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Abstract: Background: Hyaluronic acid fillers (HAF) are a versatile tool in esthetic medicine. They
also have a potential for medical indications including facial rehabilitation. Materials and methods:
We performed a literature search on PUBMED and Google Scholar until December 2022. Clinical
trials, clinical studies, review articles, systematic reviews, meta-analyses, case series, and case reports
were considered for review. Keywords “facial rehabilitation”, “acne scars”, “traumatic scars”, “oral
restoration”, “facial lipoatrophy”, “facial asymmetry”, “periocular correction”, “nasal obstruction”,
“ear lobe restoration”, “morphea”, AND “hyaluronic acid filler” were used to select articles. Results:
We prepared a narrative review on the use of HAF for correction of facial asymmetry and asymmetric
lips, improvement of different types of scars, improvement of the jaw line, improvement of ear lobes,
periocular and oral restoration, and the treatment of nasal obstruction and morphea en coub de sabre.
The amount of HA used in these indications is often less than 1 mL. The bolus technique, fanning,
and dual-plane injections can be utilized for treatment. Duration of clinical effects depends upon
the anatomical region and is usually maintained between 2 months and 2 years. Adverse events are
often mild and temporary. Vascular occlusion is a severe adverse event, but it has not been reported
yet for these medical indications. Repeated injections are recommended to obtain a longer-lasting
improvement. In cases of morphea, only stable and non-inflammatory plaques should be treated.
The advantage of HAF compared to permanent and semipermanent fillers is the availability of
hyaluronidase for rapid removal of filler material and to revise overcorrection. Conclusions: HAF
play an auxiliary role in facial rehabilitation. Knowledge of filler qualities, anatomy, and underlying
diagnoses is important for their safe application. More prospective controlled trials are necessary to
improve evidence.

Keywords: hyaluronic acid filler; facial rehabilitation; asymmetries; scars; injections techniques;
adverse events

1. Introduction

Hyaluronic acid (HA) is a high-molecular-weight non-sulphated glycosaminoglycan.
HA is an important component of human extracellular matrix. The half-life of natural HA
is only 12 h. HA becomes biodegraded by endogenous hyaluronidase. HA fragments are
eliminated via lymphatics and hepatic degradation into water and carbon dioxide [1].

HA has become the dominant filler material in esthetics. It is used for rejuvenation and
correction of volume loss during aging. For this purpose, crosslinked HA is preferred, as it
offers a greater stability to endogenous hyaluronidase. Various crosslinking agents are em-
ployed to prepare HA fillers (HAF) for different indications such as 1,4-butandioldiglycidyl
ether, 1,2,7,8-diepoxyocrane, polyethylene glycol diglycidyl ether, hexamethylenediamine,
and divinyl sulfone [2].

HAF present as hydrogels in either phosphate-buffered or physiological solutions.
They are versatile tools in esthetic medicine. HAF can be classified into “monophasic” and
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“biphasic”, depending on production modalities. It is important to understand biophysical
and rheological qualities of HAF to choose a product for a certain indication (Table 1) [3].
After injection into human tissue, water diffuses into the gel, which consists of confined and
bulk water with different water dynamics [4]. Distribution of HAF in human tissue depends
upon filler qualities, injection technique, and anatomical region. It was demonstrated that
manual remodeling of HAF after injection did not translate into significant changes in the
filler pool size [5]. More fluid and less cohesive HAF spread more into superficial layers,
whereas those with a stronger elastic modulus G’ tend to stay deeper [6]. HAF reduce lipolysis
and ensure lipid accumulation of human pre-adipocytes, suggesting that interactions of HAF
with skin-associated adipose tissue is responsible for volumizing effects [7,8].

Table 1. Basic biophysical and rheological qualities of HAF [3].

HA concentration The total concentration per mL depends on crosslinked (non-soluble) and extractable
(soluble) HA in each HAF

Crosslinking Depends on crosslinking agent, ratio of crosslinking agent to the HA concentration, and the
ratio of crosslinked agent to the total amount of the crosslinking agent

Hydration The capacity of HAF to swell when in contact to phosphate-buffered NaCl
Elastic module (G’) Describes the shape memory of an HAF gel under pressure
Viscous modulus (G”) Describes the behavior of HAF under shear forces (friction)
Complex modulus (G*) Describes the resistance of HAF to deformation under shear forces
Cohesivity A measure of internal adhesion strength
Tangential delta (tan δ) The ratio of viscous to elastic quality

For application of HAF, sharp needles or blunt cannulas are used. Slow, low-pressure
injection is recommended. For safe application of HAF, it is indispensable to know the
anatomy of the region. Vasculature and nerves are the most critical structures [9]. Adverse
events associated with HAF are often mild and temporary in the hands of the experienced
physician, but catastrophic events have occasionally been observed due to vascular com-
promise. This includes loss of vision, cerebral embolism, and skin necrosis [10–12]. In
contrast to the common assumption, cannulas are not safer [13]. A negative aspiration
before HAF injection is often recommended, but some authors suggest that it is not reliable
and therefore dispensable [14].

In addition to the beneficial effects in esthetic medicine, HAF may also be used for
medical purposes. In this review, we will focus on HAF in facial rehabilitation (Figure 1).
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2. Material and Methods

The literature was searched through PubMed and Google Scholar to retrieve relevant
published articles on the use of HAF in facial rehabilitation. Clinical trials, clinical studies,
review articles, systematic reviews, meta-analyses, case series, and case reports were
considered for review. Keywords “facial rehabilitation”, “acne scars”, “traumatic scars”,
“oral restoration”, “facial lipoatrophy”, “facial asymmetry”, “periocular correction”, “nasal
obstruction”, “ear lobe restoration”, “morphea”, AND “hyaluronic acid filler” were used to
search the articles. Articles published until 2022 along with reference lists of relevant articles
were included for review. During the literature search, 203 articles were screened, of which
56 were included in this review after detailed analysis. Purely esthetic articles, duplicate
articles, and articles missing details of treatment and adverse events were excluded.

3. Medical Use in Facial Rehabilitation
3.1. Facial Lipoatrophy and Morphological Asymmetry

Facial nerve palsy is a common disease with an estimated prevalence of up to 40 per
100,000 inhabitants without a gender preference [15]. Idiopathic (Bell’s) palsy, viral infec-
tions including herpes simplex, herpes zoster or SARS-CoV-2, tumors, and trauma are
possible causes [16]. It leads to an asymmetric appearance of the face, soft tissue atrophy,
contracture, and hyper- and synkinesis. The severity of facial palsy is classified according to
the House–Brackmann grading system in six categories from zero (normal facial function)
to six (no movement at all) [15].

HIV-associated facial lipoatrophy of the malar and temporal regions is a possible ad-
verse event of anti-retroviral therapy. It is more common with the use of specific thymidine
analog nucleoside reverse transcriptase inhibitors. The prevalence is between 10% and 80%.
The exact pathogenesis is unknown [17,18]. Only lipoatrophy can be targeted by HAF.

Other causes of facial asymmetry include muscular hypotrophy, autoimmune connec-
tive tissue disease, or trauma. Facial asymmetry can cause psychological distress and can
impair self-esteem.

There are several case reports on correction of facial asymmetry or lipoatrophy by
HAF (Table 2) [19,20]. In two prospective open trials, correction of facial lipoatrophy and
morphological asymmetry with HAF resulted in a success rate of 100% at week four [21,22].

Table 2. Use of HAF in facial asymmetry (n—patient number).

Author(s) n Indication(s) HAF (HA Concentration) Outcome

Pavicic et al. (2010) [19] 2 HIV-associated facial
lipoatrophy (FAL)

Belotero balance
(22.5 mg/mL) Improvement during 24 months

Wollina and Goldman (2017) [20] 2 1× Bell’s palsy, 1× after
orthognathic surgery

Belotero balance
(22.5 mg/mL)

Improvement for 6–9 months for
palsy in combination with
repeated treatments of
botulinum toxin type A

Kopera et al. (2018) [21] 53
FAL, morphological
asymmetry (MA),
debilitating scars (DS)

Princess
(23 mg/mL)

Success rate 100% (FLA and
MA), touch-up after 2 weeks, for
DS 94% follow-up 24 weeks

Grablowitz et al. (2020) [22] 60 FLA, MA, and DS Princess
(23 mg/mL)

Success rate 98% at 4 weeks, 80%
at week 24, and 61% at week 36

The effects were documented using the nasolabial fold severity rating scale and the
global esthetic improvement scale.
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3.2. Correction of Depressed Post-Traumatic Scars

Correction of post-traumatic scars is possible with HAF. HAF are a versatile tool,
especially for depressed facial scars (Figure 2) [23–26]. The filler is placed under the
depressed area. In a prospective trial, 41 patients with a median age of 34 years were
treated twice with HAF for depressed scars. Injections were done two weeks apart. There
was a follow-up of 90 days after the second treatment. During the study period, the median
observer total score decreased by 77.5%, and the median patient total score decreased by
73.7%. Younger patients benefitted more [27].
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3.3. Correction of Acne Scars

Acne, a common inflammatory disease of adolescents and young adults, can results
in scarring. The Quantitative Global Scarring Grading System for Post-acne Scarring
differentiates four grades: I with macular flat marks of different color; II with mild atrophic
or hypertrophic scars; III with moderate atrophic or hypertrophic scars; and IV with severe
atrophic or hypertrophic scars [28].

There are different types of acne scars. Atrophic scars include deep and narrow icepick
scars, larger rolling scars, and depressed boxcar scars. Other types are hypertrophic scars
and acne keloids. HAF are only useful in treating atrophic variants of acne scars [29].

HAF are usually used as an adjunct to laser treatment (Table 3) [30–36]. In an open trial
of patients (n = 12) with moderate to severe acne scarring, microinjections of low-viscosity
20 mg/mL HAF were performed into discrete depressed acne scars on the face. All these
patients had previously completed a series of fractional laser resurfacing. An immediate
visual improvement was observed in all lesions. Transient pinpoint bleeding at the injection
site was observed as a temporary mild adverse event [31]. Pain during injection was scored
mild to moderate [30].
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Table 3. HAF to correct acne scars.

Author (s) n Treatment Outcome

Hasson and Romero (2010) [30] 12 Linear threading, serial puncture, or a
combination of both

Improvement moderate (27%), good
(57%), and excellent (17%)

Halachmi et al. (2013) [31] 12 Low-viscosity HAF after laser treatment and
discrete depressed scars Immediate visual improvement

Goodman and Van den Broek (2016) [32] 5 Modified tower-technique, two injections,
3-month follow-up

Static objective grading scale
improvement from 3.2 to 2.6

Dierickx et al. (2018) [33] 12 Low-viscosity HAF three times, 4 weeks
apart, follow-up to 36 weeks

Scar severity, self-esteem, and
self-confidence improved

Artzi et al. 2020 [34] 12 Dual-plane technique, two times, 4 weeks apart 4 weeks apart improved by 2.5

Siperstein et al. (2022) [35] 15 Split-face study, 1mL HAF vs. 1 mL saline,
one touch-up, follow-up 90 days

Quantitative global scarring grading
system: –6.6 (HAF), −1.7 (saline)

Akerman et al. (2022) [36] 12
Four sessions non-ablative laser, immediate
after session one and three injection of
high-viscose HAF

Mild to moderate improvement in all
patients and overall scar appearance
improved by 1.88

Fifteen patients were included in a split-face, blind, randomized, placebo-controlled
clinical trial. HAF (1 mL) was compared to 1 mL of physiological saline to treat atrophic
rolling scars. One touch-up treatment was allowed. Patient satisfaction was 93% in favor of
HAF. Scores from the Quantitative Global Scarring Grading System for Post-acne Scarring
after 90 days were -6.6 (HAF) and -1.7 (saline), respectively [36].

Most studies used scoring systems to document the clinical effects.

4. Periocular Correction

The inability to completely close the eyelids is known as lagophthalmos. It is caused
either by paralysis, lid retraction, or exophthalmos. Injection of 0.1 to 1.2 mL HAF in
the pretarsal or pre-elevator of the upper eyelid can improve lagophthalmos by 4.6 to
4.8 mm. Duration of the effect is about four months. The major side effects are ecchymosis,
blepharoptosis, and contour irregularities [37,38]. Upper eyelid margin irregularities have
been corrected by injection of small amounts of HAF (0.1 to 0.4 mL) with at least 8 months
duration [39].

Orbital volume deficiency can lead to enophthalmos. Orbital volume enhancement
was performed with a standard transcutaneous inferotemporal peribulbar-type approach.
Two milliliters of either Restylane Sub-Q (Q-Med, Uppsala, Sweden) or Juvederm Voluma
(Allergan, Dublin, Ireland) led to a 2 mm improvement for about 6 months. Vasovagal
reaction is a possible complication [40–42].

A similar technique may be used for anophthalmic sockets or sockets of phtisis eyes
after severe trauma [40].

5. Correction of Cleft Lip

Nasoalveolar molding, surgical lip repair techniques, and use of recombinant human
bone morphogenetic protein-2 for alveolar bone grafting show promising results in the
repair of lip and palate clefts [43].

HAF can be used as secondary treatment to improve projection and volume of the
affected area in a profile view and to correct asymmetries [44,45]. This leads to an improve-
ment in self-esteem, but it does not seem to affect lip strength, articulation, or orofacial
myofunctional behavior [46]. The volume effect lasts for about 4 months.

6. Correction of Lip Deformities after Removal of Permanent Lip Implants

Permanent soft tissue implants can result in severe adverse events, even after many
years. Complete removal often needs surgery with or without intralesional laser applica-
tion [47]. After surgical removal, lip competence can be impaired.

Rauso et al. (2020) used HAF to correct lip deformity and restore lip competence at
rest [48] (Figures 3 and 4).
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7. Facial Rehabilitation in the Completely Edentulous Patient

Edentulism is related to the aging process and presents the endpoint of dental disease.
The world-wide prevalence for 2010 was estimated to be 2.3% [49]. The etiology is complex
and depends on genetics, lifestyle, and comorbidities. Edentulism leads to significant alveo-
lar bone resorption of up to 25% within its first year. In addition to this, the jawbone height
becomes reduced, changing the profile of the face. The chin gets projected forward, and the
lips appear thinner and crushed. Another consequence of edentulism is an ongoing atrophy
of the orbicularis oculi muscle, leading the invagination of the red lips and accentuation of
fine lines, the labiomental fold, and the labiomental crease [50,51].

In the concept of complex rehabilitation (bone, teeth, and gingiva), HAF may play an
auxiliary role.

HAF can be used to improve nasolabial folds, labial commissures, lip contour, and
philtrum. This contributes to improved self-esteem and self-rated health [52]. Documenta-
tion of clinical effects is done by clinical investigation, subjective data from the patients,
and standardized photography.

8. Reconstruction of Lost Interdental Papilla

Gingiva and dental papilla play an important role in protecting and maintaining
periodontal structure and health. They are also involved in phonetics. Loss of dental
papilla is multifactorial. Known factors include colonization with Porphyromonas gingivalis,
herpes, periodontitis, senescence, and oral exposure to metals and metalloids [53,54].

Injection of 0.2 mL HAF at day 0 and day 21 resulted in a significant improvement at
6 months [55]. Maximum results with this technique were obtained at 3 months [56]. A more
frequent injection may result in a higher rate of complete restoration after 6 months [57,58].

In a systematic review, five studies showed a reduction in the black triangle with a
percentage range between 19 and 47% (Table 4) [59]. Standardized measurements of BTA,
BTH, and BTW have been employed to document HAF effects.

Table 4. Use of HAF to restore interdental papilla (BTA, black triangle area; BTH, black triangle
height; BTW, black triangle width).

Author (s) n Injections Schedule Outcome (6 Months)

Awartani and Tatakis (2016) [55] 9 0.2 mL day 0 and day 21 Lost interdental papilla area reduced from 1.2 to 0.7

Lee et al. (2016) [56] 10 Five injections in 3 weeks 29 of 43 sites complete restoration and 14 of 43 sites
improved

Patil et al. (2020) [57] 5 <0.2 mL repeated 2–3 times BTA decrease 0.25 mm2, BTH decrease 0.85 mm2,
and BTW decrease 0.34 mm2

Alhabashneh et al. (2021) [58] 12 0.2 mL day 0 and day 21 BTH reduction 29%

9. Reshaping Lower Jaw and Restoration after Delayed Diagnosis of Malar Arch Fracture

In a retrospective trial, 36 female patients (mean age 45.7 years) were treated by
subcutaneous HAF injections to restore the jawline during aging. Four different HAF brand
were employed with different G’ modules. Bolus injections with 0.1 to 0.5 mL were used on
the symphysis, parasymphysis, and gonial angle. Injection was completed by retrograde
release of 0.5 to 1.1 mL HAF along the mandibular ramus, the mandibular body, and the
cutaneous part of the lower lip. After 21 days, all patients reported a rate of satisfaction of
at least 80 on a VAS scale of 0 to 100. Side effects were temporary and mild [60].

A 26-year-old male patient with a complete fracture of the zygomatic arch after a
soccer match presented 9 months after the trauma with facial asymmetry. There was no
functional impairment in mouth opening, but there was edema. For this patient, both a
surgical and a non-surgical approach were proposed. The patient decided to have the
non-surgical treatment. High-viscose HAF was injected supra-periosteally. A second HAF
was injected subcutaneously to restore the malar projection. The result was stable for
8 months. A touch-up was suggested after 12 months [61].
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In cases of early diagnosed malar arch fracture, the surgical approach remains the
gold standard.

10. Ear Lobe Restoration

The outer ears contribute to facial appearance and symmetry. Asymmetry of ears is
seen after trauma, tumor surgery, or by adornment of jewelry and piercings. The latter
can cause stretching and sagging of ear lobes. Genetics as well as intrinsic and extrinsic
aging also contribute. Earlobe ptosis can be classified according to Mowlavi et al. (2005)
into three degrees of severity [62].

Nonsurgical earlobe correction is limited to class I and II, i.e., ptosis ≤ 10 mm.
Injection of HAF into these earlobes results in an immediate improvement of ptosis, a

better fullness of the soft tissue, and improved esthetics. The procedure is well tolerated [63–65].
In a retrospective trial including 26 adult women, 8% were very satisfied and 92% were
satisfied with the results. The effect lasted on average 9 months, but in some patients,
it lasted even 12 months [64]. Another trial on 12 women with Movlawi grade I and II
reported effects lasting even 14 months (Table 5) [66]. Clinical effects were documented by
subjective criteria and semi-quantitative scorings.

Table 5. Effect of HAF on earlobe ptosis Mowlavi grade I and II [60].

Author (s) n Treatment Duration of Effects

Qian et al. (2017) [63] 19 One injection, HAF 0.3–0.5 mL 6–9 Months
Wollina (2019) [64] 26 One injection, HAF ≤ 0.5 mL 9–12 months
Di Gregorio and
D’Arpa (2019) [66] 16 One injection, five patients with

a touch-up after 5–6 months 14 months

There was one animal study on rabbit ears that demonstrated improved cartilage
re-shaping 8 weeks after injection of HAF [67].

11. Nasal Obstruction

Nasal valve irregularities can result in nasal obstruction. HAF injection into the
internal valve from the anterior part results in nasal widening. This technique, also known
as “liquid spreader grafts”, reduced mean nasal resistance from 3.4 ± 5.6 sPa/mL to
0.4 ± 0.3 sPa/mL one month after HAF injection in 16 adult patients. The reported data
suggest a repeated injection after 12 months [68]. Measurement of nasal resistance by
rhinomanometry is an objective tool.

12. Facial Morphea

Morphea or localized scleroderma can cause depressed fibrotic lesions by ongoing
inflammation. Active plaques are characterized by a lilac ring. Morphea en coup de sabre
is a stigmatizing linear type of localized scleroderma of the face.

The intralesional injection of fillers in lesions of morphea and other autoimmune
connective tissue disorders is controversial. According to a recent review, most published
data are available for HAF as filler material. It was concluded that HAF injection seems to
be a safe adjunctive procedure for morphea [69].

The use of soft tissue fillers is not recommended in active lesions, since the volumizing
effect of non-permanent fillers is very limited and relapses are common. In stable lesions
without obvious clinical signs of inflammation, however, injection of HAF may result in
prolonged efficacy. Table 6 summarizes trials and outcomes for patients with morphea en
coup de sabre [70–76]. The volumizing effect was calculated by clinical criteria only.
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Table 6. HAF for correction of facial morphea (morphea en coup de sabre).

Author (s) n Treatment Outcome (Duration of
Volumizing Effect)

Lane et al. (2008) [70] 1 HAF 2 months

Choksi and Orringer (2011) [71] 1 Restylane Perlane 1 mL (20 mg HAF/mL),
repeated after 5 months 5 months

Mashiko et al. (2013) [24] 1 Restylane SubQ 1 mL (20 mg/mL)
followed by Macrolane (20 mg/mL) 12 months

Thareja et al. (2013) [72] 1 HAF, repeated after 6 months 6 months
Sivek and Emer (2014) [73] 1 Juvederm Ultra Plus 0.8 mL (24 mg/mL) >9 months

Sharquie et al. (2019) [74] 16 HAF, 1-2 times, 4 weeks apart
2–24 months (stable disease,
n = 6) and ≤2 months
(unstable disease, n = 10)

Owczarczyk-Saczonek et al. (2020) [75] 2 HAF 0.5 mL once or twice, one week apart Up to 1.5 years

Sharad (2022) [76] 1 Restylane Lyft 1.0 mL (20 mg/mL) plus
Restylane 0.5 mL (20 mg/mL) 4 weeks later 12 months

13. Limitations

HAF are non-permanent fillers. The effects on hydration, tissue stimulation, and
volumizing also remain temporary. Therefore, repeated application is recommended to
maintain the effect. Areas of danger for filler injections need to be avoided. One example
is the forehead, where acute and delayed vascular compromise can lead to disastrous
consequences such as skin necrosis, blindness, or even stroke [77].

Filler injection requires a detailed knowledge of filler properties, anatomy, and man-
agement of adverse events. Hyaluronidase is the major tool in management of minor
(granuloma) and severe side effects (vascular compromise) and should be available on
site [78]. Based on clinical data, 10 to 20 U of hyaluronidase are sufficient to dissolute
0.2 mL of HAF in most cases [79,80].

In recent years during the COVID-19 pandemic, adverse reactions to HAF (particu-
larly acute inflammatory reactions) have been reported due to SARS-CoV-2 infection [81].
Although exact mechanisms have not been elucidated, three possible hypotheses are dis-
cussed: (a) an intensified hygiene regimen during the COVID-19 pandemic and the use
of protective face masks changed the cutaneous microbiome, (b) increased stress levels
with higher endogenous cortisol, and (c) induction of delayed immune response by viral
infection. Both (a) and (b) result in activation of a Th2 response. COVID-19 vaccination may
also increase the risk of unwanted side effects with HAF [82]. Although most adverse filler
reactions have been documented after mRNA vaccines, they may occur with other vaccine
types as well. For mRNA vaccines, hypersensitivity to polyethylene glycol or interaction
with the spike protein of SARS-CoV-19 have been discussed [83].

There have been various attempts to establish a consensus on HAF safety and preven-
tion of adverse events [84–86]. Heydenrych et al. (2021) developed a 10-point algorithm
to increase patient safety with HAF injection. The included (1) patient’s medical his-
tory, (2) assessment (ethnicity, gender, and beauty), (3) consent, (4) product reversibility,
(5) product characteristics (i.e., HA concentration, crosslinking, and G’), (6) product layer-
ing, (7) photo-documentation, (8) procedural planning and aseptic technique, (9) anatomy
of injections, and (10) technical knowledge [87].

Within these limitations, HAF can be used safely for various medical indications such
as facial rehabilitation. Prospective, controlled trials are sparse but necessary to gain better
evidence for the proposed techniques and indications.

14. Conclusions

In the concept of facial rehabilitation, different and often complex approaches are nec-
essary to obtain satisfying results. Surgical and non-surgical methods have been developed
to tailor the treatment to the individual patient’s needs.
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HAF can be considered as an auxiliary procedure in combination with cold steel or
laser surgery. Despite the wide accessibility of HAF and the minimal invasive approach
to apply, there are several limitations. HAF need to be applied repeatedly to maintain the
clinical effects. Application needs experience and management of possible adverse events.
Costs for the treatment have to be covered by the patients.

Nevertheless, HAF injections have been documented for a wide range of possible
indications in facial rehabilitation. In the hands of experienced physicians, they can help to
improve function, appearance, and self-esteem of patients.

Further studies are necessary since the level of evidence is rather low.
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