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Abstract: The use of hyaluronic acid (HA) injectable fillers has become increasingly widespread in
facial recontouring and rejuvenation. We report our experiences to emphasize the role of HA fillers
as tools beyond aesthetic treatments in cases of post-surgical facial sequelae. HA fillers are generally
used for aesthetic rejuvenation, but one potential new horizon could be their application in trauma,
reconstructive, and craniofacial surgery. This study was conducted retrospectively, evaluating
medical reports of patients treated at the Maxillofacial Surgery Unit, University of Campania “Luigi
Vanvitelli”, Naples, for lip incompetence, trauma, oncological, reconstructive, and craniosynostosis
surgery sequelae. Visual analog scale (VAS) evaluation was performed to assess patient satisfaction.
No major complications (i.e., impending necrosis or visual loss) were reported. Bruising and swelling
was reported for 48 h after lip injection. At the immediate VAS evaluation, 67% of the patients
were “extremely satisfied” and 33% “satisfied”. In those 33%, VAS scores changed to “extremely
satisfied” at 69 weeks and 3-6 months of VAS evaluation (contextually to improvement in tissue
flexibility, elasticity, and aesthetic appearance). Results indicate that this minimally invasive approach
achieves a high level of aesthetic enhancement, improving patient satisfaction. The concept of HA
filler applications could be a frontier that may be applicable to other areas of reconstructive facial
plastic surgery.

Keywords: facial reconstruction; craniosynostosis; facial trauma; post-surgical facial sequelae;
hyaluronic acid filler; facial plastic surgery; craniomaxillofacial surgery; reconstructive surgery;
surgical oncology; non-surgical approach

1. Introduction

The use of hyaluronic acid (HA) injectable fillers has become increasingly widespread
in facial recontouring and rejuvenation, with significant relevance in plastic surgery. Even
with increasing popularity of facial tissue augmentation in recent years, it is not a new
theory. A fat grafting technique was introduced more than a century ago [1]. Other mate-
rials, such as polymethylmethacrylate (PMMA), hydroxyapatite cement (HAC), paraffin,
and silicone have been utilized with overriding limitations (e.g., toxicity and foreign body
reactions) [2]. It was only in the past two decades that safe, biocompatible, non-allergenic,
and injectable hyaluronic acid (HA) filler products were developed and approved by the
U.S. Food and Drug Administration [3]. According to the American Society of Plastic
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Surgeons’ 2020 statistics [4], the use of HA fillers in facial non-surgical contouring has
significantly increased due to their versatility, effectiveness, and rare adverse reactions [5].
Moreover, the number of available HA injectable fillers for facial recontouring has raised
dramatically in the last several years and the range of products to choose from has also been
impressively expanded through innovative fillers manufacturing technologies. Different
products could share the same indications, yet consist of very different physicochemical
profiles [6,7]. These features distinguish products according to functionally important
aspects and have become effective ways for surgeons to select which materials are the most
suitable for a given surgical need.

Compared to surgery, they provide facial rejuvenation and aesthetic enhancement at a
lower cost, with less complications, minimal downtime, and immediate results. Although
HA injections are excellent tools utilized in facial cosmetic improvements, they could also
be applied to treat facial deformities resulting from traumatic events, orbital and periorbital
surgeries, tumor resections, congenital deformities, burns, scars, and facial palsy [8-11].
Injective techniques could also be utilized for HIV-related facial lipoatrophy or progressive
hemifacial atrophy [12-17]. Although hyaluronic acid is widely used for cosmetic purposes,
in the literature, little is known about this procedure in reconstructive approaches [8-19].

Facial reconstruction is considered one of the most challenging procedures in plastic
surgery; despite the refinement of current techniques, disfiguring anomalies are frequently
observed postoperatively, in the form of slightly hollow scars, insufficiently marked lips,
asymmetries localized in the nose, skull, midface, chin, or mandibular angle [20-25]. Aes-
thetic improvement is demanded from these patients (who are usually teenagers or who
have undergone many troublesome surgeries) [22-24]. Viscoelastic properties, hydrophilic-
ity, affordability, safety, biocompatibility, effectiveness, and the non-immunogenicity of
HA fillers have prompted us to use this approach in these indications. Determining the
appropriate HA gel is based on multiple variables, including ease of injection, longevity,
surgeon preference, and cost-effectiveness. Key variables that characterize the behavior of a
hyaluronic acid-based filler (to determine the most appropriate gel for every reconstructive
purpose) include cohesivity, crosslinking, and HA concentration.

We report our experiences with to emphasize the rule of HA fillers as tools beyond
aesthetic treatments in facial plastic reconstructive surgery and aesthetic medicine. HA
fillers are generally used for aesthetic rejuvenation, but one potential new horizon could be
their application in trauma, reconstructive, and craniofacial surgery.

2. Materials and Methods

This study was conducted retrospectively, evaluating medical reports of patients
treated at the Maxillofacial Surgery Unit of the University of Campania “Luigi Vanvitelli”,
Naples. The study was approved by the internal ethics committee at the University
(AOU Universita della Campania Vanvitelli—0019140/1). A total of 6 patients (4 men and
2 women; age range, 26-75), from May 2019 to May 2021, were collected.

Eligible criteria for inclusion: aged 18 and older, previous craniomaxillofacial onco-
logical surgery, craniosynostosis surgery sequelae, history of facial trauma, reconstructive
facial surgery sequelae. Excluded from participation were patients already receiving facial
injections of any other product. Other exclusion criteria were any active infections on
the face, chemotherapy, radiotherapy, pregnancy, breastfeeding, and poorly controlled
diabetes mellitus. A visual analog scale (VAS) evaluation was performed to assess patient
satisfaction immediately, 6-9 weeks, and 3-6 months after procedure, where 0 represented
“Not satisfied” and 100 “Extremely satisfied”.

2.1. Case 1

A 26-year-old man with a history of facial trauma was referred to the Maxillofacial Unit
at University of Campania “Luigi Vanvitelli”, Naples. After the traumatic event, the patient
experienced only swallowing without functional impairment. His family doctor suggested
pharmacological therapy to reduce edema. Swallowing disappeared a few weeks later,
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and the patient noted facial asymmetry; thus, he underwent a computed tomography (CT)
evaluation. TC results showed a complete fracture of the zygomatic arch.. After several
surgical counseling sessions, the patient arrived at our department 9 months after trauma.
Clinical assessment was performed, with the aim to exclude functional disorders, such as
reduction in mouth opening. A diagnosis of a poor consolidated malar bone fracture was
confirmed at the CT scan examination (Figure 1).

Figure 1. CT imaging of the left displaced malar fracture. Blue dots describe HA injection deep to
the bone.

We proposed both surgical and non-surgical approaches. In the surgical option,
reduction and rigid fixation was suggested. The non-surgical option was based on HA filler
injection to restore the proper projection of the injured side. The patient, clearly informed
about the non-permanent effect of the procedure, opted for the non-surgical approach. After
careful radiological evaluation, we injected 1 mL of VYC-20L, a 20-mg/mL, 1,4-butanediol
diglycidyl ether (BDDE) cross-linked, HA gel (Juvederm Voluma with Lidocaine, Allergan
Inc., Irvine, CA, USA) deep to the bone, 0.2 mL in medial area, 0.4 mL in two points in the
lateral area. We then injected 1 mL of VYC-17L, a 17.5 mg/mL, 1,4-butanediol diglycidyl
ether (BDDE) cross-linked, HA filler (Juvederm Volift with Lidocaine, Allergan Inc., Irvine,
CA, USA) in the subcutaneous layer with cannula, with the aim to restore malar projection
(Figure 2).

Figure 2. Preoperative marking of a patient presenting poor consolidated malar bone fracture.

The patient was followed up for 1-year showing stable results (Figures 3 and 4).

Figure 3. Preoperative, 2- and 12-months postoperative frontal view results of the same patient
shown in Figure 2.
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Figure 4. Preoperative, 2- and 12-months postoperative, three-quarter left view results of the same
patient shown in Figure 2.

2.2. Case 2

A 54-year-old female patient referred to our department for labial incompetence
management (Figure 5).

Figure 5. Frontal view of 54-year-old Caucasian woman presenting lip incompetence.

Lip incompetence and lower teeth display at rest were secondary to an excessive
resection of lower lip mucosa after lip implant removal performed by another surgeon.
The patient was scheduled to have surgical repair of the defect, with the aim to achieve
lip restoration. During preoperative evaluation, a solitary pulmonary nodule revealed
lung cancer. For this reason, a cosmetic surgical approach could not be performed. Thus,
a minimally invasive procedure was offered to temporarily improve her lip appearance.
Hyaluronic acid injections were planned. Injections were performed with a 15 mg/mL, 1,4-
butanediol diglycidyl ether (BDDE) cross-linked, HA filler (Teosyal PureSense Redensity II,
Teoxane, Geneva, Switzerland). A total of 3 mL of HA filler was injected. HA perpendicular
injections were performed through the skin, into the inner side of the lip, to obtain lip
eversion, and to recruit tissues to cover the lower displayed teeth. No touch-up was
required. At 3- and 6 month follow-ups, stable results were observed (Figures 6 and 7).

Figure 6. Frontal view of the same patient shown in Figure 5 at the 3-month follow-up of hyaluronic
acid injections performed to restore lip competence.
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Figure 7. Frontal view of the same patient shown in Figure 5 at the 6-month follow-up of hyaluronic
acid injections performed to restore lip competence.

2.3. Case 3

A 34-year-old man was referred to the Department of Craniomaxillofacial Surgery of
the University of Campania “Luigi Vanvitelli”, Naples. The patient was treated for sagittal
craniosynostosis at 6 months old and the reconstructive procedure was performed via a
bicoronal approach. In spite of the effectiveness of the surgical procedure, the stigmata were
not totally hidden. A bilateral hollow was present in the temporoparietal area (Figure 8).

Figure 8. A 34-year-old man with craniosynostosis surgery sequelae.

The patient asked for non-surgical cosmetic enhancement of the region; thus, he under-
went the HA filler injection approach. Five multiple injective sessions of 28 mg/mL, polyethy-
lene glycol diglycidyl ether (PEGDE) cross-linked, HA hydrogel (Neauvia Organic Intense,
Matex Lab, Lugano, CH) were required to achieve the excellence of morphological results.

According to the preoperative planning, the senior author injected deep to the bone, in
order to improve volumetric deficiencies and to restore the eurhythmy of the temporopari-
etal shape. A total of 4 mL of HA filler was injected to each side during each injective
session (Figure 9).

Figure 9. Immediate postoperative lateral right view result of the same patient shown in Figure 8.

At the 13-month follow-up, we assessed the stability of the results (Figure 10).

Figure 10. The 13-month postoperative lateral right view result of the same patient shown in Figure 8.
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2.4. Case 4

A 59-year-old female patient with prior smoking history presented to our Craniomax-
illofacial Surgery Unit for evaluation of a mass near the angle of her left mandible. Fine
needle aspiration (FNA) cytology was consistent with pleomorphic adenoma, and preop-
erative magnetic resonance imaging (MRI) showed a 63—47-35 mm solid mass involving
superficial and deep lobes of the parotid gland. The patient underwent nerve-sparing total
parotidectomy that resulted in severe facial disfiguration (Figure 11).

Figure 11. A 59-year-old female with post-parotidectomy facial defect.

The patient asked for cosmetic improvement of the region, but, at the same time,
refused to underwent reconstructive surgery. Thus, the HA filler approach was planned to
restore facial defects after the parotidectomy procedure and to improve facial eurhythmy.
Injection of a 26 mg/mL, polyethylene glycol diglycidyl ether (PEGDE) cross-linked, HA
hydrogel (Neauvia Organic Intense Flux, Matex Lab, Lugano, CH) was performed in a
subcutaneous layer with cannula. A total of 4.5 mL of HA filler was injected. The treatment
resolved the skin depression in the left parotid area (Figure 12).

Figure 12. Immediate postoperative result of the same patient shown in Figure 11.

Any further treatment was required. At the 6-month follow-up, the results re-
mained stable.

2.5. Case 5

A 74-old-man was referred to the Department of Craniomaxillofacial Surgery at the
University of Campania “Luigi Vanvitelli”, Naples, for evaluation of a maxillary malignant
tumor. After tumor resection, facial reconstructive surgery was performed. Superficial
temporal artery perforator (STAP) flap was harvested for the restoration of intraoral defect
(Figure 13) and the donor site was contextually skin grafted (Figure 14).

Figure 13. Maxillary malignant tumor (A); intraoperative picture of flap harvesting (B); reconstruction
of intraoral defect (C).
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Figure 14. Split thickness skin graft in forehead region.

The flap healed without any complications. Five repeated hyaluronic acid injections
of a 20 mg/mlL, 1,4-butanediol diglycidyl ether (BDDE) cross-linked HA filler (Hyamira
Basic, Nyuma Pharma, Arona, Italy) were performed to reduce the concave aspect of the
grafted site. HA injections were performed deep to the bone. A total of 0.2 mL of HA filler
was injected during every injective session. The results remained stable at the 9-month
follow-up (Figure 15).

Figure 15. Aesthetical improvement in the forehead region after multiple HA injections: 9-month
follow-up results of the same patient are shown in Figure 14.

2.6. Case 6

A 55-year-old man presented to our Craniomaxillofacial Surgery Unit for hard palate
carcinoma. Tumor resection and reconstructive surgery were performed (Figure 16).

Figure 16. Hard palate carcinoma (A); intraoperative picture of tumor removal (B); reconstruction of
intraoral defect (C).

Tunnelized-facial artery myomucosal island flap (t-FAMMIF) was harvested for defect
reconstruction. Although the reconstructive outcome was successfully achieved, donor site
morbidity was revealed as anesthetic notching in the right cheek region (Figure 17).

According to an accurate preoperative planning, HA was injected in a grid-like
fashion with the purpose to restore facial eurhythmy. Biphasic injection of a 20 mg/mL,
1,4-butanediol diglycidyl ether (BDDE) cross-linked, HA filler (Hyamira BASIC, NYUMA
PHARM, Arona, Italy) with retrograde technique was performed. A total of 1.8 mL per
session was injected, 9 site injections were given. A total of 0.1 mL was injected deeply and
0.1 mL superficially at the same site injection (Figure 18).

This approach was performed with the aim to restore both superficial and muscular
layer impaired from the surgery. Two consecutive sessions were required. No functional
limitation in the mouth opening was reported. Aesthetic restoration was achieved and the
outcomes remained stable at the 8-month follow-up (Figure 19).
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Figure 17. Donor site morbidity: anesthetic notching in right cheek region.

Figure 18. Preoperative planning, HA was injected in a grid-like fashion: preoperative planning (A).
Biphasic injection with retrograde technique was performed; nine site injections were given (B,C).

Figure 19. Aesthetical improvement in the right cheek region: 8-month follow-up result of the same
patient shown in Figure 17.

Patient and HA filler reconstructive procedure data are summarized in Table 1.
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Table 1. Patient and HA filler reconstructive procedure data.

Subject (Case)

Age Anatomical Area Anamnesis

Number of HA Amount

Sessions per Session
1 M 26 Right Malar area Facial trauma (zygomatic arch fracture) 1 2mL
2 F 54 Lip ) Labial incompetence 1 3mL
(permanent implant removal surgery sequelae)
3 M 34 Temporoparietal area Facial malformation surgery sequelae 5 4mL
4 F 59 Left parotid area Nerve-sparing total parotidectomy sequelae 1 4.5mL
5 M 74 Left forehead region Reconstructive surgery sequelae (STAP flap) 5 0.2 mL
6 M 55 Right cheek region Reconstructive surgery sequelae (t-FAMMIF) 2 1.8 mL

Abbreviations: HA: hyaluronic acid; STAP flap: superficial temporal artery perforator flap; t-FAMMIF: tunnelized-facial artery myomucosal

island flap.

3. Results

No relevant complications as impending necrosis, visual loss, or blindness were
reported. Bruising and swelling were reported for 48 h after lip injection. Swelling is
generally expected after lip injection with HA gel, a naturally water-attracting material,
especially when a large amount of the product is used. Bruises are not common when
injecting with a surgically-based strategy since most of the vessels are in areas that are not
injected. Nevertheless, this complication was observed in 17% of the cases (Table 2).

Table 2. Incidence and percentage of complications related to HA injection performed.

Impendl.ng Visual Loss Blindness Bruising Swelling
Necrosis
Number of o o o o o
Pationts 0 (0%) 0 (0%) 0 (0%) 1 (17%) 1(17%)

At the immediate VAS-scale evaluation, 67% of the patients were “extremely satisfied”
and 33% “satisfied” (Table 2). The maximum grade of patient satisfaction referred to the
cases of post-parotidectomy facial defect, cheek asymmetry, trauma sequelae, and labial
incompetence. In those cases, the improvement after the injective session resulted in better
mobility of the lip, restoration of the appropriate projection in the zygomatic region, and
adequate softness and eurhythmy of the parotideal or cheek region. Patients with post-
craniosynostosis surgery asymmetry and forehead loss of substance, reconstructed with
skin grafting hampered by stiffness of the skin, correspond to the “satisfied” VAS score.
These patients were slightly less satisfied than the others after the first session of injections
because the volumes to be created were important and required repeat injections. The VAS
score changed to “very satisfied” and to “extremely satisfied” at 6-9 weeks and 3-6 month
evaluations (Tables 3-7), contextually to the improvement in tissue flexibility, elasticity,
and aesthetic enhancement.

Table 3. Patient satisfaction. Visual analog scale (VAS) was used to assess patient satisfaction
immediately after treatment; 100 represents the best possible aesthetic outcome and 0 the worst; 0-74:
not satisfied; 75-79: fairly satisfied; 80-89: satisfied; 90-99: very satisfied; 100: extremely satisfied.

VAS Score 0-74 75-79 80-89 90-99 100
Number of o .
Patients 0 0 2 (33%) 0 4 (67%)

Table 4. Patient satisfaction. Visual analog scale (VAS) was used to assess patient satisfaction 6 weeks
after treatment; 100 represents the best possible aesthetic outcome and 0 the worst; 0-74: not satisfied;
75-79: fairly satisfied; 80-89: satisfied; 90-99: very satisfied; 100: extremely satisfied.

VAS Score 0-74 75-79 80-89 90-99 100

Number of

Patients 0 0 0 2 (33%) 4. (67%)




Appl. Sci. 2021, 11, 7507

10 of 28

Table 5. Patient satisfaction. Visual analog scale (VAS) was used to assess patient satisfaction 9 weeks
after treatment; 100 represents the best possible aesthetic outcome and 0 the worst; 0-74: not satisfied;
75-79: fairly satisfied; 80-89: satisfied; 90-99: very satisfied; 100: extremely satisfied.

VAS Score 0-74 75-79 80-89 90-99 100
Number of o
Patients 0 0 0 0 6 (100%)

Table 6. Patient satisfaction. Visual analog scale (VAS) was used to assess patient satisfaction
3 months after treatment; 100 represents the best possible aesthetic outcome and 0 the worst; 0-74:
not satisfied; 75-79: fairly satisfied; 80-89: satisfied; 90-99: very satisfied; 100: extremely satisfied.

VAS Score 0-74 75-79 80-89 90-99 100
Number of .
Patients 0 0 0 0 6 (100%)

Table 7. Patient satisfaction. Visual analog scale (VAS) was used to assess patient satisfaction
6 months after treatment; 100 represents the best possible aesthetic outcome and 0 the worst; 0-74:
not satisfied; 75-79: fairly satisfied; 80-89: satisfied; 90-99: very satisfied; 100: extremely satisfied.

VAS Score 0-74 75-79 80-89 90-99 100
Number of o
Pationts 0 0 0 0 6 (100%)

4. Discussion

Despite the current refinement of craniofacial plastic surgical techniques in congenital
malformations, tumors, or trauma sequelae, it frequently occurs that, at the end of the
surgical course, aesthetic defects persist as asymmetrical of facial volume, which could
be a relevant cause of considerable patient dissatisfaction [22-30]. Therefore, plastic and
craniofacial applications of mini-invasive techniques should be considered in addition to (or
instead of) surgical reconstructive techniques, with the aim of restoring facial eurhythmy.

For instance, the utilization of adipose tissue transfer for the correction of maxillofacial
defects after reconstructive surgery [26,27,31], first reported at the end of the 19th century
by Neuber [1], has been used for years as an excellent filler during facial enhancement and
recontouring, being highly biocompatible and most natural for facial reconstruction. In the
late 1980s, Illouz presented liposuction techniques and revolutionized fat transplantation,
publishing reports on reinjection of viable fat obtained during liposuction surgery [32-34].
Indeed, with the introduction of liposculpting surgery, fat injection techniques dramatically
reawakened [35-41]. In 1987, Klein introduced tumescent anesthesia [42]. This approach
enhanced the ability to acquire fresh fat for grafting. There are many clinical settings for
which autologous fat is widely used, including congenital, surgical, or traumatic defects,
surgical defects, facial hemiatrophy, and idiopathic lipodystrophy [43—45]. In the last
decade, autologous fat grafting increased in popularity as one of the most rapidly growing
techniques in facial plastic surgery, due to advancement in the procedure of fat cells
harvesting and transplantation. For patients who have substantial volume loss, which
necessitates global volume replacement, fat is a more ideal filler choice, and several authors
have demonstrated excellent reconstructive results [31,44].

An ideal filler material would be readily available, easily acquired, long-lasting,
inexpensive, and would not lead to adverse immunologic reactions. Autologous fat meets
most of these features. It is soft, biocompatible, lacks toxicity, feels natural, and could be
readily harvested and used to improve various reconstructive scenarios. Moreover, adipose-
derived stem cells (ADSC) are enclosed within the grafted fat. ADSC are responsible for
not only volume restoration, but also improvements in quality of the surrounding tissue.
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In fact, recently, structural fat grafting has moved from pure aesthetic surgery to
reconstructive, craniofacial, and regenerative medicine [26,27]. In addition to providing
volume augmentation and a natural filling effect, injected fat is supposed to have a re-
generative ability that improves the texture of the overlying skin [46—48]. Furthermore,
fat tissue has shown striking improvement of tissue texture quality, as well as biocellular
regenerative potential, due to the large amount of mesenchymal stem cells obtained in the
lipoaspirate [47]. The wide availability of adipose tissue combined with a straightforward
mechanical protocol to process the fat tissue into a highly-concentrated solution of ADSC,
brings regenerative surgery into reconstructive practice [27,48].

However, even if its benefits are simplicity and minimal donor site morbidity, this pro-
cedure requires a harvest procedure, additional operative time in harvesting, and decanting
phases. Nevertheless, the greatest challenge of structural fat grafting is in maintaining
its viability: controversy exists in the literature regarding its durability and the long-term
results of lipotransfer are still variable [49]. Furthermore, the fat could not resorb in a
uniform fashion and may lead to asymmetries that may require additional procedures for
correction [50]. The clinical success of the procedure is referred to the long-term volume
maintenance, determined by the ability of the transplanted fat cells to both resist resorption
over time and survive in the new environment [49,51]. Various harvesting, preparation,
and injection techniques have been proposed to improve fat graft survival [52-54]. How-
ever, to date, there is no standard approach with reproducible and predictable outcomes
and this issue has led to debate over the ideal lipofilling approach [49,50,53]. Thus, the
greatest challenge of fat grafting is in preserving its viability and controversy still exists in
the literature, regarding stability and persistence of clinical augmentation with adipose
transplants. It is noted that fat volume stabilizes at 3 to 4 months with a subsequent subtle
decrease in volume for up to a year after the procedure [52]. The resorption rate reported
in the literature ranges from 25% to 90% [55-60]. However, a good result at 6 months
was predictive of a lasting correction [61]. Peer reported an average loss of 45% of the
free fat implant by 1 year and emphasized the importance of a well-vascularized recipient
site [55]. Horl et al. [62] noticed a 55% loss at 6 months, with regular negligible decreases
in volume between 9 and 12 months, as documented by magnetic resonance imaging.
Rigotti [63] noted that many of the fat cells are disrupted and the ADSC carried with the
lipoaspirate repopulate the grafted areas. This could explain both the volume loss and
the improvement of texture and volume in the same grafted areas. Current attempts to
maximize fat graft amount survival and predictability of engraftment focus on harvesting
techniques, fat purification, and infiltration techniques, maximizing the transplantation
of ADSC [64—66]. Significant variables include depth and technique of placement, sample
washing, syringe and cannula size, anesthesia, expertise in surgical harvesting approach,
degree of overcorrection and donor site.

McCurdy et al. [67] analyzed fat cell survival clinically and concluded that insufficient
revascularization of grafted adipose cells is one of the main reasons for graft fat resorption
among all steps of the technique, such as the harvesting technique, the type of fat, recipient
tissue, or internal pressure at the recipient area, which could impair successful engraftment.
Moreover, Glogau reported a great degree of individual variation in adipose survival [68].
Authors underline technical characteristics to the prolonged graft survival [65,67-69]. In
regard to the donor site choice, the medial side of the thigh and knee, the abdomen, hips,
pubis, and gluteal area are the best sites for adipose areas [69]. The donor site should
be easily camouflaged and highly lipogenic, and in recent studies, the best results were
obtained with the fat tissue, where it is more dense and granular [68]. However, especially
when a large amount of product is required for wide reconstructions, obtaining autologous
donor fat could be very challenging, especially in thin, cachectic, or malnourished individ-
uals, such as oncologic patients [45,63]. Transplanted fat tissue seems to last the longest in
areas with least movement, such as the cranial vault, when compared to placing fat into
dynamic facial areas [68-70]. However, clinical experience has shown that the best results
were obtained by transplanting fat tissue inside the muscle, followed by transplantation
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inside fatty tissue [70]. Histologic studies have confirmed that a low negative pressure
technique of aspiration and the use of a rounded cannula causes less trauma, preventing
breakage of the fat cells. Moreover, the dull tip could reduce bruising, swelling, pain, and
vascular compromise [71].

Overcorrection is usually used to balance the postoperative resorption and Herold [72]
stated that it could also enhance the transplanted fat survival rate. In a survey that included
508 plastic surgeons, 87% of those physicians overcorrected with autologous fat grafts [73].
Studies have described the positive effect of platelet-rich plasma (PRP) to enhance survival
of fat grafting [74,75]. Even if injectable fillers for facial reconstruction have been extensively
promoted, few published reports compare the cost-effectiveness of multiple injectable
agents in facial plastic surgery [76].

In a cost-effectiveness analysis for the use of HA filler materials and lipofilling, the cost-
effectiveness of fat is described as debatable, due to fatty tissue variability of resorption
and the increased recovery-time associated with fat harvesting procedure. On a per-
treatment basis, fat grafting appears to be costly when compared with the HA derivatives.
However, if the longevity of HA and fat is taken into account, fat is equal or more cost-
effective. This evidence could be explained to the fact that the HA filler could require
several injections to maintain the same efficacy as fat grafting at 1 year. Fat becomes most
cost-effective when used as an ancillary technique to other facial surgery procedures. The
surgeon time component is absorbed when performing concomitant surgery. Moreover, the
longer patient recovery time associated with the fat grafting procedure is less significant
when the patient’s recovery is concurrent with other surgical procedures [76]. Moreover,
the use of ab HA filler instead of fat, especially for young patients, might add higher
total long-term costs. With the improvement of fat grafting techniques, postoperative
complications are rare, but could include lumps, bulges, persistent edema, infection,
hematomas, and swelling [77,78]. Although cases of embolism and nerve injury have
been reported, authors believe that the risk is further minimized using blunt cannulas [77].
Major complications, including blindness or impending necrosis, have been reported
following the injection of both HA and autologous fat, but the absence of an antidote as
hyaluronidase makes vascular complications more “thoughtful” for lipofilling than HA
injection. In reconstructive surgery, it was demonstrated that fat transplantation is a viable
option for correcting a post-oncological surgery deformity, even if surgery potentially
reduces graft viability secondary to decreased vascularity of the recipient site [79].

A prospective study evaluated and compared HA and autologous fat (AF) injection
for reconstructive purposes in case of temporal hollowing after lateral orbital wall decom-
pression [80]. In this study, both injections of HA and AF are demonstrated to be safe and
effective. However, a higher total volume of AF than HA was required to achieve the same
soft tissue volume. HA was reported to be less time consuming because it did not involve
a fat harvesting procedure [80].

Moreover, a review demonstrates the same efficacy, safety, and durability of both
HA fillers and AF injections for the treatment of human immunodeficiency virus (HIV)-
associated facial lipoatrophy syndrome [81].

It has become popular to use hyaluronic acid (HA)-based fillers to treat facial wrinkles
and deep tissue folds [82]. Their space-filling properties are well described both clinically
and histologically [83-86], and multiple reports demonstrate the positive effects of HA-
based fillers on the dermis [83-88]. HA filler charming features could be related to the
relative ease of application, immediate results, and minimal downtime. Because of its
effectiveness, safety, and well-tolerated properties, the HA injective technique represents an
attractive treatment option, using a minimally invasive technique that could be performed
at the office. Thus, facial reconstruction using HA has many advantages when compared
to traditional techniques. One outstanding perspective of HA filler injection could be its
applications in the reconstructive field. This technique could be applied in any area with
a lack of tissue resulting from trauma, tumor resection, and postoperative deformities; it
shows immediate, improved visual results, with high patient satisfaction.
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Therefore, HA fillers have a high level of aesthetic and functional results in a non-
invasive way, with a simultaneous increase of volume and flexibility, without the necessity
of a complex reconstructive surgical procedure. The fluidity of HA fillers allows for great
precision during injection, which could be performed superficially in a subcutaneous layer
as well as deep to the bone, with a restoration in facial projection, such as in the zygomatic
area or skull prominence [8].

HA injections, similar to fatty tissue transfer reconstructive outcomes, could achieve
outstanding, natural, and symmetrical aesthetical results, with the advantage of avoiding
surgical procedures or anesthesia. Moreover, HA fillers have a low adverse event profile,
because of the existence of an antidote, hyaluronidase [89-95].

In fact, a unique characteristic of HA is its reversibility via enzymatic digestion with
hyaluronidase, a naturally occurring FDA-approved enzyme as a drug dispersion agent.
HA filler degradability by hyaluronidase could be considered a safety-feature, giving
HA filler a potential edge over other filler materials [91]. Injection technique related-
complications, such as overfilling or misplacement, could be reversed by hyaluronidase
injection. Nodules, visible or palpable irregularities, occur in only 0.01-0.1% of the cases,
and have been attributed to hypersensitivity, foreign body reactions, injection placements,
infections, and biofilm development [96,97]. In case of vascular complications, such as
impending necrosis or visual loss, the HA filler is unique, in that it can be dissolved
with hyaluronidase injections, enhancing its paramount safety features. Because of the
varying biochemical properties of the different HA fillers, it should be underlined that each
injectable may have a different sensibility to hyaluronidase [95].

Naturally occurring HA degrades with a half-life of 12-24 h while exogenous HA
has a half-life of 1-2 h [98]. Therefore, the manufacturing aim is to create an HA filler
with increased tissue residency and elasticity, maintaining its biocompatibility. Studies
have highlighted that HA content, cohesivity, and crosslinking properties may play a
role in the sensitivity and degradability of these fillers to enzymatic degradation [84].
The process of crosslinking accomplishes this purpose. This can be achieved with 1,4-
butanediol diglycidyl ether (BDDE), divinyl sulfone, bis(carbodiimide), polyethylene
glycol diglycidyl ether (PEGDE) or 1,2,7,8-diepoxyoctane. The degree of crosslinking will
enhance the persistence of the HA filler in the tissues, but excessive crosslinking may reduce
biocompatibility, causing a foreign-body reaction and encapsulation [99]. Crosslinking
will also change the rheological properties of the gel of the HA filler. Harder fillers with a
greater degree of crosslinking are more difficult to deliver, causing more discomfort during
the injection. Nevertheless, they are able to better resist the dynamic forces of muscle
movement and could have longer longevity. Moreover, they may feel firmer under the
cutaneous surface and are better suited for volumizing deeper volumetric deficiencies in
thicker-skinned individuals. Conversely, softer gels with a lesser degree of crosslinking,
are more comfortable for the patients and easier to be injected. Being softer under the
skin, they are better suited for the thinner tissue in case of periorbital reconstruction
or perioral regions rehabilitation [95,99]. Nonetheless, appropriate filler longevity can
provide structural stability and resiliency, which is a requirement for a successful facial
reconstruction. Thus, it is important for facial plastic surgeons to consider the delicate
balance between stability and degradability when choosing which fillers are best suited for
facial restoration.

HA fillers produce lasting results, up to 18 months, depending on individual variabil-
ity and crosslinking rate, HA concentration, and injective technique [100]. As described
in the literature, deep injection could stimulate periosteal stem cells, allowing a semi-
permanent effect [101]. In a prospective study by Eccleston [102], 86% of participants
treated with HA fillers reported improvement in their lips at 9 months after treatment.
Cohesivity is an essential feature of filler implants, defined as the capacity of a gel not
to dissociate. This property is certainly important during HA filler distribution into the
tissues of the treated area and it is known to affect the lifting capacity of the gels [99]. In
addition, one of the most significant—but often overlooked—factor of a successful HA
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filler injection is pain control, not only in minimizing discomfort, but also in improving
patient satisfaction and reducing procedural downtime. For this reason, local anesthetic,
such as lidocaine, has been incorporated in HA fillers as an ancillary active substance
with the aim to enhance patient comfort during the injection. Furthermore, lidocaine
reduces erythema, bruising, and swelling as a result of its antihistamine property [99].
Together with proper selection of the appropriate reconstructive surgery-based technique,
knowledge of rheological properties is mandatory for the selection of the HA filler, with
the aim to achieve the planned rehabilitative purposes [95].

According to HA filler rheology, four main parameters should be considered to
describe viscoelastic properties of a filler: G refers to viscoelastic properties or hardness,
G’ measures elastic properties, G” measures viscous properties, and tan delta measures the
ratio between viscous and elastic properties [103]. It is paramount to use the appropriate
filler and the correct technique to achieve an outstanding restorative outcome. Nowadays,
HA fillers are no longer only used to address wrinkles, but also to restore volume and
facial eurhythmy, according to reconstructive surgery principles. Our strategy of injection
is based on surgical concepts, where long-lasting results is the “rule”. In a case of trauma
sequelae, the level of injection is not only superficial, but also involves a deep plane as a
periosteal layer [101]. Physicians must be guided by the safety of the patient and by an
aesthetic approach, respectful of proportions that could be missing after previous surgical
procedures or traumatic events. Therefore, modern management is based on volume
replacement and contextual tissue tightening. In fact, volumetric restoration is just one
aspect of our approach that requires precise evaluation and diagnosis, accurate anatomical
study of the patient, and a detailed preoperative marking (Figures 1, 2 and 17) [104]. From
a rheological point of view, fillers with high G have more important lifting effects and are
indicated in supraperiosteal boluses to lift and support the tissues, in cases where hard
tissue projection in missing. Fillers with moderate G” and G”, because of their expander
capacities, are more designated toward treating the subcutaneous tissue, in case of soft
tissue deficiency, such as tumor removal sequelae. In case of midface reconstruction,
injecting over the periosteum has the advantage of achieving the correction under the
muscles, avoiding the grotesque effect of too much volumetric moving in the dynamic if
the filler is mostly placed in a superficial layer. Surgically, this becomes paramount because
gels with a higher G’ will have better resistance to the dynamic forces incurred with facial
muscle movement, providing long-lasting support and volumization [95]. Moreover, gels
with a higher G’ can cause the Tyndall effect, or visible small blue papules or nodules if
injected superficially in the skin [97]. In contrast, in areas that are more static, resistance to
deformation by muscle movement is less critical and gels with lower G’ are better utilized.
These gels are also better suited for areas that need more softness, such as the lips [103].

When volume is obtained by injecting a deep plane with a very precise tool, such
as a needle, the trauma of filler deposition on the periosteum is able to activate the pe-
riosteal stem cells [101,104] with new tissue formation and a semi-permanent effect. Needle
injections only target the bony layer, avoiding the risk of cannulating vessels and, conse-
quently, vascular complications. In the eventuality of subcutaneous injections, required in
parotideal area volume restoration, the use of a microcannula is safer (and is recommended)
because of the superficial localization of the artery and vein in this region. In this case, the
preauricular compartments need both volume enhancement and a tightening effect that
could be achieved, with cohesive gels with a moderate G*.

Planning a complex face reconstruction with fillers requires a double vision: to recollect
three-dimensionally the areas of volume loss and to plan the final result before starting,
with the appropriate technique that allows minimal side effects. In case of appropriate
timing in detection of the malar fracture, a surgical approach of reduction and rigid fixation
using plates and screws is the gold standard of treatment. According to trauma surgery
principles, it is notorious that malar fracture must be recognized, even if edema could
hide the traumatic disfigurement. The absence of functional limitation is not a feature
to exclude a fracture suspect. A displaced malar fracture, poorly consolidated several
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months after the incident, requires a refracture procedure to replace bone fragments in the
correct position, describing a complex maxillofacial surgical procedure to achieve midface
eurhythmy restoration. This procedure is surgically very demanding and challenging and
could scare the patient (who may just be looking for aesthetic recontouring of the injured
facial side, and likely prefers a less invasive approach). Thus, an HA injective protocol
was performed with two different types of filler: one with a higher G’ to restore malar
projection and one with a lower G’, but with a higher G” to recontour the subcutaneous
layer. According to our injective technique, we noted a long-lasting result: after 12 months
from the injection, a stable result in the malar arch projection was reported. Even if HA
facial fillers usually last about 6-8 months, the achievement of this long-lasting effect could
be explained because of deep, periperiosteal HA injections. As demonstrated by Mashiko
et al., this technique provokes an injury and a persisting inflammatory change around the
injected HA that activated periosteal stem cells and induced tissue neogenesis, such as
fibrosis and ossification [101].

Since separate layers of superficial and deep tissues are injected, we adopted a multi-
layer technique for the use of fillers based on surgical anatomy that allows good efficacy,
limited use of materials, and optimal longevity.

In case of facial trauma approach, we used Juvederm Voluma with Lidocaine (Aller-
gan, Irvine, CA, USA) and Juvederm Volift with Lidocaine (Allergan, Irvine, CA, USA).
These fillers—characterized by a mix high and low molecular weight HA chains (Vycross
technology) to improve moldability, ease of modeling/shaping, ease of flow during injec-
tion, reduce swelling—improve distribution and integration within the tissue, and increase
duration of effect [105]. All of these features make these fillers attractive candidates for our
reconstructive goals.

In our experience, the concept of facial reconstruction with HA gels is based on
surgical logics; thus, the use of the most appropriate product allows the surgeon to achieve
optimal results with the minimal amount of product. In fact, we have achieved an excellent
reconstruction of an entire malar area with only 1 mL deep to the bone and 1 mL in the
superficial layer. Our approach defines a novel reconstructive paradigm shift: in the past,
fillers were used for surface treatments and short-lived results, while in our approach,
fillers are used mostly to restore both facial symmetry and proportions. In fact, the levels
of their injections are the deep planes, and not only the skin; the preoperative planning of
injection is based on surgical concepts where maintenance of outcomes is paramount.

Our volume restoration technique helps to limit the amount of filler used, improving
the impact of facial sagging and depressions and contextually achieving a lifting effect in
malar prominence reestablishment.

It is remarkable that, in this case, the superficial nasolabial compartment is not affected
by volume loss, but tends to move medially due to the lack of lateral support caused by
the injury in the lateral malar area and the lack of zygoma fixation points. By this injective
approach, vertical pillars are created over the bone in order to restore bone support of
the malar area [Figure 1]. The lateral to medial sequence of injection helps in achieving a
tenting effect, so that less material is needed in the more medial compartment, avoiding
an excessive midface projection and respecting symmetry with the contralateral area.
Augmentation of the deep medial cheek increases the anterior projection, not completely
addressed by lateral redraping, reduces the nasolabial compartment ptosis, and recreates
cheek eurhythmy within its natural boundaries and symmetry. The areas of injection are
selected precisely according to the reconstructive aim of restoring anatomy. The strategy is
based first on deep injections to the periosteal layer, and later on superficial injections in
the superficial subcutaneous fat in a multi-plane technique. A total of 0.2/0.4 mL of gel
is released in each deep injection in three separate deposits. The gel is released in small
bolus and not in a continuous fashion in order to prevent a sausage effect of too much
filling. No more than 0.4 mL is released per bolus to avoid the risk of compression over the
lymphatic vessels. Once the deep areas are injected, we move to perform the superficial
plane treatment. The treatment of the superficial layer is directed only to the area affected
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by the traumatic injury. In this case, a microcannula is used in order to prevent bleeding
and as a tool to partially undermine the ligamentous areas of the facial retaining ligaments.
The access point is located lateral to the lateral canthus of the eye and the cannula is moved
inferomedially to target the zygomatic area.

In both areas, a rheologic point of view, gels with high G” have more important lifting
effects and are more indicated in boluses over the supraperiosteal layer where they act as
pillars to lift and support the tissues, meanwhile fillers with moderate G’ are indicated
to treat the superficial tissue, where they act as bridges to reconnect the pillars, thanks to
their expander capacities. In this case, injecting the deep bone plane was not sufficient to
have good results, in terms of natural restoration of volume and projection; thus, 1 mL of
product was required to be injected in the superficial plane, allowing for more tightening
than volume, especially in the midface area. Thus, according to our technique, the injured
and ptotic medial compartment of the superficial cheek fat pad was not injected, avoiding
the use of an excessive amount of product. In fact, since the tenting effect was obtained,
the treatment of the lateral compartments of the zygomatic arch was enough to improve
and restore the whole midface area.

Several techniques to obtain permanent lip enhancements have been developed
throughout the years, such as silicone lip implants utilization. Although lip surgery
sequelae, as in the case of implant removal, could be obviously addressed surgically, some
surgeons prefer not to perform this procedure due to its complexity [106]. In fact, in our
patient, a disfiguring cosmetic result was observed after surgical removal of permanent lip
implant. Lip incompetence could be an annoying and bothersome condition for the patient
because it may cause functional impairment and interfere with several routinely actions,
such as sucking or kissing. Moreover, lip incompetence may cause significant changes
in lip appearance and may deeply impact patient self-image and quality of life. Several
techniques have already been described to correct lip defects [107]. Schweiger et al. [108]
reported the use of HA fillers for lip asymmetry correction in cleft lip surgery sequelae.
Belyea et al. [79] described the use of HA filler combined with autologous microfat for the
management of lip whistle deformity secondary to surgical wedge resections and postop-
erative radiotherapy in squamous cell carcinoma treatment. Stolic et al. [109] restored with
HA injections a lip notch defect after cleft surgery. Recently, Kandhari et al. [110] reported
the use of HA fillers to repair congenital and posttraumatic lip asymmetry with accurate
and cosmetically satisfactory outcomes. According to our approach, HA filler injection was
associated with minimal bruising, swelling, and discomfort. The patient returned to her
normal life on the same day of the procedure. Even if this is not a permanent solution, it
represents a suitable and non-invasive method, appropriate for those patients who are not
candidates for surgery or who refuse invasive procedures.

The lips have always been characterized by sensuality and attractiveness; they are one
of the facial areas that draw the most attention and contribute significantly to facial harmony
and beauty. Moreover, the lips are central to both verbal and non-verbal communication.
Through words or facial expressions, the lips enable one to express feelings and personality.

Thus, one of the most challenging aims in reconstructive techniques is to cherish both
beauty and eurhythmy of the smile.

As reconstructive aims, younger patients seek to restore their full, naturally plump
lips, while middle-aged patients wish to restore volume and re-establish their natural lip
shape. As the HA injective techniques vary substantially between individual patients, we
suggest to approach every case according to anatomical knowledge, with surgical skills
and tailored treatments for each patient.

When assessing treatments for highly dynamic areas, such as the lips, in addition to
the appropriate technique, we believe it is crucial to choose the appropriate amount of
HA filler that can accompany and respect natural lip movements, which is fundamental to
achieving natural-looking results and morphofunctional restoration.

For this reason, we used a 15 mg/mL, BDDE cross-linked, HA filler (Teosyal PureSense
Redensity II, Teoxane, Geneva, Switzerland). Thanks to the balance between stretch and
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volumizing capacities, we selected an appropriate product in this dynamic facial area,
based on high stretch capacity, to achieve natural-looking lip eversion, and on the high
malleability of the product, which enables easy filler positioning and molding under the
labial mucosa. Choosing a filler with this property is crucial in a complex case, such as
lip reconstruction. Even if the amount required was high, we reached lip restoration with
3 mL of product, achieving a natural-looking lip reconstructive outcome.

Consistently with facial plastic surgery principles, the current trend in reconstructive
surgery is to obtain facial reconstruction to respect facial subunit eurhythmy. To do so, it is
essential prior to performing any HA injection treatment to implement facial assessment
based on a sound understanding of facial anatomy, as well as deep knowledge of the
dynamic movements of the face. This principle is of paramount importance, especially in
reconstruction of the lips region.

Surgeons must also select an adapted and efficient technique to inject the gel in the
right location to enable it to follow the natural movements of the area. For this pur-
pose, it will be important to choose HA fillers with appropriate rheological characteristics
and the appropriate amount of product. The choice of an inappropriate product or ex-
cessive injection of a product could lead to undesirable results (i.e., of disfiguring and
functional impairment).

Our approach was developed to allow for optimal results based on these princi-
ples: anatomical knowledge, facial expression analysis, customized injection, rheological
property, and physicochemical profile of HA filler.

Surgical expertise, combining the right products at the proper injection depth with
the appropriate injection technique, and filler amount, are crucial factors in achieving pre-
dictable, natural-looking, and unique reconstructive results, while preserving the dynamic
movements of the lips and smile area.

Because the amount required (3 mL) was remarkable to obtain eversion of the in-
ferior lip—to recruit tissues to restore labial competence, we had a choice of malleable,
resilient, and dynamic gels reminiscent of natural HA, with notable strength properties,
and moldability under dynamic conditions.

Thus, we used a 15 mg/mL, 1,4-butanediol diglycidyl ether (BDDE) cross-linked, HA
filler (Teosyal PureSense Redensity, Teoxane, Geneva, Switzerland) that had the property
of long HA chains, preserved natural and mobile interactions among long HA chains, and
a low amount of crosslinked BDDE. Moreover, the filler’s ability to adapt to continuous
external constraints and return to the original shape without breaking, and to resist repeated
and increasing constraints, makes it more suitable in the reconstruction of a dynamic area,
such as the lips.

Furthermore, this hyaluronic acid filler is formulated with lidocaine, allowing minimal
discomfort during injection, and could be injected slowly at low pressure. All of these
features make it possible to meet the specific requirements of this mobile facial area, and
we elect this filler as a good candidate for lip restoration.

Based on our experience, minimally invasive HA injection can be useful in patients
with post-parotidectomy facial volumetric deficits because it achieves aesthetic enhance-
ment without significant morbidity. However, more cases are necessary to confirm our
encouraging findings. Parotidectomy is a common procedure performed in a highly
cosmetic region and it is poised to benefit from advances in volume restorative tech-
niques [111]. Even if many approaches have been proposed, the treatment of choice for
post-parotidectomy deficit restoration is still missing [112], and invasive surgical proce-
dures are related with the risk of facial nerve injuries. These reconstructions include a stern-
ocleidomastoid flap rotated into the defect and elevating a superficial musculoaponeurotic
flap prior to performing parotidectomy. These reconstructive options help in postoperative
facial symmetry improvements, reducing contour asymmetry, especially in cases of total
parotidectomy [111]. Multiple microsurgical reconstructive options exist for soft tissue
reconstruction. Anterolateral thigh free flaps have been the “mainstay” of treatments due
to variability in their size and shape, and the presence of large vessel calibers available
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for microvascular anastomosis [113]. Other options include the latissimus dorsi free flap,
which is difficult to harvest, a high postoperative donor site morbidity, and a superficial
inferior epigastric artery free flap, which has much smaller caliber vessels [112].

Because of the rising interest in minimally invasive techniques for aesthetic and
functional head and neck surgeries, Curry and Clauser proposed autologous fat graft
reconstruction as a means of restoring post-parotidectomy facial defects [114,115].

The usefulness of minimally invasive HA injections for the treatment of post-parotidectomy
facial defects is supported by the significant, subjective improvements after treatment. The
rationale underlying the potential effectiveness of HA injections is that this technique
should fill the gap between the skin and the residual parotid lodge tissue, restoring the ap-
propriate facial volume and contouring. Thus, the injections have a good aesthetic impact,
as they fill the depression left by parotid gland excision, as shown by the post-operative
VAS in the treated case. This technique could be performed without any anesthesia; it
is well tolerated, safe, and does not lead to significant morbidity or facial nerve injury.
Nevertheless, patients have to be informed that the procedure may need to be repeated to
achieve a definitive result.

The parotid area is injected superficially under the skin in the subcutaneous tissue
overlying the parotideomasseteric fascia with microcannula. Then, the cannula is cautiously
inserted underneath in a plane parallel to the skin and slowly directed inferomedially in
fan-like movements. The aim is to deposit the gel in the subcutaneous layer in the region
delimited cephalad by the zygomatic arch and caudad by the region between the angle of
the mandible and mastoid process, just above the deep cervical fascia. The end point of the
treatment is the elimination of the concavity of the area injured from the previous surgery
and the achievement of a uniform or even slightly convex contour among the zygomatic
arch, mandibular angle, and sternocleidomastoid muscle. The superficial subcutaneous
layer is mostly important in the parotid area where it contributes to the contour and the
general shape of the face. An optimal deposition of the material with cannula requires
two ports of entry, one in the pretragal area and the other located caudally in front of
the earlobe. Working superficially with a cannula in this area prevents damage to the
numerous vessels in the area and to the branches of the facial nerve located under the
subcutaneous layer and superficial musculoaponeurotic system (SMAS). According to
our reconstructive purposes, we need only a tightening effect that is commonly achieved
with cohesive gels with moderate G’ and G”, used in order to have good spreading of the
material throughout the compartment, with a filling effect potentially improvable with a
delicate massage. Thus, a 26 mg/mL, PEGDE cross-linked, HA hydrogel (Neauvia Organic
Intense Flux, Matex Lab, Lugano, Switzerland) was used in order to spread evenly in the
subcutaneous tissue and to not be “heavy” on the skin of the area. In fact, a biomimetic
filler PEGDE crosslinked was used—a new technology able to give products a high level
of biocompatibility, an excellent rheological ratio, high tolerability profile, and optimal
biointegration in the connective tissue of the skin [94,95]. These features make this filler
suitable for our reconstructive approach. In fact, this gel distributes finely in the interstitial
tissue among constitutive structures of the hypodermis and dermis, even into the smallest
spaces between collagen fibers, always preserving the structural integrity of the skin.

Furthermore, no evidence of inflammation surrounding the implant was reported and
this allowed a safety profile of adverse effects in an area with a high density of facial nerve
fibers. The high concentration of HA and low viscoelasticity enhanced the volumetric
results in shaping the injected area in a natural way, treating a region of different consistency
as the parotid area. Furthermore, according to the balanced crosslinking degree, this filler
was highly adaptive to the tissue, which helped to volumize the anatomic area. Moreover,
in the present case, the use of a temporary reconstructive solution led to the search for a
gel with outstanding advantages for longevity. The metabolism of PEGDE, according to
its properties, reduces the action of the proteolytic enzymes as hyaluronidase increases
the duration of the implant [94], with a lower need to repeat the injection after the first
treatment, as demonstrated by the sable result at the 6-month follow-up.
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In case of craniomaxillofacial malformation, a surgical approach greatly improves the
morphological appearance, but the result could be aesthetically incomplete. Persing [25,116]
attributes one reason of postoperative depression to the muscular displacement with mas-
tication and states that the temporal muscle reattachment to the underlying bone is not
enough to prevent subsequent dislocation and, thus, volumetric asymmetry or hollowing
of the region. The long-term contour of the skull vault after surgical remodeling is often
unpredictable and bone reshaping could result in irregularity and depression. Once this
occurs, options for reconstruction include autogenous bone grafting, which suffers from a
high rate of resorption [23,117]. Many different materials have been used to repair cran-
iofacial bone defects; methyl methacrylate and hydroxyapatite cement (HAC) are two of
the most commonly used. Despite the large use of methyl methacrylate, its effectiveness
and unlimited supply, methyl methacrylate cranioplasty has several disadvantages, e.g., a
highly exothermic reaction up to 100 °C resulting in tissue necrosis [118]. Moreover, methyl
methacrylate leads to an inflammatory reaction with a foreign-body response, fibrous
encapsulation [119], and infection rate from 1% to 16% [120,121]. Even if HAC causes no
toxic reactions, releases no heat, and does not cause a foreign body reaction or fibrosis,
studies have shown an important inflammatory reaction [122] and a risk of infections
acting as a nidus for contamination, with a significantly increased risk of a postoperative
wound dehiscence [123]. HA could overcome the significant limitations of those materials.
These reasons have prompted us to treat craniosynostosis surgery sequelae in a minimally
invasive way by HA injection with the aim to perfect the morphological result restoring
missing volumes and facial eurhythmy immediately after the procedure.

The temporoparietal region was injected in the deep plane, directly to the bone with
vertical pillars. According to the reconstructive aims, a strong gel with a high G” was used
in order to obtain the maximum vertical expansion of the tissue and no lateral spread of
the material. The volume required for cranial reconstruction is obtained from injecting
the deep plane and particularly the bony layer where trauma and deposition of the gel on
the periosteum are able to induce periosteal stem cells activation [101], with new tissue
formation and almost a permanent effect. Reaching the bony layer is faster and easier with
a needle that provides the surgeon with perfect control of the release of the gel. With an
accurate anatomical study of the patient and a preoperative marking, needle injections
target only the bony plane, an avascular layer allowing injections without bleeding.

A three-dimensional remodeling of the present case requires an important volume
enhancement. Thus, every area of injection should be treated in a step-by-step fashion in
order to achieve good visual impact. Therefore, we planned a multistep treatment; the
first correction was further improved by four subsequent touch-up treatments. For areas
such as the temporoparietal cranial vault, where the product can be placed against the
bone for projection, a higher G’ product will provide a greater advantage over a lower G’
product, because it will have greater resistance to the compressive forces inherent in the
deeper injection plane. To achieve the planned outcomes, the choice of the proper product
is paramount.

In this case, we used a 28 mg/mL, polyethylene glycol diglycidyl ether (PEGDE)
cross-linked, HA hydrogel (Neauvia Organic Intense, Matex Lab, Lugano, Switzerland),
focusing on an innovative and advanced crosslinking technology based on the use of
PEGDE. This crosslinker shows a peculiar matrix structure resembling a spider web, a
feature closely related to the category of monophasic gels. PEGDE is a difunctional, highly
water-soluble polymer, nontoxic, and nonimmunogenic [94]. Its chemical structure makes
the final polymeric organization of the filler less rigid than other crosslinking chemical
agents [94,95]. Moreover, the ether bonds formed during the crosslinking reaction are
particularly stable in the physiological conditions of facial deep layers [95]. Moreover,
this filler has an excellent cohesivity profile, defined in the rheological context as the
ability to resist compression and elongation stress. The high values of G’ obtained for
this 28 mg/mL HA hydrogel indicated that these gels were able to resist deformation to a
great extent. Thus, the physicochemical characterization, the rheological, and cohesivity
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properties were ideal in respect to our clinical considerations, injection techniques, and
reconstructive purpose.

In complex facial plastic reconstructive procedures, after major oncological surgery,
the perforator-based propeller flap is a versatile armamentarium for intraoral tissue re-
construction. According to the reconstructive surgery principles, it could be necessary to
replace the donor site with skin grafting. In the forehead region, it could result in a loss
of projection and eurhythmy of this area because of the different thicknesses between the
forehead region and the grafted area. This disparity has prompted us to use HA injec-
tion as a volume enhancer, reporting a noteworthy tissue projection after HA injection.
Moreover, seven weeks after HA injections, we noticed an exceptional improvement in
tissue elasticity; it could be explained from the HA viscoelastic properties [124]. In fact, HA
stimulates fibroblasts proliferation [125,126] and decreases collagen contraction [127,128].
Furthermore, it is proved in mice that extracellular matrix is reshaped after local injection
of HA with an optimization of collagen fibers [129]. Moreover, Pliwal et al. demonstrated
in rats that HA locally stimulates the production of several components of the dermal extra
cellular matrix, increasing the production of elastin, promoting genetic reassessment, and
improving a correct collagen assembly [130]. It was demonstrated in humans that HA
injections increase local vascularization and epidermal thickness contextually to collagen
proliferation and dermal fibroblasts production [131,132]. Another reason for tissue flexibil-
ity improvement after local injection of HA could be due the local hydration linked to the
strong hydrophilicity of HA [133,134]. Collecting water particles, HA filler increases soft tis-
sue volume, providing greater elasticity [133]. Once surgical sites were completely healed,
we approached the surgical sequela of the donor site performing sub and supraperiosteal
injections of a reticulated, 20 mg/ mL cross-linked HA filler (Hyamira BASIC, NYUMA
PHARM s.rl.,, Arona, Italy). According to the area to restore, a preoperative planning and a
multi-step injective technique was scheduled with the aim to define the proper amount of
HA filler to be injected. Thus, 0.2 mL of HA per session were used, a total of five sessions
were performed. In the presence of a hard tissue area and volumetric impairment, such
as in the case of split-thickness skin grafting, the first HA injection improved flexibility
and elasticity, but acquired moderate volume enhancement, because the tissues were still
a little deformable. During the first injective session, great resistance was noted injecting
HA, due to the scar tissue developed under the skin graft. From the second injection
session, we noticed a relevant volumizing effect because the tissues were softened and
could have been more easily expanded due to their augmented flexibility. After each
session, a progressive volumization of the area was reported. Moreover, the skin graft,
at the beginning completely attached and not mobile from the underlining frontal bone,
showed progressive improving in softness and mobility. At the nine-month follow-up, the
treated area showed stable results, both in terms of volumization and softness.

To enhance the concave appearance and to obtain satisfying outcomes, we performed
perpendicular HA injections with a needle. Our experience confirms that the viscoelastic
HA properties enhances skin graft texture, volume, and elasticity, stimulating fibroblasts
proliferation [130,133], increasing collagen production, and decreasing collagen contrac-
tion [131]. Moreover, the hypothesis of HA filler volumetric enhancement could be based on
the concept that the volumizing effects could also result from tissue induction of periosteum-
resident stem cells. One clinical pattern to explain our hypothesis is cauliflower ear, a
condition characterized by hypertrophied tissue developed after repeated traumatic auric-
ular hematoma [135]. The chondrogenic potential of the perichondrium, after hematoma
formation and perichondrium detachment, activated perichondrium-resident stem cells
that may fill the dead space with chondrogenesis, fibrosis, and ossification. Moreover, new
bone formation at the edge of a tissue expander was experimentally demonstrated in ani-
mal model to be induced by activated periosteal stem cells [136,137]. Thus, to enhance the
concave appearance and to obtain satisfying outcomes, we performed perpendicular HA
injection with a needle deep to the bone, to stimulate the activation of periosteum resident
stem cells. Nine months after the injections, a stable more concave appearance of the defect
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was noted and the skin graft appeared softener and more mobile when compared to the
pre-injection time. We suppose that these features could be secondary to the improvement
induced by our technique and by the physiochemical proprieties of HA injected into the
fibrotic tissue between the skin graft and the frontal bone.

Palatal defects, typically composite in nature, are challenging to reconstructive sur-
geons due to the lack of availability of local tissue to fill the gap [134,138]. Moreover,
surgical repair aims to use a flap to restore function with minimal donor-site compromise.
Furthermore, a general consensus on the protocol of treatment is lacking [139,140]. Obtura-
tors could be considered as an easy and readily available option, but the resulting halitosis
and tiring maintenance of the device have consistent underrated impacts on the quality of
life of those patients.

Microvascular reconstruction, as anterolateral thigh perforator flap (ALT), forearm
free flap (FFF), and medial sural artery perforator flap (MSAP) are reported to be the
gold standards for surgical reconstruction due to their widespread acceptance, popularity,
versatility, and reliability [141]. Moreover, microvascular flaps, especially for intraoral
defects, make “like-with-like” reconstruction difficult [142], and represent procedures that
necessitate long surgical time, utilization of intensive care unit (ICU), amplified rates of
revision surgery, prolonged hospitalization, and a considerable donor site morbidity. For
example, FFF donor-site compromise is reported as a delayed graft uptake, numbness,
chronic pain, aesthetic impairment, reduced pinch strength, and wrist extension [134-144].

There are several opinions regarding the balance between functional rehabilitation
and donor-site scarring, which invoke a sense of disinclination in the reconstructive sur-
geon [145].

Local flaps as tunnelized-facial artery myomucosal island flap (t-FAMMIF) are at-
tempted with the aim of achieving the results desired with marginally invasive and time-
friendly techniques [146]. Palatal defects require thin and pliable flaps that do not add to
the bulk of the palate, providing a taut and well-contoured palate suitable for satisfactory
articulation and mastication. Thus, t-FAMMIF was considered because of the favorable
tissue quality and flexibility (in terms of composition and reliable anatomy), in cases with
moderate-sized palatal defects. Unfortunately, donor-site morbidity following t-FAMMIF
harvest could demerit the utility of this viable flap and affect the armor of a facial plastic
surgeon. Trismus, partial mouth opening limitation, scar contracture, and cheek deformity
lead to uncertainty in regard to being the first choices for such defects. Moreover, most of
the studies could not emphasize on the reconstructive aspect of the donor-site according to
its significance in a patient’s routine life [143-146]. According to our experience, HA injec-
tion was found to be a viable tool for local restoration, being an office-based therapy with
no complaints of a painful treatment. This approach could play a vital role in postoperative
rehabilitation, not only for aesthetic enhancement, but also for avoiding scar contractions of
the donor site. In fact, the prime downside of this flap was found in articulation studies that
conveyed noticeable deflections from the normal [144-146]. This evidence was not reported
in our experience. Thus, patients undergoing palatal reconstruction with t-FAMMIF should
be enrolled in postoperative restoration therapy for HA injective sessions, depending on
the size of the cheek defect. We advocate early initiation of a tailored postoperative therapy
and donor-site management protocols with minimally invasive techniques, to achieve
successful, aesthetic, and functional rehabilitation.

With a drastic increase in the popularity of non-surgical techniques, it is very important
to approach post-surgical sequelae in patients seeking enhancement with a soft modality;,
respectful of their facial anatomy, eurhythmy, and function. The reconstructive surgeon
must be guided by the safety for the patient, and by an aesthetic approach respectful of
proportion and morphology. As in the present case, a proper approach is based on volume
replacement, tissue tightening, and a multi-layer rehabilitation technique to reconstruct
both the subcutaneous and muscular layer involved in the myomucosal flap raising. In
fact, volumetric restoration is just one aspect of the approach [146] and it is necessary
that physicians educate patients to understand the strategy of a treatment that requires
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precise evaluation and diagnosis. Moreover, in cheek restoration after reconstructive
surgery, functional exercises of mouth openings could better the results, by preventing the
development of thick and wide scar tissues and molding the injected HA gel.

A 20 mg/mL, BDDE cross-linked, viscoelastic HA filler (Hyamira BASIC, NYUMA
PHARM, Arona, Italy) was formulated to guarantee a “high grade” of natural-looking
results. It integrates perfectly in the tissues, thanks to its rheological characteristics, keeping
facial volume at the correct level, both statically and dynamically, making this filler the
ideal material to achieve our reconstructive aim. Moreover, the characteristics of this HA
gel allow filler reabsorption into the tissues with distribution kinetics that depend strongly
on its infiltration depth and technique.

Even if this filler complies with our reconstructive needs and guarantees immediate
(and long-time) safety, two consecutive sessions were due to a progressive strategy of
restoration from the deep muscular layer to the surface. This approach was planned to
prevent (i) excessive modification in facial symmetry; (ii) too much product amount; and
(iii) side effects, such as swelling and bruising. In this case, each compartment required
a different layer of injection in order to restore the single anatomical subunit in both the
superficial subcutaneous and the deep muscular layer. Thus, according to our experience,
biphasic injection with a needle was the most appropriate technique used. After injections
to the deep muscular plane, no massage is needed and, indeed, it is useful not to touch the
gel to prevent the risk of migration. In the subcutaneous plane, on the contrary, a moderate
massage can help in spreading the gel laterally to improve its capacity of expansion.

However, there are some potential limitations to the study. Since the study repre-
sented only six consecutive patients, we recognize the weakness of our small sample
size. Moreover, the retrospective study design, including the potential selection bias,
is acknowledged.

We believe that reconstructive techniques using HA filler injections would contribute
greatly to the reconstructive plastic surgeon’s armamentarium. This approach provides
significant enhancement in restoring facial volumetric eurhythmy using a non-surgical
minimally invasive hyaluronic acid filler-based technique. In addition to an appropriate
surgical reconstructive technique, HA fillers, injected to restore the eurhythmy of an
asymmetrical area of the face, immediately allow for improved visual results.

5. Conclusions

This minimally invasive approach (Minimally invasive reconstructive approach using
HA filler injections) provides a high level of aesthetic enhancement, improving patient
satisfaction, and increasing volume and flexibility with enhancement in facial morphology
and shape. In our experience, no major complications, such as impending necrosis or
visual loss, were described. Mild, transient, and reversible side effects, such as bruising
and swelling, were reported for 48 h after lip injection.

The knowledge of filler rheology and physicochemical properties, including HA
concentration, polymer chain length, crosslinking degree, or crosslinking technology, will
significantly influence product selection and indication, according to the most appropriate
injective technique. Facial filler development is an advancing field; the purpose is to
refine products to maximize efficacy and minimize adverse effects. With the ability to
manipulate the biochemical compositions of the inherent characteristics of fillers, it has
become apparent that no singular filler could be used for every reconstructive purpose.
Instead, different fillers are emerging as unique products best suited for the rehabilitation
purpose, given the various filler characteristics, facial plastic surgeon needs, and the
demanding requirements to achieve facial reconstruction. In conclusion, we believe that
there is a need for further randomized clinical trials, considering the type of HA that
would be more suitable for a reconstructive approach. Thus, differentiating products by
their rheologic and physicochemical properties may serve as a useful way to select which
products are most suitable for a given surgical need.
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The ability to find trends between a product’s rheology and physicochemical parame-
ters appears to be strongest among products of similar concentrations and those produced
by the same technology, but not between manufacturing technologies.

Although HA physicochemical properties are valuable means for product differentia-
tion, the lack of standard measurement techniques among different researchers remains as
an obstacle for the discovery of the ideal temporary filler.

Moreover, although there is a wide body of literature describing how such data can
be used to characterize different HA products, there are very few studies that correlate
in vitro measurements with in vivo performances. Moreover, there are potentially many
different properties that impact product characteristics, and future studies in this field may
help to correlate product properties with clinical reconstructive experiences.

Ultimately, there are no existing HA fillers for all of the technical surgical skills learned
through practical experiences. In this respect, we aim to provide our reconstructive expe-
rience with specific product attributes and techniques as they relate to our rehabilitation
approach. Moreover, we hope that the data and discussion topics presented represent a pre-
liminary step in the reconstructive ladder in selecting the best suited injective approaches
to the reconstructive needs of each patient. The concept of an HA filler application could
be a frontier that may be applicable to other areas of reconstructive facial plastic surgery.
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