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Key Clinical Message

Chin augmentation by hyaluronic acid filler injection rarely causes abnormal
bone resorption in the mentum. Thus, when taking the history of a patient with
jaw deformity, it is imperative to check the history of treatment of the mentum.

Abstract

Hyaluronic acid (HA) filler injection is a common procedure in nonsurgical cos-
metic chin augmentation. Due to its high biocompatibility and simple injection
technique, HA filler injection is a popular procedure. However, adverse events
such as allergic reactions and foreign body reactions have been reported in some
cases. In this study, we report a case of skeletal Class II jaw deformity in which
bone resorption was observed in the mentum after HA filler injection. The pur-
pose of this study is to discuss the indications for HA filler injection in skeletal
Class II cases that require orthognathic surgery. The patient was a 30-year-old
woman. To improve retrusion of the mentum, she has been receiving HA filler
injections in the mentum three times every 6 months in the cosmetic surgery
clinic since 2015. However, the retrusion of the mentum did not improve, which
prompted here to visit the orthodontic clinic. Radiographs and CT revealed bowl-
shaped bone resorption surrounding the foreign bodies in the mentum. She was
diagnosed with maxillary protrusion, vertical maxillary excess, mandibular retru-
sion, and bilateral condylar resorption. Bimaxillary orthognathic surgery (BOGS)
and removal of residual HA fillers were planned after completion of the preop-
erative orthodontic treatment. After BOGS, the foreign bodies were completely
removed, and the resorption cavities were filled with excess bone segments from
the surgical sites. X-ray photoelectron spectroscopy analysis of the foreign bodies
suggested the presence of HA. One year after the BOGS, no progression of condy-

lar resorption occurred, and bone healing at the mentum had a good prognosis.
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1 | INTRODUCTION

Hyaluronic acid (HA) filler injection has been widely
used in plastic and cosmetic surgeries for soft tissue aug-
mentation and facial wrinkle reduction." HA filler in-
jection is a popular procedure compared with genioplasty
owing to its convenience, immediate effect, and safety.3’5
HA is a natural acidic mucopolysaccharide and is an im-
portant component of the skin, subcutaneous tissue, vit-
reous humor, synovial membrane, and synovial fluid,®’
and widely used in orthopedics to relieve joint pain from
osteoarthritis or rheumatoid arthritis. Owing to its excel-
lent biocompatibility, HA is resistant to infections, aller-
gic reactions, and foreign body reactions. It is degraded
and resorbed in vivo within 3-6 months.®’ Contrarily,
chemically modified HA is stabilized for long-term re-
tention via chemical cross-linking.'>'! In 2003, the use of
synthetic HA derivatives was approved by the Food and
Drug Administration in the United States for soft tissue
augmentation. At present, they are widely used for non-
surgical chin augmentation.

In some cases, retrusion of the mentum is accompa-
nied by skeletal problems such as mandibular retrusion,
condylar resorption, and vertical maxillary excess. In
these cases, appropriate orthodontic skeletal assessment
and subsequent orthognathic surgery are essential for
skeletal improvement. However, there is a trend toward an

Therefore, the patient underwent reduction and advancement genioplasty. She
was satisfied with her facial profile and occlusal function. Unexpected bone re-
sorption in the mentum caused by HA filler injection is often discovered inciden-
tally. Although, patients may feel hesitant to confess their history of treatment of
the mentum, it is important to ensure that they are carefully interviewed.

bone resorption, chin augmentation, hyaluronic acid (HA), orthognathic surgery

increase in the volume and frequency of HA filler injec-
tions in patients seeking nonsurgical treatment for skele-
tal problems. Unexpected bone resorption of the mentum
has been reported as a rare adverse event; although, the
potential adverse effects of HA filler injection are mini-
mal, as aforementioned.'>"* In a retrospective study, Guo
et al."® analyzed the clinical factors causing bone resorp-
tion with HA filler injection and found that bone resorp-
tion was associated with the volume of HA injected each
time, the frequency of injection, and the interval between
injections. Herein, we report a case of jaw deformity with
bone resorption in the mentum after HA filler injection.
We conducted X-ray photoelectron spectroscopy (XPS)
analysis to identify the foreign body substance. Our results
suggested that the foreign body was HA.

2 | CASE PRESANTATION

2.1 | Case history

A 30-year-old woman visited a cosmetic surgery clinic
with a chief complaint of esthetic disorder due to retru-
sion of the mentum. Since 2015, she has been receiving
HA filler injections three times every 6 months to 1year.
However, the retrusion of the mentum did not improve.
Thus, she visited an orthodontic clinic in August 2021,

HA injection in the mentum
in the cosmetic surgery clinic

Clinical diagnosis

in the orthodontic clinic

First surgery
in our department

Second surgery
in our department

Lol l

Every 6 months

1 years

,, l

1 years

v

Start the preoperative
orthodontic treatment

2015 2016 2021

FIGURE 1 Flow-chart of the course of treatment.
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where she was diagnosed with skeletal maxillary protru-
sion with vertical maxillary excess and skeletal mandibu-
lar retrusion with condylar resorption. After 6 months of
follow-up, the condylar resorption did not improve, so
preoperative orthodontic treatment was initiated. In July
2022, after completion of preoperative orthodontic treat-
ment, the patient visited our department for orthognathic
surgery. The patient had no medical history, family his-
tory, hereditary diseases, or diseases currently under

(A)

(B)

FIGURE 2 Preoperative findings.

(A) Facial photographs. (B) Intraoral
photographs. (C) Panoramic radiographs.
(D) Cephalometric radiographs. Coronal
view of the right condyle (E) and left
condyle (F) in CT (the left panel) and MRI
(the right panel).
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treatment. The course of the treatment over time is sum-
marized and illustrated in a flow chart in Figure 1.

2.2 | Diagnosis and treatment

At the initial visit, her facial appearance was asymmet-
ric and dolichofacial, and her lateral appearance was
convex (Figure 2A). She had difficulty with lip closure
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and had a gummy smile that exposure of the maxillary
alveolar gingiva was about 7mm at smiling. Intra-oral
examination indicated a bilateral Class II molar re-
lationship. The upper and lower dental midline was
aligned to the facial midline. The patient had proclined
upper incisors with an overjet of 3 mm (Figure 2B). The
radiographic findings were reduced bilateral mandibu-
lar ramus with bilateral mandibular head resorption
and mandibular retrusion (Figure 2C, D). The patient
had no temporomandibular joint symptoms; however,
imaging examination showed erosion and osteosclero-
sis of the bilateral condylar heads (Figure 2E, F). Two
bilateral concavities and radiopaque foreign bodies
were detected in the mentum (Figure 3). Based on the
diagnosis of skeletal Class II, maxillary protrusion with
vertical maxillary excess, skeletal mandibular retrusion
with condylar resorption, and bone resorption in the
mentum induced by foreign bodies, bimaxillary orthog-
nathic surgery (BOGS) (Le Fort I osteotomy, inverted
L-shaped ramus osteotomy (ILRO)), and extraction of
foreign bodies in the mentum were performed in July
2022. The planned movement of each landmark was U1;
7mm up, PNS; 4mm up, U6; 5.5mm up, LL6; 3.2mm
advance, LR6; 3.8 mm advance, Pog; 8.0mm advance,
and the bone gap was approximately 4 mm at the mar-
gin of mandible body. After placing the patient in the
planned position based on preoperative virtual plan-
ning, the maxilla and mandible were fixed with absorb-
able plates and a T-shaped titanium plates, respectively
(Figure 4A). As presented in Figure 4B, clear, elastic,

(A)

and soft foreign bodies were detected under the perios-
teum in the mentum. Although there was no evidence
of infection, the foreign bodies were carefully dissected
because of their adhesion to the periosteum and scar tis-
sue. Residual bone from the osteotomy was grafted onto
the dish-shaped bone defects after the foreign body re-
moval. Decortication was not performed because there
was blood supply from the perforator vessels from the
bottom of bone defects.

2.3 | Examination of the foreign bodies

The two foreign bodies measured about 30X7mm
and 15x7mm, respectively, and were elastic and soft
(Figure 5A). Histopathological examination revealed
a hematoxylin-positive foreign body on HE staining
(Figure 5B, C), and mild inflammatory cell infiltration
and multinucleated giant cells were found in the periph-
eral fibrous connective tissue and muscle tissue of the for-
eign bodies (Figure 5D,E). To identify the foreign bodies,
XPS was performed (Figure 6). A wide-scan XPS spectrum
(Figure 6A) had two strong peaks assigned to C1s (open
arrow head) and O1s (closed arrow head) orbitals. No
photoelectron emissions were detected for S2p and N1s.
This observation was confirmed by narrow-scan analysis
(Figure 6B-E). Shoulder peaks are seen in spectra for C1s
(Figure 6B) and O1s (Figure 6C), indicating the presence
of C-OH and C-O-C moieties. These results suggest that
the major elements contained in the foreign bodies are

FIGURE 3 Foreign body appearance
in CT. (A) Three-dimensional CT view

of the bone defect (allow head) in the
mentum. (B) Soft tissue mode of CT.
Arrow heads indicate foreign bodies.
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(A)

FIGURE 4 Operative findings. (A) Postoperative view of 3D-CT. (B) Intraoperative photographs. (Left panel) arrow heads indicate
foreign bodies. (Midpanel) bone defects after foreign body removal. (Right panel) bone graft to the defects.

FIGURE 5 Histopathological study. (A) Photograph of the foreign bodies on the right side defect (A) and the left side defect (B). (C-E)
Histopathological photographs. (C) X100, (D, E) x400. The white arrowheads in (E) indicate inflammatory cell infiltration, and the black
arrowheads indicate multinucleated giant cells.
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FIGURE 6 XPS analysis of the foreign body. (A) Wide-scan spectrum of the foreign body. Peaks assigned to C1s (black arrowhead)
and Ol1s orbitals (white arrowhead) were observed. (B-E) Narrow-scan spectra for (B) C1s, (C) O1s, (D) S2p, and (E) N1s orbitals. Note that
shoulder peaks seen in spectra (B) and (C) suggest the presence of C-OH and C-O-C moieties. No clear peaks were observed for S2p in
spectrum d and N1s orbitals in spectrum (E). In spectra (A-E), binding energy was calibrated with C1s (248.8eV).

carbon, oxygen, and hydrogen. According to this result as
well as the clinical background, it is likely that the foreign
bodies are made of HA. Although glycosaminoglycan HA
should contain nitrogen, we could not detect this element
by the XPS analysis (Figure 6D, E), probably because ni-
trogen is a trace component of HA and thus photoelectron
emissions from the N1s orbital was not noticeable.

2.4 | Outcome and follow-up

One year after the BOGS, the condylar resorption was
not advance. In addition, radiographs revealed that the
concavities at the mentum were obscured (Figure 7). To
improve the patient's facial proportion, genioplasty was
performed in August 2023. Consequently, bone defects
disappeared by bone grafting, and the ideal position and
shape of the mentum could be obtained (Figure 8A). At
present, 1.5years after the BOGS, relapse and condylar
resorption did not occur, and the patient achieved good
facial proportion and occlusal function (Figure 8B, C).

3 | DISCUSSION
In the present case, BOGS and bone grafting were per-
formed to improve the jaw deformity and morphology
of abnormal bone resorption in the mentum caused by
HA filler injection. Furthermore, the foreign body was
identified as HA via XPS analysis, and it was found that
the unexpected bone resorption was caused by HA filler
injection.

A clinically ideal filler needs to be safe and effective.
It must also have the properties of long-term chemical
stability, safe absorption in vivo, biocompatibility, non-
toxicity, nonantigenicity, noninflammatory, low cost, and
easy storage.'* As filler injection therapy is usually per-
formed on an outpatient basis, it should ideally be easy to
perform, maintain the bulging state for a long time with-
out any foreign body reaction at the injection site, and be
easily removed or resorbed back to the pretreated state if
necessary.15 However, the absence of tissue reaction indi-
cates the absence of degradation or resorption. Therefore,
at present, no filler that meets all the requirements exists.
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(A)

(B)

FIGURE 7 Radiographic findings 1year after the BOGS.
Cephalometric radiographs (A) and CT (B) at 1year after the BOGS.

Among the fillers used in soft tissue augmentation is HA,
which is derived from living organisms and has no organ
or species specificity. Therefore, HA induces no allergic
reaction and has high biocompatibility.'® HA filler injec-
tion is the most popular nonsurgical procedure for chin
augmentation.

Bone resorption in the mentum is a known complica-
tion of chin augmentation.'>'® It is often caused by the
materials of chin implants, such as silicone, polyethylene,
and polyamide. Yeung et al.'” conducted a systematic
review of bone resorption using different implants and
fillers after chin augmentation. They reported that the
prevalence of bone resorption caused by HA filler injec-
tion is considerably low compared with that caused by
other chin implants. However, Guo et al.’® conducted a
retrospective study of bone resorption in the mentum
with HA filler injection and analyzed the clinical factors
causing this condition. They reported that bone resorption
was associated with the volume of HA injected each time,
frequency of injection, and interval between injections. In
this case, HA filler injection was performed three times
every 6 months to 1year; however, the volume of HA filler
injected each time was unknown.

Robinson et al. reported bone resorption with chin
implants'® and advocated the classification of bone re-
sorption patterns in 1972."° Robinson's classification
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assessed the amount of bone resorption by comparing
the installed implant volume with the depth of bone re-
sorption. In the present case, although the exact volume
of the HA filler was unknown, the bone defect volume
was approximately half that of the filler, and the maxi-
mum depth of the defects was more than 5mm. Based
on the results, the present case was classified as grade
III, which is the most severe category. The patient in
this case visited the orthodontic clinic because of com-
plaints of lack of esthetic improvement, which led to the
incidental detection of bone resorption of the mentum.
However, in the absence of infection, allergic reaction,
or cosmetic disturbance, the chances of being aware of
the bone resorption in the mentum may be low, and it
is possible that there are potential patients with bone
resorption of the mentum. Therefore, Polo emphasized
the importance of regular follow-up with cephalogra-
phy to detect bone resorption at an early stage and re-
ported a flow chart of the follow-up algorithm after chin
augmentation.20

The mechanism of bone resorption with chin augmen-
tation is generally recognized due to continuous compres-
sive force exerted on the cortical bone of the mentum by
the mentalis muscle. Matarasso et al. reported that pro-
gressive bone resorption following silastic chin augmen-
tation was associated with labial incompetence.*** They
hypothesized that lip closure with labial competence in-
duced a hypertonic state in the mentalis muscle. In gen-
eral, many patients undergoing chin augmentation were
diagnosed with skeletal Class II mandibular retrusion.
Chin augmentation with implants or fillers is unable to
improve the position of the mentalis muscle. Thus, after
chin augmentation, mentalis muscle tension is induced
by lip closure, the cortical bone of the mentalis is exposed
to continuous compressive force, and bone resorption is
induced. In the present case, the skeletal diagnosis was
also Class II, and difficulty in lip closure was observed at
the initial visit. Based on these results, accurate skeletal
diagnosis before chin augmentation is critical to prevent
unexpected bone resorption.

Sagittal split ramus osteotomy (SSRO) is the most per-
formed procedure of orthognathic surgery in the mandi-
ble.?® However, the counterclockwise rotation of the distal
segment with an increase in the height of the mandibular
branch is problematic in terms of postoperative stabil-
ity and adverse effects on the temporomandibular joint.
Reduction of blood supply to the proximal segment may
induce progressive condylar resorption. On the other
hand, ILRO may reduce the risk of condylar head resorp-
tion because the position of the gonion does not change
before and after surgery and blood supply from the tempo-
ralis muscle to the proximal segment can be maintained.*
In this case, because of the deformity due to significant
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(A) ®)

FIGURE 8 Operative findings at genioplasty, final occlusion, and facial appearance. (A) Photograph of the mentum at genioplasty. (B)
Facial photographs 1.5years after the BOGS. (C) Intraoral photographs 1.5years after the BOGS.

condylar head resorption, ILRO was chosen instead of
SSRO to maximize blood supply to the proximal segments
and postoperative stability.

Patients who have received HA injections are consid-
ered to have a high demand for cosmetic improvement
because of their desire for improvement of their facial
proportions. For this reason, it is important to inform
them that in order to improve the proportion of the men-
tum, they must first undergo bone grafting in the area of
resorption of the mentum. After the osteogenesis is con-
firmed, genioplasty will be necessary. It is important to
explain that since the mentum has been damaged by HA
injections, there is a scar tissue and poor blood supply.
Clinicians should consider the prevention of infection and
autogenous bone grafting is the most desirable procedure.

XPS is a method of elemental analysis of an object's
surface through measurement of the kinetic energy of

photoelectrons emitted when a sample is irradiated with
X-rays.”® In XPS analysis, the sample is irradiated with
soft X-rays, and the binding energy is determined by
measuring the velocity of the photoelectrons (electrons
excited by light) emitted when the material is ionized.
Using the spectrum obtained from the binding energy
analysis, it is possible to determine the elements con-
tained in the sample. The shape of the spectrum also
gives an approximate idea of the existing chemical
bonds. Figure 6A presents two sharp peaks in the wide
scan results. The right peak (open arrow head) is based
on carbon and the left peak (closed arrow head) is based
on oxygen. Figure 6B, C presents the results of the car-
bon and oxygen narrow scans, respectively. A shoulder
is observed on the carbon and oxygen peaks, suggest-
ing that they contain C-OH and C-O-C. These results
suggest that the sample is probably HA; although,
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nitrogen was not detected most likely because it is rel-
atively a trace element in HA. The presence of proteins
is excluded because we did not detect sulfur and thus
the sample seemed not to be of biological origin. As a
whole, it is assumed that the foreign bodies are made
of a relatively pure, externally injected polysaccharide,
most likely identified as HA based on its clinical course.
It was therefore concluded that the bone resorption in
the mentum was caused by the HA filler injection.

A limitation of this study is that it is a single case re-
port and cannot consider how the amount and frequency
of HA injections affected bone resorption in the mentum
as in clinical studies such as Guo et al.”®> On the other
hand, in this study, XPS showed that the foreign bodies
were HA. This suggests that long-term exposure to artifi-
cial synthetic HA in the mentum directly causes abnormal
bone resorption.
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