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Orthopedic implant of a polyhydroxybutyrate (PHB)
and hydroxyapatite composite in cats
Endrigo Gabellini Leonel Alves DVM, MS
1, Cleuza Maria de Faria Rezende DVM, PhD

1*,
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The purpose of this study was to evaluate the tissue response to a 70%
polyhydroxybutyrate and 30% hydroxyapatite composite in the form of a bone
implant, placed intracortically in the distal metaphyseal of the right femur, and
subcutaneous implants in cats. Samples of the composite were implanted
subcutaneously in the dorsolumbar region and the distal metaphyseal region of
the right femur of the animals. The study used 12 neutered adult mixed breed
cats, weighing an average of 3.5 kg. The cats were randomly divided into three
groups: GI, GII and GIII, according to the length of the assessment period. The
assessments of their subcutaneous and bone tissues were performed at 15, 30
and 45 days and at 30, 60 and 90 days, respectively. The subcutaneous and bone
reactions to the composites were characterized by granulomatous inflammation
with a predominance of macrophages and giant cells. The results showed that
the composites triggered a chronic local inflammatory response, despite their
clinical acceptance.
Date accepted: 7 March 2011 � 2011 ISFM and AAFP. Published by Elsevier Ltd. All rights reserved.
T
he population of domestic cats has grown in
recent years to the point that it has surpassed
the dog population in the United States, China

and many European countries.1 Therefore, it is ex-
pected that there will be an increase in the number
of traumatic injuries, such as long bone fractures,
seen in these animals. Femoral fractures occur with
an average frequency of 20.8%.2 The primary causes
of fractures in cats include car accidents and falls
from heights.3 The technological advances in the field
of biomaterials have promoted the production of re-
sorbable implants, which precludes the need for a sec-
ond procedure to remove the hardware.4,5 The use of
this type of material is important in veterinary medi-
cine when working with animals that should not be
excessively handled, such as some cats, birds and
wild animals. The handling of these animals usually
results in stress and interferes in the recovery process;
thus, it should be kept to a minimum. Furthermore,
the biomaterial should promote the regeneration of
adjacent tissue and cause minimal inflammatory reac-
tion. However, there are only a few biomaterials that
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meet these requirements, and their use is not feasible
due to high cost.4,5 Thus, there is a relentless quest to
find materials that are efficient in regards to both or-
ganic performance and affordability.

The polyhydroxybutyrate/hydroxyapatite (PHB/
HA) composite emerges as an alternative to the pro-
duction of resorbable orthopedic implants.6e10 This
composite has both chemical and mechanical proper-
ties that are favorable for use as bone implants.10 Its
physical, chemical and structural properties are sim-
ilar to the structure and chemical composition of
bone. In addition, it is biodegradable and allows for
the resorption of the polymer over time, and there-
fore, allows healing of the fracture.6,9 The use of
this product in the form of an orthopedic implant
may be advantageous because, in addition to stabili-
zation, there would be a gradual loss of physical re-
sistance, which favors the process of new bone
formation.8,11

The physical and chemical characteristics of the
PHB/HA composite, and the lack of a biological as-
sessment of this product, led to the development of
the present study, which aims to assess 70% PHB
and 30% HA composite implants in cats for future
use in the production of orthopedic implants for
cats, dogs and wild animals.
nd AAFP. Published by Elsevier Ltd. All rights reserved.
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Materials and methods
This study was approved by the Animal Ethics Com-
mittee (CETEA/UFMG) under protocol 125/07.

The implants were produced from plates consisting
of a 70% PHB (Biocycle; PHB Industrial, São Paulo,
Brazil) and 30% HA (HAP-91; JHS Laboratório Quı́-
mico S/A, Minas Gerais, Brazil) composite. The plates
were rectangular, 85 mm long� 10 mm wide� 3 mm
thick, and were produced at the JHS laboratory
(Quı́mico S/A, Minas Gerais, Brazil). The plates were
sterilized with ethylene oxide; they were then analyzed
by X-ray diffraction and scanning electron microscopy
associated with energy-dispersive X-ray spectroscopy,
to assess the structural characteristics of the composite.

With the animals placed in the sternal recumbency
position, the dorsolumbar regionwasprepared for asep-
tic surgery. A cutaneous incision was made parallel to
and about 3.5 cm from the dorsal midline from the third
to fifth lumbar vertebrae. The subcutaneous tissue was
dissectedwith a hemostat, and a 10� 10 mmplate frag-
ment was implanted. The skin was then sutured closed
with 4/0 nylon (Mononylon; Ethicon, São Paulo, Brazil).
The same procedurewas performed on the contralateral
side. After aseptic preparation of the right hindlimb, the
femur11 was accessed to expose the distal metaphyseal
region. The periosteum was sectioned longitudinally
and itsmarginswere separated.An aperturewas drilled
with a 4 mmdrill bit using a pneumatic drill (Pneumatic
drill; 3M, Brazil) with a controllable speed and constant
irrigation with saline solution. A manual trephine with
a 4 mm internal diameterwasused to remove a cylindri-
cal piece of the composite plate, which was introduced
into the bone aperture using finger pressure to level
the implant with the bone surface. The periosteum
was repositioned over the implantedmaterial, the fascia
lata was sutured with simple interrupted sutures and
the elimination of dead space was performed with
simple continuous sutures; 3/0 absorbable sutures
(Polyglycolic acid; Brasuture IndústriaComércio Impor-
tação e Exportação, Brazil) were used for both. Skin su-
tureswereplacedwith 4/0nylon (Mononylon; Ethicon).
After the surgery, the animals were randomly divided
into three groups (GI, GII and GIII), with four animals
in each group for clinical, radiographic and histological
assessment. During the postoperative period, 0.2 mg/
kg meloxicam (Maxicam; Ouro Fino Saúde Animal,
São Paulo, Brazil) was administered orally every 24 h
for three consecutive days.

The surgical woundwas evaluated daily for the pres-
ence of inflammation. Lameness and pain sensitivity
were also assessed. The distal femur was radiographed
in the craniocaudal and mediolateral positions before
surgery, immediately after and at 30, 60 and 90 days
postoperatively. All 12 animals were evaluated at 30
days, eight animals were evaluated at 60 days and
four at 90 days. In the mediolateral projection, the
implant and the adjacent area were divided into four
quadrants, each representing 25% of the analyzed
area.12 In the craniocaudal projection, the area
corresponding to the implant and the surrounding
areawere also divided into four parts, each representing
25% of the analyzed area.12 The boneeimplant interface
and the degree of radiopacity of the adjacent tissuewere
evaluatedwith the aid of amagnifying lens. For the eval-
uation of the boneeimplant interface, the presence of
radiolucency in any of the quadrants would nullify the
quadrant, allowing the consideration of only the
remaining quadrants for the determination of the bone-
eimplant interface density level.12 The bone density of
the tissue adjacent to the implant was also evaluated.
For this evaluation, the sum of the areas that showed
an increase in radiopacity was considered.12

The histological assessments of biopsy samples of
subcutaneous tissue were performed at 15, 30 and 45
days and for bone tissue were performed at 30, 60
and 90 days, corresponding to groups GI, GII and
GIII, respectively. At the end of each evaluation pe-
riod, the animals were anesthetized again and sub-
jected to a biopsy for removal of the implants and
adjacent tissue. The tissue surrounding the implant
was sectioned and the implants were removed. At
this time, the presence of fluid, its color and texture
were assessed, as well as the appearance of the tissue
adjacent to the implant. When fluid was present, sam-
ples were collected and sent to the laboratory for bac-
terial culture. The samples were inoculated in blood
agar and cultivated according to the protocol sug-
gested by Quinn.13 A bone biopsy was performed us-
ing a trephine drill with an 8 mm internal diameter
connected to a pneumatic drill (Pneumatic Drill; 3M,
Brazil) with a controllable speed and constant
irrigation with saline solution.

The bone defect derived from biopsy was filled
with synthetic hydroxylapatite. All the animals were
clinically and radiographically monitored until full re-
covery and then given up for adoption. In postopera-
tive, meloxicam 0.2 mg/kg was orally administered
each 24 h during three consecutive days. The samples
obtained were fixed in 10% buffered formalin for
15 days, decalcified for 21 days in 10% formic acid
that was buffered with sodium citrate to pH 4.5 and
washed in running water.

The bone implants were removed to facilitate cut-
ting with steel blades. They were then routinely pro-
cessed for paraffin embedding. Sections, each 4 mm
thick that included the tissueeimplant interface area,
were obtained using a microtome and mounted on
glass slides. Two slides were obtained from each
block; they were stained using the hematoxylin and
eosin technique and analyzed by light microscopy.
The degree of tissue reaction was evaluated, taking
into consideration the presence of connective tissue,
inflammatory cells, necrosis and the presence or ab-
sence of bone growth areas at the boneeimplant
interface.

A completely randomized experimental design was
used, and the clinical, surgical, radiographic and his-
tological analyses were evaluated descriptively.



Fig 1. Micrograph obtained by scanning electron micros-
copy from the PHB/HA composite sample.
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Results
Scanning electron microscopy of the composite sam-
ples revealed a relatively uniform distribution of par-
ticles in the polymer matrix, with sizes ranging from 1
to 20 mm (Fig 1). The energy-dispersive X-ray analysis
indicated that the particles consisted of calcium and
phosphorus. The composition of the particles ana-
lyzed by X-ray diffraction characterized them as HA.

The animals adapted well to the catteries and did
not show any clinical complications that could
compromise the results of the study. Ambulation
occurred immediately after recovering from the anes-
thesia without lameness. The postoperative radio-
graphic examinations allowed for the verification of
the degree of bone density at the boneeimplant inter-
face and in the adjacent bone tissue at the different
Fig 2. Radiography of the distal femoral region of cats where i
reduction of radiolucent line around the implant over time a
(A), (B) and (C) correspond to the time of evaluation 30, 60 an
time periods studied. The radiographic images imme-
diately after surgery showed areas of radiolucency
around the implants in eight animals (66.67%) and
in the medullary region adjacent to the implant in
five (41.67%). This radiolucency was reduced at the
subsequent assessment periods, but it remained pres-
ent until the end of the study in three animals from
group GIII (75%) (Fig 2). All subcutaneous implants
were covered by a fine fibrous capsule. After opening
the capsule for the removal of the implants, an odor-
less brownish mucous secretion was observed sur-
rounding the implant. This secretion was observed
in 16 cases (66.67%): four (25%) from group GI (15
days), four (25%) from group GII (30 days) and eight
(50%) from group GIII (45 days). The culture results
of the fluid were negative in all cases. The composite
samples from the subcutaneous tissue showed the
same shape and consistency as prior to implantation.

Microscopic analysis of the capsule and the tissue
adjacent to the implant in the subcutaneous tissue re-
vealed a granulomatous inflammatory response in all
samples. The formation of a vascularized fibrous cap-
sule around the implant and an inflammatory re-
sponse was observed in all cases (Fig 3). Focal areas
of necrosis were observed in the four animals (100%)
from group GI (15 days). Among the collagen fibers
and fibroblasts, there was a mixed inflammatory infil-
trate that was mainly characterized by the presence of
epithelioid macrophages, plasmocytes and lympho-
cytes (Fig 3). The presence of neutrophils was more
evident in animals from group GI. A large number
of macrophages and multinucleated giant cells were
observed in all periods studied, and some had vacu-
oles in their cytoplasm containing a birefringent amor-
phous substance that was similar in appearance to the
composite material.
t was implanted 70% PHB and a 30% HA composite. Note the
ssessment (red arrow). The images identified by the letters
d 90 days, respectively.



Fig 3. Micrograph of the subcutaneouseimplant interface 45 days after experimental surgery for the implantation of a 70%
PHB and a 30%HA composite in the subcutaneous tissue of cats. (A) Skin (yellow dotted line), subcutaneous tissue and fibrous
capsule over the implant (blue dotted line). (B) Fibrous capsule in greater detail, showing the biomaterial (birefringent appear-
ance) inside a giant cell (blue arrow), the green arrow points to a vessel. (C) Fibrous capsule with intense neovascularization
(green arrows) and multinucleated giant cells (red arrow).
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Macroscopic evaluation of the bone showed the im-
plants firmly adhered and covered by the periosteum.
None of the animals that were subjected to biopsy at
30, 60 and 90 days showed macroscopic signs of deg-
radation of the implant, such as changes in shape,
consistency or texture. Two animals (50%) from group
GIII (90 days) had implants covered by a thin layer of
dense whitish tissue, which was microscopically char-
acterized as fibrous connective tissue.
Histological evaluation enabled the analysis and
characterization of the different cell types at the
boneeimplant interface. There was a similar tissue
response for all of the evaluated groups (GI, GII
and GIII). The boneeimplant interface consisted of fi-
brous connective tissue in all bone samples, and
there was a mononuclear inflammatory infiltrate, of
mild to moderate intensity, mainly characterized by
the presence of macrophages, lymphocytes and



Fig 4. Micrograph of the boneeimplant interface in the dis-
tal femoral metaphysis of cats. (A) Biomaterial (birefringent
appearance) surrounded by connective tissue (blue dotted
line) and by bone tissue (assessment at 60 days). (B) Fibrous
capsule in greater detail showing the inflammatory infiltrate
mainly composed of macrophages (blue arrows) and multi-
nucleated giant cells (yellow arrows). The red arrow points
to biomaterial (birefringent appearance) inside a giant cell
and the black arrow indicates a fibroblast (assessment at
60 days). (C) Focal area of bone necrosis close to the area of im-
plantation of biomaterial (red arrows) (assessment at 90 days).
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multinucleated giant cells around the implant at all
of the assessment times (Fig 4). Focal areas of bone
necrosis were observed in the tissue adjacent to the
implant. There was no new bone formation at the
areas in direct contact with the composite. The pres-
ence of macrophages and multinucleated giant cells
with a cytoplasm full of vacuoles and containing
a birefringent amorphous substance similar to the
composite was evident in all of the groups studied.
Discussion
One of the ways to evaluate PHB/HA composites as
a biomaterial is to observe the response when they
are implanted into tissue. This information is essential
when the clinical use of a material is predicted.14 The
distal third of the femurwas elected as an experimental
model in this study due to its osteogenic properties12,14

and its anatomical conformation, which provides easy
surgical access and, because it is the widest region of
the femur, enables the placement and extraction of an
8 mm diameter boneeimplant section with minimal
weakening of the bone. The lumbar region of the spine
is an area easily accessed and favors minimal tissue in-
jury,15 which leads to minimal formation of fibrous tis-
sue in the implant area, thus decreasing the risk of
a reaction stemming from the surgical trauma.

The negative result of the tissue and fluid cultures
suggests that the observed response is an aseptic inflam-
matory reaction. The surgical intervention and presence
of an implant are, in themselves, an assault on the body
and induce an inflammatory response, which is neces-
sary for tissue repair. The microstructural and topo-
graphic composition of the surface of the biomaterial
also influences the biological response.14,16

As in this study, the formation of a fibrous capsule and
the presence of a macrophage infiltrate with giant cells
have also been reported at 45 days after subcutaneous
implantation of a PHB/HA composite in rats.9 The re-
sorption of only PHB was reported at 30 days after im-
plantation in the subcutaneous tissue of rats, with
a reduction of 9.47% in the mass of the implant.17 In
this study, signs of resorption, such as macrophages
and multinucleated giant cells containing vacuoles
with birefringent substances, were observed after 15
days of implantation, and the subcutaneous tissue re-
sponse may have been enhanced by the movement in
the area14 because it was observed in all study groups.
The tendency for the inflammatory infiltrate to decrease
and replacement by a predominance of mononucleated
cells suggest a chronicity to the inflammatory process
over time.17 No new bone formation in areas adjacent
to subcutaneous implants has been reported in rats9 or
rabbits.6

Radiolucent areas located in the medullary region
adjacent to the implants were attributed to the re-
moval of bone marrow fragments when the defect
was created, as has been reported in other studies.12,15

However, the radiolucent areas observed at 30, 60 and
90 days could be associated with the presence of con-
nective tissue in the boneeimplant interface.

The focal areas of bone necrosis observed surround-
ing the implant in this study are probably associated
with granulomatous inflammation (Fig 3). Neverthe-
less, the drilling of the orifice may heat the drill bit
and consequently heat the bone, which may lead to
cell death. Other studies performed in rabbits on
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materials with a similar composition showed an os-
teoconductive effect of the composite with the forma-
tion of lamellar bone on the boneeimplant interface.6,8

The bone response to both components of the PHB/
HA composite has been studied, but the results are
still controversial.4,18e20 Some studies report an osteo-
conductive effect of HA with colonization of its sur-
face by osteoblasts and growth of lamellar bone.4,20

However, there are other studies that report negative
effects of HA, such as an exacerbated inflammatory
response18 or even implant rejection.19 It is believed
that the biological efficiency of HA is associated
with several factors such as its origin, purity and im-
plant design.14 The response seen in this study could
be due to the low amount of HA, the osteoconductive
component of the composite.20 PHB, the other compo-
nent of the composite used in this study, is a polymer
known to be biocompatible, resorbable, and known
for its mechanical properties that are favorable for
the production of orthopedic implants,17 especially
when reinforced with HA.6e9 However, PHB
stimulates a chronic inflammatory response for
periods exceeding 12 months, generally producing
encapsulation and gradual resorption of the
implant,5,6,17 which justifies the results found in this
study. The purpose of using this material in this study
was for slow resorption, which is why it has a high
density.

The presence of macrophages and giant cells with
a cytoplasm full of vacuoles containing a birefringent
amorphous substance similar to the composite was
evident in all of the groups studied and suggests re-
sorption of the composite at 30 days after bone im-
plantation. This is in contrast to a similar study that
did not find evidence of resorption of the PHB/HA
composite earlier than 3 months after implantation
in the femurs of rabbits.6

An evident inflammatory response to the PHB/HA
composite was observed in the present work. This
may impair the repairing of the adjacent tissues and
lead to rapid reabsorption of the implant, what would
consequently cause its mechanical failure. As much as
the inflammation, the implant mechanical failure can
delay or even hinder the fracture consolidation,
what may take to lameness, angular deviations or,
even, bone non-union.

Conclusion
Given the conditions in which this study was per-
formed, and considering the results gathered, it may
be concluded that: the PHB (70%) and HA (30%) com-
posite triggers a chronic local inflammatory response
and must be further studied before it is used as an or-
thopedic implant in animals.
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