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Background: Polycaprolactone (PCL) is a well-known totally bioresorbable medical polymer that has been

used in numerous CE-marked and FDA-approved medical devices for several decades. In 2010 a PCL-based

dermal filler was introduced to the aesthetic market, the first dermal filler based on PCL for soft tissue aug-

mentation providing immediate and longer-lasting results through biostimulation. 

Objective: To assess the biostimulatory effects of the PCL microspheres of Ellansé™-S (Polycaprolactone; PCL-

1) and Ellansé™-M (Polycaprolactone; PCL-2) through histological analysis after injection in an animal model.

Method and materials: Two rabbits were injected with different versions of the PCL-based dermal filler, PCL-

1 and PCL-2. Nine and twenty-one months post-injection biopsies were taken from each injection site and

sampled for histological analysis and collagen formation. 

Results: Nine months post-injection the PCL-microspheres of PCL-1 were totally bioresorbed and new col-

lagen was formed. PCL-2 revealed formation of collagen Type I and Type III around PCL-microspheres. Twenty-

one months post-injection the PCL-microspheres of PCL-2 are still present in the tissue. PSR-staining

confirmed the presence of primarily collagen Type I.

Conclusion: The PCL dermal filler stimulates the formation of new collagen around the smooth and spheri-

cal-shaped PCL-microspheres, leading to a mature collagen scaffold of primarily collagen Type I. 
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he use of injectable dermal fillers for
soft tissue augmentation continues to
be on the rise, although the attitude

towards the filler type is shifting towards
longer-lasting, non-permanent, biore-
sorbable fillers1. 
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Neocollagenesis is a process which has a
direct influence on the longevity of dermal
fillers. Biostimulating dermal fillers use the
body’s natural response to encapsulate for-
eign bodies and to stimulate the formation
of collagen around the microspheres, form-
ing a longer-lasting implant2-4. 
There are multiple types of collagen, but the
most significant collagen types in the skin
are Type I collagen and Type III collagen5,6.
Type III collagen is common in fast growing
tissues and the first to be produced in
wound-healing. In time the small collagen
fibers Type III is replaced by the larger and
tougher collagen fibers Type I. 

In January 2010 a new biostimulating dermal
filler based on polycaprolactone (PCL) mi-
crospheres (Ellansé™, AQTIS Medical,
Utrecht, The Netherlands) was introduced to
the aesthetic market. The Ellansé™ Family
(Ellansé-S, Ellansé-M, Ellansé-L and Ellansé-
E) is indicated for deep dermal and subder-
mal implantation. 
The product is CE-marked and is made of
30% non-crosslinked PCL microspheres and

70% aqueous carboxymethylcellulose (CMC)
gel carrier. It is the first dermal filler based on
PCL microspheres (for review of PCL, see
Gritzalas7). PCL and CMC individually have
an excellent and proven biocompatibility
profile and have been used successfully in
numerous CE-marked and FDA approved
medical devices, such as dermal fillers, oral
and maxillo-facial surgery, wound dressing
and controlled drug delivery8-13. 

PCL is a totally bioresorbable, non-toxic
medical polyester that is attractive for the
use in medical devices because of its ease
of bioresorption by the hydrolysis of ester
linkage and the non-toxic degradation
products, hydroxycaproic acid and water,
which are resorbed through the metabolic
pathways or readily excreted14-18. With 3H-
labeled PCL and C14-labeled PCL implanta-
tion studies it has been proven that PCL
was completely excreted from the body14,15.

The PCL microspheres are totally smooth
and spherical-shaped, which has been
shown to be optimal for dermal fillers19,20.
Figure 1 shows a SEM and light microscope

FIGURE 1. SEM and light microscope picture of PCL microspheres.
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picture of PCL microspheres.

After treatment the CMC gel-carrier is
gradually resorbed by macrophages over
a period of several weeks, during which
the PCL microspheres stimulate neocolla-
genesis to replace the volume of the re-
sorbed carrier. The microspheres are not
phagocytosed because of their size and
surface characteristics. 

The PCL microspheres will trigger a natu-
ral response of the human skin and stim-
ulate a natural wound-healing process
through neocollagenesis, resulting in dep-
osition of collagen around the micros-
pheres. The objective of this study was to
asses the biostimulatory effects of the
PCL microspheres through histological
and immunohistochemical analysis of skin
biopsies after injection with the PCL der-
mal filler in an animal model. 

M E T H O D S

The study was performed at the Central
Animal Facility of Utrecht University (GDL,
Utrecht University, The Netherlands) with
the approval of the animal ethical commit-
tee (DEC, Utrecht University, The Nether-
lands). Histological staining and analysis
was performed at the Department of
Pathobiology, Faculty of Veterinary Medi-
cine, Utrecht University, The Netherlands.
The study was performed according to the
ISO 10993 standard, Biological Evaluation
of Medical devices, Part 6 (2007): Test for
Local Tolerance Effect after Implantation.

Dermal filler

Two different versions of the PCL dermal
filler versions were used for injection; PCL-
1 and PCL-2 (AQTIS Medical, Utrecht, The
Netherlands). The PCL dermal filler is com-
posed of PCL microspheres (25-50 µm) ho-
mogenous suspended in an aqueous CMC
gel-carrier. The only distinguishing charac-
teristic of these two versions is the initial
average length of the individual PCL poly-
mer chains, which directly correlates with
the time of bioresorption. 

Animals

Two rabbits (New Zealand White) were intra-
dermally injected lateral to the spinal col-
umn with a bolus injection of 0.1-0.2ml of
the PCL dermal filler (see figure 2).
Nine and twenty-one months post-injection
the rabbits were euthanized by intravenous
injection of sodium pentobarbital. Each of

FIGURE 2. Photograph of the rabbit after injection of
PCL dermal filler administered as a bolus.
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the injection areas was sampled for histo-
logical analysis and preserved in 10% neu-
tral buffered formalin. 

Histological staining

Slides were routinely Hematoxylin and
Eosin (HE) stained and picro-sirius red
(PSR) coloured. The PSR method is a selec-
tive histochemical procedure for collagen
detection in paraffin-embedded tissue and
was used as a specific staining for collagen
Type I and Type III21,22. This dye is known to
enhance the birefringence of collagen
fibers. The PSR bind to collagen and then
exhibit a bright refractile appearance when
transilluminated with a plane polarized light
and viewed using crossed polarizer. Non-
polarized PSR is specific for collagen,
which stains red. When polarized, large col-
lagen fibers such as Type I, color yellow to
orange birefringence, whereas smaller col-
lagen fibers such as Type III reveal green
birefringence. 

RESULTS

Nine months post-injection
Figure 3 shows the photomicrograph of the
HE stained histological specimen of the in-
jected tissue 9 months post-injection of
PCL-1. The photomicrograph shows mature
dermal collagen without any traces of the
CMC gel carrier or PCL microspheres, indi-
cating that the gel carrier and the PCL mi-
crospheres are bioresorbed and cleared
from the injection site. An overview pho-
tomicrograph with non-polarized light of the

tissue 9 months post-injection of PCL-2 is
shown in figure 4. The red color staining
confirms the formation of new collagen
around the PCL microspheres resulting in a
collagen scaffold anchoring the PCL mi-

FIGURE 3. Photomicrograph of HE stained tissue spe-
cimen 9 months post-injection of PCL-1, showing hair
follicles at the top, mature dermal collagen in the mid-
dle, and muscle tissue at the bottom of the picture.

FIGURE 4. Photomicrograph of PSR-stained tissue 9
months post-injection of PCL-2 using non-polarized
light. A homogenous distribution of the PCL micro-
spheres and their fixation in the collagen scaffold is vi-
sible (asterisk). 
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crospheres. The PCL microspheres are still
homogenously distributed and no migration
or encapsulation was found around the im-
plant. 
Figure 5 shows a more detailed image of the

same injection tissue. Nine months post-in-
jection, the microspheres of PCL-2 are still
spherical shaped and intact at this stage of
the resorption process. The photomicro-
graph of the non-polarized PSR-stained his-
tological specimen confirmed collagen
deposition (figure 5a). Polarized PSR stain-
ing (figure 5b) revealed the presence of both
orange-red and green birefringence, docu-
menting deposition of both Type I and Type
III collagen fibers, confirming neocollagen-
esis. 

Twenty-one months post-injection 

In figure 6 an overview photomicrograph of
the tissue 21 months post-injection with
PCL-2 of the product is shown, with (a) non-
polarized light and (b) polarized light. The
microspheres of PCL-2 are still present and
embedded in a collagen scaffold. Polarized
PSR staining (figure 6b) shows the presence
of orange-red birefringent revealing the
presence of collagen Type I fibers. 
The more detailed photomicrograph of the
same tissue area is shown in figure 7 with
(a) non-polarized light and (b) polarized
light. The clear orange-red birefringent
staining (figure 7b) is visible, indicating the
presence of primarily large collagen fibers
Type I, indicating that, as expected, over
time the amount of Type III collagen de-
clines and is replaced by the more rigid and
larger Type I collagen fibers. 

C O N C L U S I O N

The data presented demonstrates the bio-

FIGURE 5a. Photomicrograph PSR-stained tissue 9
months post-injection with PCL-2 using non-polarized
light. The figure demonstrates the newly formed colla-
gen scaffold.

FIGURE 5b. Photomicrograph of PSR-stained tissue 9
months post-injection with PCL-2 using polarized light.
The figure shows a typical orange-red and green bire-
fringence, with red (arrows) collagen Type I and green
(arrowheads) collagen Type III.



FIGURE 6a. Photomicrograph PSR-stained histologic
specimen 21 months post-injection of PCL-2 using
non-polarized light. The red staining confirms the for-
mation of collagen. 
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compatibility and bioresorption of the PCL
dermal filler. By histological analysis it is
shown that the PCL microspheres of both
versions of the product induce the forma-
tion of new collagen. Due to the smooth-
ness and spherical-shape of the PCL
microparticles a scaffold of new collagen

is formed. 

Nine months post-injection the PCL micros-
pheres of PCL-1 were totally bioresorbed.
This is in line with the clinical study after
treatment of the nasolabial folds, where the
clinical efficacy seems to decrease at 12

FIGURE 6b. Photomicrograph PSR-stained histologic
specimen 21 months post-injection of PCL-2 using po-
larized light. The red staining indicates the presence of
collagen Type I fibers. 

FIGURE 7a. A more detailed photomicrograph PSR-
stained histologic specimen 21 months post-injection
of PCL-2 using non-polarized light. The red staining
confirms the presence of collagen.

FIGURE 7b. A more detailed photomicrograph PSR-
stained histologic specimen 21 months post-injection
of PCL-2 using polarized light. The red staining indica-
tes the presence of collagen Type I fibers. 
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months7,23. 
The PCL microspheres of the PCL-2 are still
present 9 months post-injection. The mi-
crospheres are still spherical in shape and
are homogenous distributed in the tissue,
without evidence of migration or encapsu-
lation. 

The PCL microspheres of  the PCL-2 are
still present 21 months post-injection. The
PCL microspheres are embedded in a col-
lagen scaffold of primarily collagen fibers
Type I.  The collagen Type III was replaced
by the larger Type I collagen, in line with the
normal physiological wound-healing
process. 

The limitation of this pilot study is the small
number of animals used, and the use of a
non-human model. Regardless of the small
size of the study, the data shows a strong
and long-term presence of collagen and the
replacement of Type III by Type I, similarly
observed in wound healing. More studies
are needed to determine if this neocollage-
nesis process occurs in humans, after injec-
tion with the PCL dermal filler. 

R E F E R E N C E S

1. Kurkjian TJ, Kenkel JM, Sykes JM, et al: Im-
pact of the current economy on facial aesthetic
surgery. Aesthetic Surg J 2011; 31(7): 770-774.

2. Marmur ES, Phelps R, Goldberg DJ. Clinical,
histological and electron microscopic findings
after injection of a calcium hydroxylapatite
filler. J Cosmet Laser Ther 2004; 6(4): 223-226

3. Berlin A, Hussain M, Goldberg DJ. Calcium hy-
droxylapatite filler for the rejuvenation; a histo-
logic, and immunohistochemical analysis.
Dermatol Surg 2008; 34(S1): S64-S67

4. Coleman KM, Voigts R, DeVore DP, Termin P,
Coleman WP, Neocollagenesis after injection
of calcium hydroxylapatite composition in a
canine model. Dermatol. Surg., 2008, 34, S53-
S55

5. Mays PK, Bishop JE, Laurent GJ. Age-related
changes in the proportion of types I and III col-
lagen. Mech Aging Dev 1988; 45: 203-212

6. Deodhar AK, Rana RE. Surgical physiology of
wound healing; a review. J Postgrad Med
1997; 43(2): 52-56

7. Gritzalas K. Preliminary results in using a new
dermal filler based on poly-caprolactone. Eur
J Aesth Medicine Dermatology 2011; 1: 22-26

8. Middelton JC, Tipton AJ. Synthetic biodegrad-
able polymers as orthopedic devices. Biomat
2000; 21: 2335-2346

9. Gunatillake PA, Adhikari R. Biodegradable syn-
thetic polymers for tissue engnineering. Eur
Cell Mater 2003; 5: 1-16

10. Hutmacher D, H�rzeler MB, Schliephake H. A
review of material properties of biodegradable
and bioresorbable polymers and devices for
GTR and GBR applications. Int J Oral Maxillo-
fac Implants 1996; 11: 667-678

11. Sinha VR, Bansal K, Kaushik R, et al. Poly-�-
caprlactone microspheres and nanospheres:
an overview. Int J Pharm 2004; 278: 1-23

12. Turaev AS. Dependence of the biodegradabil-
ity of carboxymethylcellulose on its supermol-
ecular structure and molecular parameters.
Chem of Nat Comp 1995; 31(2): 254-259

13. Falcone SJ, Doerfler AM, Berg RA. Novel syn-
thetic dermal fillers based on sodium car-
boxymethylcellulose: Comparison with
crosslinked hyaluronic acid-based dermal
fillers. Dermatol Surg 2007; 33(S2): S136-S143

14. Pitt CG, Chasalow FI, Hibionada DM, Klimas
DM, et al. Aliphatic polyesters I The degrada-
tion of poly (�-caprolactone) in vivo. J Appl
Polym Sci 1981; 26: 3779-3787

15. Pitt CG. Poly (�-caprolactone) and its copoly-
mers. In: Chassin M, Langer R, editors.
Biodegradable polymers as drug delivery sys-
tems. New York: Dekker: 1990. p. 71-119

16. Taylor MS, Daniels AU, Andriano KP, Heller J.
Six biodegradable polymers: in vitro acute tox-
icity of accumulated degradation products. J
Appl Biomat 1994; 5: 151-157



The European Journal of Aesthetic Medicine and Dermatology p. J Nicolau, J. Marijnissen-Hofsté

26

17. Ma G, Song C, Sun H, Yang J, Leng X. A
biodegradable levonorgestrel-releasing im-
plant made of PCL/F68 compound as tested
in rats and dogs. Contracept 2006; 74: 141-147

18. Sun H, Mei L, Song C, Cui X, Wang P. The in
vivo degradation, absorption and excretion of
PCL-based implant. Biomaterials 2006; 27:
1735-1740

19. Morhenn VB, Lemperle G, Gallo RL. Phagocy-
tosis of different particulate dermal filler sub-
stances by human macrophages and skin
cells. Dermatol Surg 2002; 28(6): 484-490.

20. Laeschke K. Biocompatibility of microparticles
into soft tissue fillers. Semin Cutan Med Surg

2004; 23: 214-217
21. Montes GS. Structural biology of the fibres of

the collagenous and elastic systems. Cell Biol
Internat 1996; 20(1) :15-27

22. Borges LF, Gutierrez PS, Marana HRC, Taboga
SR. Picrosirius-polarization staining method as
an efficient histopathological tool for col-
lagenolysis detection in vesical prolapse le-
sions. Micron 2007; 38: 580-583

23. Moers-Carpi MM, Sherwood S, Polycaprolac-
tone for the correction of nasolabial folds: A
24-month, prospective, randomized, con-
trolled clinical trial. Accepted for publication
Dermatol Surg 2012




