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ABSTRACT

RESUMO

Compósito de hidroxiapatita sintética 30%, em dois estados físicos,
como preenchedor de relevo cutâneo

Objetivou-se avaliar a resposta tecidual, após implantação de hidroxiapatita sintética 30% (HAP-91®), em dois
estados físicos, para preenchimento cutâneo. Foram utilizados 18 coelhos da raça Nova Zelândia, distribuídos aleato-
riamente em dois grupos (HAP-91® fluida e viscosa) e, posteriormente, divididos em três subgrupos, de acordo com o
período pós-implante, em oito, 21 e 49 dias. Em cada grupo foi implantado 1,0 mL de HAP-91®, fluida ou viscosa, no
tecido subcutâneo, 1 cm cranial à crista da escápula direita. Foi realizada a mensuração da espessura cutânea, imedia-
tamente antes e durante 15 dias após a implantação do compósito. Avaliações de sensibilidade dolorosa foram realiza-
das, atribuindo-se os escores: 0 - quando o animal permitiu o toque e não manifestou reação; 1 - quando permitiu o
toque, mas manifestou reação de dor, como aumento da frequência respiratória ou tentativa de fuga; 2 - quando não
permitiu o toque. Aos oito, 21 e 49 dias, foi realizada a biópsia da região implantada. Não foi observada diferença entre
a espessura cutânea dos animais (p > 0,05) e todos os animais receberam escore 0 para sensibilidade dolorosa. Na
análise histológica, não foi notado processo inflamatório evidente. Houve predomínio de células mononucleares, nas
amostras de oito dias, e uma organização tecidual ao redor do biomaterial, com tendência ao encapsulamento. A HAP-
91®, tanto fluida quanto viscosa, é biocompatível e indicada para o preenchimento cutâneo.
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Composite synthetic hydroxyapatite 30%, in two physical states,
as dermal filler

The aim of this study was to evaluate the response to the implantation of synthetic hydroxyapatite 30% (HAP-91®)
in different physical states as dermal filler. Eighteen New Zealand rabbits were used, distributed randomly into two
equal groups and then divided into three groups according to the postoperative period at 8, 21 and 49 days. One mL of
HAP-91®, fluid and viscous, was implanted in the subcutaneous tissue, 1 cm proximal to the cranial crest of the right
scapula. The thickness of the skin was measured before and after implantation and for the following 15 days. Pain
sensitivity assessment was conducted, assigning the following scores: 0 - when the animal allowed the touch of the
implant area and expressed no signs of pain; 1 - when the animal allowed the touch, but pain reaction occurred, like
increase of the respiratory rate or attempt to escape; 2 - when the animal did not allow the touch to the implanted area.
At 8, 21 and 49 days, biopsy of the implanted area was performed. No difference was observed between the thickness
of the skin (p>0.05) and all animals received a score 0 for soreness. Histological analysis did not reveal any obvious
inflammatory process, showing a predominance of mononuclear cells in samples of eight days and tissue organization
around the biomaterial with a tendency to encapsulation. The results indicate that HAP-91®, both viscous and fluid, is
biocompatible and suitable for dermal filling.
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INTRODUCTION

There is, with aging, a reduction of endocrine
secretions and narrowing of skin arterioles, affecting the
metabolism of collagen, elastin and subcutaneous fat,
which causes reduction in the thickness of the skin and
results in loss of elasticity. As a result of the continuous
movement of the face and the continuation of the process
of aging, temporary wrinkles and contour alterations may
become permanent (Dayan & Bassichis, 2008; Hamilton,
2009; Redborn et al., 2011; Flynn et al., 2012; Narins et al.,
2012).

Currently, the treatment of the signs associated with
facial aging consists in restoring the volume and contour
of the face and not just to pull the tissues, as in the past
(Dayan & Bassichis, 2008; Vargas et al., 2009). The
correction of the effects of facial aging should be directed
primarily to the correction of volume as, without it, the
patient continues with an aged appearance. Skin fillers
have become popular for this purpose because are
minimally invasive and durable, showing no potential
comorbidities as a surgical procedure (Smith et al., 2007;
Dayan & Bassichis, 2008; Vargas et al., 2009; Sundaram et
al., 2010; Sturm et al., 2011).

The rheological properties of a dermal filler, such as
viscosity and elasticity, have clinical relevance because it
relates to the passage of the material through the needle,
the rigidity of the filler and the ability to resist deformation
as it is injected. After implantation, these properties
influence the manner in which the biomaterial will resist
tension forces inherent to the site in which it was deployed,
for example, facial movements. When deployed in the face,
the greater elasticity of the biomaterial, the better is its
resistance to skin tension forces (Sundaram et al., 2010).

A number of products are approved for use in
procedures for aesthetic or repairer purposes  due to trau-
ma, congenital deformities and breast cancer (Sánchez et
al., 2012). Autologous fat, bovine collagen, hyaluronic
acid, polymethylmethacrylate (PMMA) and
hydroxyapatite (HA) are some examples (Smith et al., 2007;
Vargas et al., 2009). Compound materials of autologous
fat, collagen or cartilage are reabsorbed, requiring new
applications in a short period of time, so the search for
more durable products is necessary (Morhenn et al., 2002).

The HA has the main clinical indication for filling bone
defects (Borges et al., 2000; Brandão et al., 2002;
Ajdukovic et al., 2005; Scarano et al., 2006; Vital et al.,
2006; Carlo Reis et al., 2011); however, its use as dermal
filler is already being practiced. Its initial indication for
this purpose is the assistance in the treatment of
lipoatrophy associated with infection by human
immunodeficiency virus (HIV) (Berlin et al., 2006; Alam &
Yoo, 2007; Feeney et al., 2009; Hornberger et al., 2009;
Alam et al., 2011).

The aim of this study is to investigate the clinical and
histological response to the use of 30% synthetic
hydroxyapatite (HAP-91®), liquid and viscous, as dermal
filler.

MATERIALS AND METHODS

The methodology of this study was approved by the
Ethics Committee on Animal Use, of Universidade Fede-
ral de Viçosa, under the protocol 15/2012.

Eighteen New Zealand rabbits, seven months of age,
weighing between 3 and 5 kg, from the Department of
Animal Science of the Universidade Federal de Viçosa
were used in the experiment. The animals were separated
randomly into two groups of equal sizes. The rabbits of
both groups were implanted subcutaneously HAP-91®:
group 1 in the liquid form and group 2 in the viscous form.
The material is composed of hydroxyapatite, water and
carboxymethylcellulose, being the main difference
between the two composites the proportion of
carboxymethylcellulose, which is kept secret by the patent
process in progress.

The animals were sedated with acepromazine (0.1 mg/
Kg IM - Acepran® 0,2%) and underwent shaving of the
neck and part of the right hemithorax. The region chosen
for implantation was the subcutaneous tissue, 1 cm
proximal to the cranial crest of the right scapula. Both
products were applied, using a 3 mL syringe and a 40x8
gauge needle for the liquid form and a 40x12 gauge needle
for the viscous form. The rabbits of group 1 received 1 ml
of HAP-91® in the fluid physical state, while the group 2
received 1 mL of HAP-91® in the viscous physical state.
Prior to product application, skin thickness was measured
with a steel mechanical caliper with scale reading of 150
mm and 0.01 mm.

Daily physical examination to verify the soreness and
skin thickness were conducted for 15 days by the same
evaluator. The soreness was analyzed by the animal’s
reaction to touch to the region in which the biomaterial
was implanted, assigning scores: 0 - when allowed the
touch and the animal did not expressed reaction, 1 - when
the touch was enabled but expressed reactions of pain,
such as increased respiratory rate or attempted escape; 2
- if not allowed to touch.

For biopsies, the animals were sedated with the same
protocol used previously and anesthetized with a
combination of tiletamine with zolazepam (30 mg/Kg IM -
Zoletil® 50). After 8, 21 and 49 days post-implant, with the
aid of a scalpel, the skin, the subcutaneous tissue and the
implant was removed for histological evaluation.

The collected fragments were fixed in 10% formalin
and subjected to routine histological processing being
dehydrated in increasing alcohol solutions, diaphanous
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in xylene and embedded in paraffin. Sections of 7ìm were
obtained from each sample and stained with hematoxylin
and eosin.

On histological analysis, the reaction of the dermis
was assessed semi-quantitatively, assigning scores from
one to three or zero, according to the intensity or absence
of the evaluated parameters, respectively. Thus, it was
obtained the variations of polymorphonuclear,
lymphocytic and histiocytic infiltrates as well as the
presence of hyperemia and necrosis. Additionally, we
performed a descriptive analysis of the tissue reaction to
the biomaterial, verifying the type of tissue infiltrates
between the particles, the presence of vascularization,
capsule formation and level of material degradation.

The data obtained in the evaluation of pain sensitivity
were tested using the Mann-Whitney test and skin
thickness was evaluated by ANOVA. The
histomorphometric data were analyzed using the
nonparametric Kruskal-Wallis test followed by Dunn’s test
when the p value was significantly different in the first
analysis. For all tests, we considered the significance of
5%. BioStat 5.0 and SigmaPlot 11.0 were used for statistical
analysis.

RESULTS AND DISCUSSION

During the studied period, all animals received score 0
in the evaluation of pain sensitivity, both for fluid and
viscous HAP-91®, indicating that it was a slightly painful
medical procedure. This result was observed during the
implantation of the product, since the animals tolerated
the procedure with only a light tranquilization provided
by acepromazine. A similar result, in dogs, was reported
by Carlo et al. (2007) following implantation of HAP-91®

and bioglass particles in the subcutaneous tissue and by
Marmur et al. (2010) in a study on the occurrence of pain
after HA implantation for the correction of nasolabial
defects in humans.

The occurrence of pain is one of the possible
complications associated with the use of HA as a dermal
filler (Vargas et al., 2009); however, with the use in humans,
the pain is more related to physical factors such as the
size of needle used and speed of deployment than with
adverse reactions of the product (Alam et al., 2011).

During implantation of  viscous HAP-91® , it was used
a caliber needle, in view of the difficulty of injecting the
material at the proposed site, which is consistent with the
rheological properties cited by Sundaram et al. (2010).
Nevertheless, no difference was observed in the behavior
of animals during implantation and no difference in the
clinical analysis, being the property of the biomaterial at
the predetermined times of no relevance for the dermal
filling.

During the 15 days of observation, there was no
difference in skin thickness of the animals before and
after implantation of the material (p > 0.05) (Figure 1). In
all animals, there was formation of a small palpable nodule
in the subcutaneous tissue, which remained unchanged
over the period, as reported by Carlo et al. (2007) for
granules of HA. Alam et al. (2011) showed the
permanence of the implant for up to 15 months and Vargas
et al. (2009) described a period from 9 to 18 months,
featuring the HA implant as semipermanent. Although
Vargas et al. (2009) assert that the HA has a smooth
surface and therefore it is encapsulated with fibrous
tissue, escaping phagocytosis, the HA used is porous,
presenting micro and nanopores, facilitating the
interaction between tissues and decreasing the
possibility of migration of the implant (Carlo Reis et al.,
2012). Semipermanent implants require new sessions of
application of the product after its absorption, however,
are they superior to permanent implants for not having
intense foreign body reaction. Nevertheless, until the
mechanisms of granuloma formation are fully
understood, it is not possible to predict its late formation
(Alam & Yoo, 2007; Vargas et al., 2009; Alam et al., 2011).

The histological analysis showed that the biomaterial
could be identified as a heterogeneous mass, acellular,
well-defined, predominantly basophilic, but with obvious
gray elements, which showed no affinity for any of the
two dyes used, being denser in the group with fluid HAP-
91®. This may be linked with the presence of
carboxymethylcellulose.

There was no statistical difference between the groups
and the samples also showed no significant inflammation
and no evidence of necrosis.

In one sample of the group with fluid HAP-91®, which
was collected at 49 days, there was bleeding, especially in
the space between the capsule and cell proliferation

Figure 1.  Mean and standard deviation of the skin thickness in
millimeters (mm) immediately before (day 0) and on days 1, 5,
10 and 15 after implantation of HAP-91® on two physical states
in the evaluation of its effect as a dermal filler.
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through the area that the biomaterial was deposited. The
bleeding may have been caused by the rupture of newly
formed vessels in a process of neovascularization or
caused by the collection of the material. There was no
bleeding in the dermis, but hyperemia, however, the values
were shown to be variable and showed no statistical
difference (p = 0.201).

Only one animal of the group with fluid HAP-91® at 8
days showed intense infiltration of polymorphonuclear
cells in the dermis, however, there was no difference
between groups (p = 0.502) indicating that it is probably
an individual reaction. Lymphocytic infiltrate was also
observed in the dermis of two samples of this group, yet
there was no statistical difference between the groups (p
= 0.098). Just one sample of the group with viscous HAP-
91®, collected at 49 days, showed nodular lymphocytic
inflammatory infiltrate, and this finding was probable an
individual response.

The Kruskal-Wallis test revealed a significant
difference for the histiocytic infiltrate (p = 0.020) between
groups, and although the Dunn´s test failed to identify in
which pairs is the difference, it is clear that the infiltrate
was intense in the dermis of samples taken at eight days.
These groups had a median value to 3, while all others
showed 0. This may be due to trauma associated with the
implantation of the composite and/or minor abrasions
resulting from shaving carried out on the site, since the
values   median decrease with respect to time, with value
0 in samples 49 days post-implantation.

In samples with eight days after implantation, cell
invasion can be observed in and through the composite
forming an interaction interface between the composite
and adjacent tissue (Figure 2);  however, the organization
of the connective tissue around the composite was still
disordered, scattered and absent in some areas. This
interface, comprising portions of the biomaterial isolated
by cellular organization, grew thicker with time.

Also at eight days, it was observed the presence of
eosinophil infiltration in a sample while the blood vessels
in the surrounding tissue reaction did not show prominent
exudative inflammatory vascular events. Escobar &
Jaramillo (2009) described eosinophilic infiltration as part
of the initial inflammatory process in response to the
presence of the biomaterial in a study on the preparation
of a folder bone of HA. It is known that eosinophil infiltrate
reactions are associated with type I hypersensitivity
mediated by IgE and is characterized clinically by
erythema, swelling, itching and/or heat (Averbeck et al.,
2007). Kari et al. (2010) stated that eosinophils and mast
cells play an important role in allergic processes, however,
they also have pro-inflammatory properties. Since none
of the animals showed clinical signs of allergic process
and were not observed histological signs of vasculitis or

exudative cases, it is possible that the infiltration is part
of the normal inflammatory response to the implant in the
subcutaneous tissue of the composite.

In samples with 21 days after implantation, it was noted
the presence of giant cells, blood vessels and connective
tissue proliferation with collagen deposition (Figures 3A
e B). These observations are also valid for the samples
collected at 49 days post-implantation, but cell
proliferation was more evident at this time (Figures 4A
and B). The formation of a connective tissue capsule was
progressive between sampling dates and was more intense
on the opposite side to the epidermis. The fibrous capsule
formation is related to a number of factors such as the
size, shape and texture of the implant as well as its chemical
properties, porosity, deployment location, and the physical
and chemical stimuli caused by the implant, being an
expected response to the material within the normal range
(Li et al., 1999; Carlo et al., 2007; Qu et al., 2010; Khashaba
et al., 2011). According to Xavier et al. (2002), it is likely
that this capsule prevents the leakage of the biomaterial,
therefore reducing the inflammatory response near the
site of application and thereby reducing the occurrence
of granulomas.

Until the last collection, the presence of the biomaterial
could be verified in histological samples (Figure 4). One
of the goals when using biodegradable materials is to
replace the material used by the body’s own cells, over
time (O’Brien, 2011). Xie et al. (2012) commented that the
biodegradability, at controlled levels, is an important
characteristic related to biomaterials, especially with those
implanted in bone tissue, because there must be
degradation of the biomaterial as  the new tissue is formed.

Materials used for permanent skin filling are often
required for a new application, since the skin structures
still suffer the effects of gravity and the aging process
and the overlap of another filler may increase under the
skin in an unaesthetic way causing an unnatural result.

Although it is still possible to note the presence of
the composite at 49 days, decrease of its presence in the
implanted area, displayed by portions of the composite
getting smaller, indicate that HAP-91® has advantageous
features of biodegradability for dermal filling.

These results indicated a predominance of
mononuclear cells in samples from eight days and tissue
organization around the biomaterial with tendency for
encapsulation with ever-smaller portions of HAP-91®,  as
well as fibrous capsule formation and mild inflammatory
reaction, being observed in samples from 21 and 49 days,
as reported by Li et al. (1999), Xavier et al. (2002), Berlin et
al. (2006), Carlo et al. (2007), Dayan & Bassichis (2008),
Vogt et al. (2008), Jones (2009), Qu et al. (2010) and
Khashaba et al. (2011).
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These findings indicate that HA is not inert, as also
reported by Sánchez et al. (2012), and, at first, cause an
inflammatory reaction, which is characterized by diffuse
infiltration of mononuclear and polymorphonuclear cells.
It was also observed a trend toward cellular and tissue
organization around the biomaterial with the time, with a
view to the progressive formation of a fibrous capsule.
There is no evidence of intense foreign body reaction
related to the presence of the composite, as well as
evidence of necrosis and toxicity. According to Williams
(2008), biocompatibility refers to the characteristic of a
material that, when in contact with any living tissue,
causing an expected, non-toxic reaction, with no damage
to the host and with preservation of the function of both
the material and the tissue. Qu et al. (2010) reported that
the biocompatibility evaluation should be performed in

at least three stages: acute, one week after implantation
of the biomaterial; transient, after one month of
implantation and chronic, after eight weeks of
implantation. In this study, the maximum histological
observation was carried out at seven weeks and no signs
of necrosis, toxicity, suppuration or rejection of the
implant was observed. However, for evaluating the
effectiveness of HAP-91® on skin filling, a longer period
of observation is required since the HA is considered a
semi-permanent implant, and it was reported that the
residence period in the tissue is up to 18 months (Vargas
et al., 2009; Alam et al., 2011). It is expected that even
with a longer observation time, HAP-91® shows no signs
that impede its use as a dermal filler.

CONCLUSIONS

The HAP-91®, both viscous and fluid, is well tolerable
for subcutaneous implantation, as it causes little painful
reaction. Compared with the viscous HAP-91®, the fluid
HAP-91® is easier for implantation. The HAP-91® has no
histologically signs of toxicity, promoting discrete initial
inflammatory response to their presence, with a tendency
to encapsulation. HAP-91® is biodegradable and
biocompatible. However, as it is a semi-permanent implant,
a longer period of evaluation may be needed.
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