 
5 min. During the procedure, all patients, physicians, 
and caregivers exposed to the lamp light wear protec-
tive glasses. Our protocol includes 3–5 sessions, with 
each treatment performed every 48 to 72 h if any 
pain, burning sensation, or allergic response is sus-
pected, the treatment should be immediately sus-
pended, and the area thoroughly cleansed. No 
reactions or side effects were observed during our 
study (table 2).

Results

all the patients were treated with the same protocol 
as previously described (Figures 1–14).

case 1:
a 30 y.o. female patients with left nasal alar defect as 
consequence of a dog bite. Both alar cartilage and the 
soft triangle layer were involved. 10 days after the 
trauma, following an appropriate antibiotic therapy 
(amoxicillin and clavulanic acid pot 875 mg/125 mg 
three times a day for 6 days) and local dressings, the 
patient underwent the reconstructive surgery through 

a composite condro-cutaneous graft harvested from 
the left auricular helix. the graft was fixed after an 
appropriate debridement to the wound margins with 
5.0 Vicryl Rapid and 5.0. Nylon. Dressing was done 
with paraffined gauze and sterile gauzes.

the donor site was repaired with direct suture with 
5.0. Nylon.

During the healing phase the patient underwent 5 
Fle sessions every 3 days since the 2th postopera-
tive day.

Figure 1. preoperative picture. property of plastic surgery 
unit, university Hospital of padova, padova, italy. the patient 
provided informed consent and authorized the use of the pic-
ture for all scientific purposes.

Figure 2. intraoperative picture. property of plastic surgery 
unit, university Hospital of padova, padova, italy. the patient 
provided informed consent and authorized the use of the pic-
ture for all scientific purposes.

Figure 3. 4 Weeks postoperative picture. property of plastic 
surgery unit, university Hospital of padova, padova, italy. the 
patient provided informed consent and authorized the use of 
the picture for all scientific purposes.

Table 2. protocol and treatment session details.
parameter details

initiation timing From 48 h post-operation
distance from target =/5 cm
duration 5 min
Frequency every 2 or 3 days
number of sessions 3–5
Cessation criteria non compliance, pain, burning sensation or 

allergic response

property of plastic surgery unit, university Hospital of padova via 
giustiniani 2, 35128, padova, italy.
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case 2:
a 5 y.o. child presenting a full-thickness left alar pres-
sure wound deformity due to prolonged nasogastric 
intubation.

the procedure included the dissection of the 
condro-cutaneous flap of the ala which was overturned.

the graft, which was raised from the left radix of 
the helical root, was then shaped, thinned and placed 
over the flap to recreate the natural thickness and cur-
vature of the soft tissue triangle. the graft was fixed 
with 5.0. Vicryl Rapid stitches while the ear was closed 
with direct suture in 4.0. Vicryl and 5.0. Vicryl Rapid 
stitches.

From the 2nd postoperative day the patient was 
locally treated with 5 Fle sessions every 2 days.

case 3:
a 23 y.o. female patient presented to the eR for a dog 
bite which had ripped her off a full thickness flap of 

inferior labial mucosae, subcutaneous and orbicularis 
oris muscle.

after appropriate irrigation and debridement of the 
wound bed, the torned part of the lip was shaped and 

Figure 4. pre-operative marking: defect. property of plastic 
surgery unit, university Hospital of padova, padova, italy. the 
patient provided informed consent and authorized the use of 
the picture for all scientific purposes.

Figure 5. pre-operative marking: donor graft site.

Figure 6. shaping of the graft. property of plastic surgery 
unit, university Hospital of padova, padova, italy. the patient 
provided informed consent and authorized the use of the pic-
ture for all scientific purposes.

Figure 7. intraoperative: attachment of the graft. property of 
plastic surgery unit, university Hospital of padova, padova, 
italy. the patient provided informed consent and authorized 
the use of the picture for all scientific purposes.
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Figure 8. intraoperative: attachment of the graft. property of 
plastic surgery unit, university Hospital of padova, padova, 
italy. the patient provided informed consent and authorized 
the use of the picture for all scientific purposes.

Figure 9. 4 days postoperative picture: during Flet therapy. 
property of plastic surgery unit, university Hospital of padova, 
padova, italy. the patient provided informed consent and 
authorized the use of the picture for all scientific purposes.

Figure 10. 15 days postoperative picture property of plastic 
surgery unit, university Hospital of padova, padova, italy. the 
patient provided informed consent and authorized the use of 
the picture for all scientific purposes.

Figure 11. 15 days postoperative picture. property of plastic 
surgery unit, university Hospital of padova, padova, italy. the 
patient provided informed consent and authorized the use of 
the picture for all scientific purposes.
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used as a composite graft and was sutured with 4.0. 
Vicryl Rapid stitches.

During the attachment process, the patient under-
went systemic antibiotic treatment (amoxicillin and 
clavulanic acid pot 875 mg/125 mg three times a day 
for 6 days), and as per protocol we implemented from 
2th post-operative day 5 Fle sessions every 3 days.

Discussion

For the reconstruction of small specific areas for 
post-oncological, post-traumatic or malformative rea-
sons the composite graft, both heterotopic and homo-
topic, represents an ancillary single-stage procedure 
that can offer satisfying outcomes.

especially, when a rigid structure with a soft tissue 
coverage or a multi-layered myocutaneous segment is 
required, composite grafting may offer an ideal solu-
tion. this technique is reportedly still underused in 
facial reconstructive surgery due to high rates of graft 
failure which are referable to blood supply issues [19].

the imbibition of the graft and neo angiogenesis 
remain the crucial elements for its survival and that 
explains the efforts of various authors to improve and 
ease these processes. Metabolic requests grow with 
the size and vary with the composition of the graft.

literature agrees with dimensional safety boundar-
ies of 2–3 cm width defects to be repaired with com-
posite grafting. smoking, Vessels disease and infective 
settings are still considered as main contraindications 
for this procedure [12,20,21].

Different maneuvers, as previously described, have 
been suggested to establish a stable and early blood 
supply to the graft intake. Recognized key factors are 
the shrewdness in the graft design and an appropriate 
preparation of the defect site [10,14,20].

the manipulation of the graft and cartilage remains 
a topic of debate. On one hand, cartilage scarification 
is believed to stimulate chondroblast regeneration, but 
traumatizing such small grafts may compromise their 
integrity and increase the risk of damage [22].

the classic hirase technique [23], which incorpo-
rates cold packs and aluminum foils for composite 
grafts in distal replantation of fingertip avulsions, aims 
to lower the temperature of the amputated finger to 

Figure 12. 3 days postoperative picture. property of plastic 
surgery unit, university Hospital of padova, padova, italy. the 
patient provided informed consent and authorized the use of 
the picture for all scientific purposes.

Figure 13. 3 days postoperative after Flet treatment. property 
of plastic surgery unit, university Hospital of padova, padova, 
italy. the patient provided informed consent and authorized 
the use of the picture for all scientific purposes.

Figure 14. 4 Weeks postoperative picture. property of plastic 
surgery unit, university Hospital of padova, padova, italy. the 
patient provided informed consent and authorized the use of 
the picture for all scientific purposes.
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reduce metabolic demands for the first 72 h. this 
approach minimizes cellular degradation until neoan-
giogenesis begins. however, applying this principle to 
anatomical areas like the nose and lip is impractical, as 
using ice in these regions is challenging. Moreover, 
improper contact with cold sources can result in frost-
bite and graft failure. We believe that accelerating 
angiogenesis and natural healing processes in the 
graft is preferable to merely reducing its metabolic 
demands, giving Flet a significant advantage.

some authors advocate for the use of local antico-
agulants to prevent vascular congestion and promote 
metabolic exchanges in the graft. however, the 
increased risk of bleeding can lead to hematomas and 
subsequent graft loss. steroids, known for modulating 
scarring processes, can cause tissue atrophy and 
delayed healing. additionally, the topical treatments 
mentioned, such as cold packing, heparin, and steroid 
injections, are often painful and poorly tolerated in the 
facial area, especially by younger patients.

While hyperbaric therapy can enhance cellular 
metabolism and promote neoangiogenesis, it requires 
multiple long sessions in a closed environment, and 
the necessary equipment is not widely available in 
smaller centers.

although these techniques have theoretical merit, 
they may not be suitable for all patients and are often 
difficult to reproduce consistently. the simplicity and 
accessibility of Flet treatment may eliminate the need 
for these methods while being equally effective, if not 
superior.

We investigated new technologies for something 
which could improve blood supply while acting on the 
scarring process as secondary soft tissue contracture 
can lead to a very poor cosmetic outcome [19].

Our practice and scientific reports on PBM, espe-
cially Fle KlOX technology in the management of 
wounds showed its ease of use and its low depen-
dence on the operator [19,24].

absorption of photons by ccO (complex iV of the 
mitochondrial respiratory chain, cytochrome c oxidase) 
initiates a biochemical cascade that increases atP and 
ROs generation within the electron transport chain [25] 
Fle is a unique form of photobiomodulation that has 
been demonstrated to enhance the healing of both 
acute and chronic wounds [26]. the beneficial impact of 
Fle on inflammation has been well documented, with 
improved inflammatory profiles observed in clinical tri-
als for wound healing [27], acne treatment [28], and 
management of rosacea [29] and mechanistic in vitro 
studies [30]. these studies have demonstrated that Fle 
can reduce pro-inflammatory cytokines produced by 
human dermal fibroblasts (hDFs), as well as increase 

levels of some anti-inflammatory cytokines, which posi-
tively impact the treatment of chronic wounds.

a series of case studies investigating the effect of 
Fle treatment on acute second-degree burns demon-
strated accelerated wound healing and overall improve-
ment of tissue structure in two cases of severe 
hypertrophic scars (hts) after burn injuries, suggesting 
that Fle balances wound healing at different stages of 
the wound healing and remodeling process [31]. since 
angiogenesis is vital for wound healing, we evaluated 
the number of blood vessels in the collected xeno-
grafts. angiogenesis is crucial for restoring circulation 
in grafted and damaged tissue and is induced by 
growth factors such as vascular endothelial growth 
factor (VeGF) produced by keratinocytes, fibroblasts, 
and macrophages [32].

We found that Fle treatment stimulated healing by 
increasing re-epithelialization, significantly increasing 
epidermal thickness, and reducing dermal thickness 
after 28 days, while decreasing the number of blood 
vessels after 56 days. Moreover, collagen production 
was enhanced at day 28 and significantly reduced at 
day 56, with collagen orientation index (cOi) signifi-
cantly reduced at all three time points. Finally, mast 
cell infiltration, myofibroblast formation, and angio-
genesis were lowered later in the healing process 
(84 days post-treatment) [33].

Generally, we reported very high tolerance to the 
treatment representing an optimal choice for children 
and fragile patients. encouraging non-clinical experi-
mental results by Ding et  al. enlightened how 
Fluorescent light energy modulates healing in skin 
grafted mouse model. they demonstrated how Fle 
may be effective in the promotion of angiogenesis 
and collagen production but capable of limiting the 
undesirable overexpression of VeGF-a and normalizing 
collagen deposition and remodeling in the tissue in 
the long-term [15].

We speculated that Fle could offer a contribution in 
terms of graft take and aesthetic outcome when com-
posite grafting is used, this improved healing could 
potentially overcome the traditional dimensional limits 
of the composite grafts.

in the 3rd case, we applied this technology to gain 
both an anti-inflammatory and antiseptic action in the 
replantation of the avulsed composite tissue obtaining 
a promising post-procedural result.

Conclusions

in conclusion, we successfully reconstructed full-thickness 
defects of the free margin of the nasal alar rim and the 
central portion of the superior lip using composite 
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grafts. Our outcomes demonstrated excellent functional 
and cosmetic results, even in high-risk infective settings.

Future studies are needed to elucidate the specific 
molecular pathways activated by Fle treatment that 
contribute to its beneficial effects. Potential mecha-
nisms likely involve photon absorption by endogenous 
chromophores, utilization of photonic energy, and 
modulation of mitochondrial activity, including atP 
production. these processes regulate cellular activa-
tion, migration, and protein synthesis, which are critical 
in wound healing. however, the small number of cases 
in our study limits the generalizability of our findings.

We believe that surgeons should consider Fle as a 
valuable tool to enhance composite graft survival and 
healing and improve scar process. expanding the use 
of Fle in clinical practice could significantly benefit 
patient outcomes in reconstructive surgeries.
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