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BACKGROUND Recently, a biostimulatory dermal filler based on polycaprolactone (PCL) microspheres was
introduced. To our knowledge, no report has examined the safety and efficacy of PCL-based dermal fillers in
forehead augmentation.

OBJECTIVE To evaluate the safety and efficacy of forehead augmentation using a PCL-based dermal filler.

MATERIALS AND METHODS The study population consisted of 58 patients (57 women, 98%; 1 man, 2%),
aged 20 to 65 years, undergoing forehead augmentation using a PCL-based dermal filler between October 2013
and October 2015 at our clinic. The physicians used the Global Aesthetic Improvement Scale (GAIS) to evaluate
its efficacy 1, 3, 6, 12, and 24 months postoperatively.

RESULTS The mean GAIS score at 1, 3, 6, 12, and 24 months was 2.14 6 0.95, 2.38 6 0.77, 2.50 6 0.76, 2.45 6
0.52, and 2.33 6 0.50, respectively. The scores increased markedly from 1 to 3 months and were maintained at
24 months.

CONCLUSION A PCL-based dermal filler is a good option for soft tissue augmentation of the forehead, as it is
safe and has long-lasting favorable cosmetic efficacy.

The authors have indicated no significant interest with commercial supporters.

While the “Caucasian attractive face” has
a somewhat masculine appearance, the “Asian

attractive face” has a feminine appearance, which is
characterized by smooth facial contours.1 The
forehead aesthetic unit is one of the most important
areas that can confer an attractive and feminine
appearance to the face.2 There is a rapidly increasing
demand for the forehead contouring procedure in
Asia. Furthermore, regarding the aging process
associated with forehead skin laxity, relative muscle
atrophy, and brow ptosis, the application of
botulinum toxin alone is not sufficient to correct
foreheadwrinkles, and volume placement is essential.3

Forehead augmentation is very important to achieve
a beautiful face and an optimal younger appearance.

Forehead augmentation methods can be divided into
soft tissue and skeletal augmentation. Although the
results achieved with implants are long-lasting, soft

tissue augmentation is generally preferable, because it
lacks the incisional scar, implant movement, and vis-
ible borders associated with the former. Among soft
tissue augmentation, autologous fat transfer requires
a prolonged recovery time and yields unpredictable
results compared with hyaluronic acid (HA) dermal
fillers, including irregularities and overgrowth.4,5

Recently, a biostimulatory dermal filler based on poly-
caprolactone (PCL) microspheres (Ellansé, Sinclair
Pharma,London,UK)was introduced. Polycaprolactone
is a polymer that is completely bioresorbable, as shown
using 3H- and C14-labeled PCL.6,7 The PCL chains
undergo chain scission through hydrolysis, forming
hydroxycaproic acid and water, which are resorbed via
metabolic pathways and readily excreted.6–9 The lon-
gevityof aPCLdermalfiller after injectiondependson the
initial average length of the individual polymer chains
within the microspheres. There are 4 commercial PCL
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dermal fillers with durations ranging from 9months to 4
years.Of these,we usedEllanséM,which is sustained for
2years. Toourknowledge, no reports have examined the
safety and efficacy of PCL-based dermal filler in forehead
augmentation. Here, we report our experience with
forehead augmentation using PCL-based dermal filler,
along with its safety and long-term efficacy.

Materials and Methods

Patient Population

The study population consisted of 58 patients (57
women, 98%; 1 man, 2%), aged 20 to 65 years, under-
going forehead augmentation using PCL-based dermal
filler (Ellansé, Sinclair Pharma, London, UK) between
October 2013 and October 2015 at our clinic. The rea-
sons for taking forehead contouring treatment were an
uneven contour (n = 29, 50%), or a concavity due to
aprominentbrowridgeandrelative frontalbonebossing,
a flat surface, and volume augmentation (n = 29, 50%).
Subjects who had previously received permanent
implants at any time or had undergone soft tissue aug-
mentation in the forehead within 6 months before treat-
ment were excluded from the study. We did not treat
patients who had a known hypersensitivity to any of the
componentsof thePCL-baseddermalfiller, recurrent skin
disease on the forehead, history of autoimmune disorder
or connective tissue disease, known bleeding disorder, or
active infection of any kind at the time of treatment.

Evaluation

Photographs of the forehead area were taken before
treatment and at 1, 3, 6, 12, and 24-month follow-up
visits. Through photographs, evaluation was carried
out by physicians using the Global Aesthetic
Improvement Scale (GAIS) assessment for efficacy (3 =
very much improved, 2 = much improved, 1 =
improved, 0 = no change, 21 = worse).10

Treatment

De Melo and colleagues11 reported that lidocaine can
be mixed safely with PCL-based dermal fillers without
negatively changing the physical properties of the
original dermal filler. We mixed 1.1 mL of PCL-based
dermal filler with 0.19 mL of a 2.0% lidocaine

hydrochloride (HCl) solution, using a female-to-
female Luer Lock connector with 15 mixing strokes,
yielding a PCL dermal filler with a 0.3% lidocaine
concentration.11

At first visit, to all the patients, we injected botulinum
toxin Type A (BTA) on forehead horizontal lines. At
second visit, approximately 2weeks after the first visit,
PCL dermal filler injection was performed. Before
injection, supratrochlear and supraorbital nerve block
were performed with 2.0% lidocaine HCl and epi-
nephrine (1:100,000). The PCLwas administered into
the submuscular layer of the forehead area using
a 25-G blunt cannula. In most cases, entry points were
made at 3 locations using a 23-G sharp needle, which
was placed near the frontal hairline and away from
any visible veins (Figure 1). The injected volumewas 3
to 4mL inmost cases. After injection, the treated areas
were gently massaged to achieve a smooth and convex
surface. After treatment, subjects were instructed
to minimize exposure of the treated areas to excessive
pressure and not to massage the treated area.

Results

Efficacy

The efficacy of the PCL dermal filler injection was
assessed according to the GAIS. At all posttreatment
time points, the GAIS score was >1 (indicating
“improved” outcome). The mean GAIS scores were
2.14 6 0.95 at 1 month, 2.38 6 0.77 at 3 months,
2.50 6 0.76 at 6 months, 2.45 6 0.52 at 12 months,
and2.3360.50 at 24months (Figure 2). Interestingly,
the scores increased markedly from 1 to 3 months and
were well maintained to 24 months. Photographs of
the patients who were followed up until 24 months
after the initial treatment are shown in Figure 3.

Touch-Up

Touch-up treatment was performed after the initial
treatment as necessary. Touch-up treatment was
required in 3 patients; in all 3 cases, the reason for
touch-upwas insufficient volume as determined by the
physicians and patients. There were no cases of
lumpiness or uneven contours during the study period.
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Safety

No serious adverse events, such as vascular accidents,
were reported at any time point. Reported injection-
related adverse events, such as edema and ecchymosis,
all resolved without interventions. No nodules, gran-
ulomas, or other complications were reported.

Discussion

There have been few studies regarding the efficacy of
PCL-based dermal filler in soft tissue augmentation. A
pilot study showed that a PCL-based dermal filler was
safe,well tolerated, andeffective forhandrejuvenation.12

Galadari and colleagues13 reported that PCL dermal

fillers last longer thanHAdermalfillers innasolabial fold
treatment. To our knowledge, ours is the first study to
show the efficacy of PCL in forehead augmentation.

Autologous fat grafting is one of the most common
methods of forehead augmentation in Asia. The most
common complications after fat grafting are related to
aesthetic issues.5 The presence of an irregularity can
result from the intrinsic nature of the patient’s body,
from the technique used for placement, and from
migration after placement. As the surgeon gains
experience with the technique, significantly fewer
irregularities occur.5 Regardless of the surgeon’s
experience and technique, however, overgrowth of
a fat graft can occur with or without weight gain.5

Therefore, although fat grafting by an expert is still
a good option for forehead augmentation, it is also
true that fat grafting has some shortcomings.

Hyaluronic acid fillers are also commonly used as
a substitute for fat grafting in forehead augmentation
in Asia. Because of the high water-binding capacity
and low elasticmodulus of theHAdermalfiller and the
unique anatomy of the forehead, which has little
subcutaneous fat overlying a relatively wide, as well as
its flat bony structure, it is very important to choose an
appropriate type of HA filler. The injection volume
and the injection plane are more important in the
forehead area, as compared with other areas of the
face. HA dermal fillers consist of glycosaminoglycans
binding large quantities of water because of their

Figure 2. Mean Global Aesthetic Improvement Scale score

over a 24-month period. The scores increased markedly

from 1 to 3 months, and the scores were well maintained

to 24 months.

Figure 1. Diagram showing the cannula entry points with the relevant forehead arteries. We used 3 entry points near the

frontal hairline and away from visible veins: in the middle at the facial midline and at 2 lateral points between the mid-

pupillary line and temporal crest. To avoid the supratrochlear and supraorbital arteries and frontal branch of the superficial

temporal artery, administration into the submuscular layer is extremely important.
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polyanionic and hydrogen-bonding character.14,15

Just 1 g of a very lightly crosslinkedHA can bind up to
3 L of water.14 In addition to its high water-binding
capacity, the elastic modulus (G9) of HA dermal fillers
ranges from 100 to 1,000 Pa and is lower than that of
dermis (i.e., 3 MPa).15–17 The PCL-based dermal filler
contains 30%(byweight) of PCLmicrospheres, which
are homogenously suspended in an aqueous-based
carboxymethyl cellulose (CMC)-carried gel. Using the
same conditions reported by Stocks and colleagues,17

PCL dermal filler was found to exhibit an elastic
modulus, represented by G9, of approximately
1,000 Pa, which is significantly higher than the values
reported by Stocks and colleagues for a range of HA
fillers. TheCMCmolecules in PCLdermalfiller are not
crosslinked and, therefore, the gel displays significant
shear thinning properties.11 This enables PCL-based
dermal filler to demonstrate a smooth and acceptable
extrusion force during application. After injection, the
CMCgel carrier is gradually resorbedbymacrophages
over a period of several weeks, during which the PCL
microspheres stimulate neocollagenesis. The new col-
lagen replaces the volume of the resorbed carrier.18

Therefore, after neocollagenesis, a PCL dermal filler
could have an elastic modulus almost equal to that of
the dermis and is cosmetically more favorable than an
HA dermal filler. Furthermore, the synthesized colla-
gen is Type I collagen, which can produce a natural

result that is little different from the body’s own tissue,
unlike other synthetic materials.18,19

We mixed the PCL dermal filler with lidocaine to give
a 0.3% lidocaine concentration. As with HA fillers
mixed with lidocaine, we expected that the lower vis-
cosity, elasticity, and extrusion force would lead to
greater ease ofmolding and increased patient comfort.
In our experience, the molding was easy, giving an
even surface after injection.

One of themost important findings of the present study
was that the GAIS score increased markedly from 1 to
3 months after the initial treatment. This was taken to
indicate that neocollagenesis occurred mostly within
about 3 months. Therefore, we suggested that the role
of botulinum toxinmaybe important, because frontalis
muscle activity may interrupt the even absorption of
CMC gel and neocollagenesis by PCLmicrospheres. In
all the study population, we injected BTAonhorizontal
forehead lines approximately 2 weeks before PCL
forehead augmentation. The reason of 2-week interval
was that the full effect of BTA typically takes 3 to 10
days.20 In some patients, especially who are old and
have deep forehead horizontal lines, reinjection of BTA
was performed averagely after 4 months. The depth of
BTA injection was more superficial than that of fron-
talis muscular layer following recently published

Figure 3. Photographs of the foreheads of 2 female patients at baseline (A and E), and 3 (B and F), 12 (C and G), and 24

months (D and H) after the initial treatment. The reasons for the augmentations were uneven contours in both patients.

After polycaprolactone injection, the uneven outline was corrected and volumization of the area was performed. After 24

months, the efficacy was well preserved in both patients.

LONG -TERM EFF ICACY OF PCL F I L LER FOR FOREHEAD CONTOUR ING

DERMATOLOG IC SURGERY4

© 2016 by the American Society for Dermatologic Surgery, Inc. Published by Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



consensus for aesthetic treatments using BTA in
Asians.21 Interestingly, in few cases, when the needle
was injected on the submuscular layer unintentionally,
we could feel relative resistance on injection, but the
pressure was not so strong as we have experienced in
intralesional injection on keloid scar and hypertrophic
scar. We could not find any differences of the effect of
BTA injection regardless of resistance. The reason for
resistance might be related to neocollagenesis in the
submuscular layer after PCL injection.

In conclusion, this study shows that PCL-based dermal
filler is a goodoption for soft tissue augmentationof the
forehead, as it is safe and has long-lasting favorable
cosmetic efficacy. Since our study is a preliminary study
limited by the lack of a placebo control or blind eval-
uation by the investigators, further study is required.
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