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Porous Polyethylene for Tissue Engineering 
Applications in Diabetic Rats Treated with 

Calcitonin: Histomorphometric Analysis
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Purpose: The purpose of this work was to study the bone tissue reaction after porous polyethylene
(Polipore) implantation into surgical defects in the parietal bones of rats with streptozotocin-induced
diabetes, treated with salmon calcitonin. Materials and Methods: Porous polyethylene implants were
placed in bone defects created in 36 adult female rats. The rats were divided into 3 equal groups: dia-
betic treated with calcitonin (DCa), diabetic (D), and control (C). The animals of the DCa group received
applications of salmon calcitonin on alternating days immediately after the surgery until sacrifice. The
rats were sacrificed after 15, 30, 60, and 90 days, and the defects were examined histologically and
statistically through histomorphometric analysis. Results: Histomorphometric analysis showed that
there was no statistically significant difference in the mean quantity of inflammatory cells among all
study groups after 15 and 90 days. At 30 days, a statistically significant difference was observed
between the D and C groups and the D and DCa groups. At 60 days, there was no statistically signifi-
cant difference between the D and DCa groups. Discussion: Porous polyethylene can be considered
an option for implant material when there are investigations that prove its biocompatibility and stability
in the host tissues. Salmon calcitonin positively aided the bone repair and attenuated the inflamma-
tory response until 30 days after the surgery. Conclusion: Porous polyethylene was tolerated by the
host tissues in all groups, and moderate chronic inflammatory reaction was observed up to the 90-day
period. Salmon calcitonin attenuated the inflammatory response up until 30 days. INT J ORAL MAXILLO-
FAC IMPLANTS 2005;20:211–219
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The esthetic and functional rehabilitation of
patients with congenital, pathologic, or post-

traumatic facial deformities has been the subject of

several clinical and experimental works.1–9 Various
materials have been used for the reconstruction of
these deformities, such as biologic materials (autolo-
gous, homologous, and heterologous grafts), and syn-
thetic or alloplastic implants (silicone rubber, ceramics,
polyamide mesh, methylmethacrylate, hydroxyapatite,
polytetrafluorethylene, and porous polyethylene).10–16

The use of materials not derived from the patient
reduces the morbidity of the surgical act and elimi-
nates the need of a secondary donor site, thus reduc-
ing the risk of infection and potential seque-
lae.4,11,15,17 The ideal alloplastic implant has been
described as a material that is inert, noncarcinogenic,
nonallergenic, and easy to shape during the surgery.
An ideal alloplastic implant would not produce an
inflammatory response. It would resist mechanical
trauma, infections, and extrusions; be able to mimic
the color and the consistency of the tissue it
replaces; promote tissue ingrowth to the interior of
the material; and be readily available without addi-
tional morbidity to the patient.13,17–19
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Porous polyethylene has been used in orthopedic,
auricular, orbital, cranial, and maxillofacial recon-
structions because of its biocompatibility and good
stability in the interior of the tissues. The presence of
pores allows the ingrowth of host tissues, which pro-
motes better anchorage of the polymer to its
implantation site.1–10,12–18,20–25

A literature review by the authors yielded no
research regarding the use of porous polyethylene in
the bone tissue of diabetic patients. The bone of
these patients generally presents alterations in the
formation and mineralization processes, which may
delay the bone repair process during the postopera-
tive period. Such alterations could occur because of a
reduction in collagen production (which would
cause a deficiency in osteoblast function) and/or
because of alterations in the mineral metabolism,
with consequent osteopenia.26–28

Salmon calcitonin has been widely used in
patients with pathologies that affect bone metabo-
lism, such as osteoporosis, ostogenesis imperfecta,
and Paget’s disease, because of its recognized ability
to inhibit bone resorption. Several works in vivo and
in vitro have demonstrated that this hormone favors
bone formation,29,30 inhibits osteoclastic activity,31,32

and prevents the development of osteopenia.33,34

Because of the need for elucidation concerning
the use of alloplastic materials regarding the meta-
bolic alterations of bone tissue observed in diabetic
patients and the application of calcitonin for treat-
ment of some bone diseases, the authors’ interest in
verifying the reactions of bone tissue after porous
polyethylene implantation in surgical defects pro-
duced in diabetic rats treated with salmon calcitonin
emerged.

MATERIALS AND METHODS

Thirty-six female rats (Wistar, Rattus norvegicus albi-
nus), 3 to 6 months old, were divided into 3 equal
groups: diabetic rats treated with calcitonin (DCa),
diabetic rats (D) and control rats (C). These animals
were observed in groups of 3 for 1 month, kept in
cages, and fed ad libitum. All animals received
humane care according to the criteria of the National
Research Council, and the study protocol was
approved by the Committee for Animal Use of the
São José dos Campos School of Dentistry.

Induction of Diabetes
Diabetes was induced in the animals by a single
intraperitoneal injection of pancreatic �-cell toxin
streptozotocin (Sigma Chemical, St Louis, MO) dis-
solved in pH 4.5 citrate buffer at a dose of 45 mg/kg

bodyweight. Using an Advantage II glucometer
(Roche Produtos Químicos e Farmacêuticos, São
Paulo, Brazil), the blood glucose level was monitored
1 week after the streptozotocin treatment and
throughout the duration of the study to determine
the hyperglycemic state of the animals. Most animals
developed clinical evidence of diabetes within 2
weeks of the streptozotocin injection. The animals
that failed to develop average blood glucose con-
centrations higher than 300 mg/dL were excluded
from the study.

Treatment Protocol
The animals were anesthetized with intramuscular
injections of acepromazin (pre-anesthetic, Acepran
1%, Univet Indústria Veterinária, São Paulo, Brazil) and
ketamine (anesthetic, Dopalen, Agribands Saúde Ani-
mal, São Paulo, Brazil). These drugs were adminis-
trated at a dose of 0.1 mL/100 g.

An incision was made in the sagittal plane of the
head, followed by muscular dissection, plane to
plane, and incision and detachment of the perios-
teum. Subsequently, a surgical bone defect was cre-
ated in the parietal bone with the aid of a 3.0-mm
trephine activated by a surgical micromotor and irri-
gated with 0.9% sterile saline solution. The bone
defect was round, with a diameter of 3.0 mm and a
depth equal to the thickness of the removed cortical
bone. An amount of porous polyethylene (Polipore;
Makron Biopolímeros, Mogi das Cruzes, SP, Brazil) the
size of the surgical defect was placed in the defect
(Figs 1a to 1c). Subsequently, the periosteum, muscle,
and skin were sutured. The animals were sacrificed
by an anesthetic overdose after 15, 30, 60, or 90 days
(3 animals per group per time period), and the bone
containing the created defect was removed en bloc,
fixed in 10% neutral formalin for 48 hours, decalcified
in Plank-Rychlo solution, and embedded in paraffin.
The histologic sections were approximately 6 µm
thick, cut longitudinally at intervals of 70 µm, and
stained with hematoxylin-eosin.

Calcitonin Administration 
The animals in the DCa group received 16 IU/kg of
synthetic salmon calcitonin (Miacalcic; Novartis,
Basel, Switzerland) diluted in 0.9% saline solution,
administered subcutaneously on alternate days from
immediately after the procedure up to the day of
sacrifice.9,33

Histomorphometric Analysis
The central point of the histologic section random-
ization and of the selection for histomorphometric
analysis was accomplished randomly, thus eliminat-
ing the occurrence of sampling bias. An II Zeiss retic-
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ule (Carl Zeiss, Göttingen, Germany) was placed over
a compensation ocular 8� KPL Zeiss to evaluate the
presence of inflammatory cells. The reticule image
was superimposed on the desired histologic fields.
The reticule points and the total number of points
over the bone defect were counted. The presence of
acute and chronic inflammatory cells (lymphocytes,
neutrophils, macrophages, multinucleated giant cells)
was evaluated with the following formula, where IC =
inflammatory cells:

IC = Number of reticule points in inflammatory cells
Total no. of reticule points in the bone defect

The chosen bone defect was submitted for exami-
nation with serial microscopy sections, from which
approximately 100 sections were obtained. From
these sections, 5 were randomly chosen for morpho-
metric analysis. Subsequently, 5 histologic fields from
each section of the surgical bone defect region were
analyzed. During this step, a 40� objective and an
ocular 8� KPL with an optical Olympus CH-2 micro-
scope ( Tokyo, Japan) were used. The objective
showed a 100-point reticule corresponding to 7,840
µm2 for measuring the bone tissue area.

Statistical Analysis
The histomorphometric results were submitted to
analysis of variance (ANOVA) and to the Tukey test
with the aid of the GraphPad InStat software version
3.00 for Windows 95 (GraphPad Software, San Diego,
CA).The level of significance used was P < .05.

RESULTS 

15 Days 
Group C. The region of the defect was filled by loose
connective tissue, with numerous fibroblasts and
fibrocytes, as well as large and small engorged blood
vessels. This tissue still presented intense and dif-
fused mononuclear inflammatory cell infiltrate with
lymphocytes and macrophages. Plasmacytes were
scarce; polymorphonuclear cells were absent. Irregu-
lar round cavities of various sizes, surrounded by a
thin layer of organized granulation tissue with
mononuclear inflammatory cells and some multinu-
clear giant cells were also observed. These cavities,
interpreted as negative images of polyethylene par-
ticles, were randomly distributed in the formed con-
nective tissue (Fig 2). The giant cells were situated on

Fig 1 (a) Porous polyethylene implant with circular form (3-mm
diameter) used in the study. (b) Scanning electronic micrograph
showing ovoid polyethylene microparticles of different sizes (origi-
nal magnification �35). (c) The implant after implantation into
the surgical defect (arrows).
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the surface of the implant and in areas near the cav-
ity. The margins of the defect were linear, which char-
acterizes the absence of bone neoformation in this
region.

Group D. In group D, the region of the defect was
filled with loose connective tissue. However, it exhib-
ited more mononuclear inflammatory cell infiltrate
and multinuclear giant cells compared to the control
group. In some areas, granulomatous inflammation
with epithelioid granulomas composed of epithe-
lioid cells (containing polyethylene particles), lym-
phocytes, and multinuclear giant cells was seen. The
cavities were randomly distributed in the connective
tissue and surrounded by a thin layer of granulation
tissue, with a greater quantity of multinuclear giant
cells, both on the surface of the implant and in the
adjacent areas, than was observed in the control
group. In some areas of the margins of the defect, the
presence of extended areas of bone resorption was
observed.

Group DCa. In the DCa group, the bone defect
was also filled by loose connective tissue and numer-
ous engorged blood vessels.The quantity of cells and

blood vessels seen was similar to that seen in group
C and less than that seen in group D. The collagen
fibers were denser and more organized than in the
other groups. The connective tissue exhibited less
mononuclear inflammatory cell infiltrate than group
D. It was also observed that the quantity of multinu-
clear giant cells was similar to that observed in group
D. Fewer epithelioid cell granulomas were present in
group DCa than in group D. Areas of interstitial hem-
orrhage were seen in every specimen. The margins of
the defect were slightly irregular, with bone forma-
tion and, in a few histological specimens, round
“nests” of bone tissue adjacent to the implant mater-
ial were observed. No area of bone resorption was
seen in the region adjacent to the defect (Fig 2).

30 Days 
Control. In the control group, the region of the defect
was filled by well-organized fibrous connective tis-
sue that exhibited moderate and diffused mononu-
clear inflammatory cell infiltrate. Masses of dys-
trophic calcification were noticed near the margin of
the defect. The cavities were surrounded by a narrow

Fig 2 Bone defect after 15 days. (a) Group C. Note the loose
connective tissue and engorged blood vessels (arrows). One cav-
ity (asterisk) is interpreted as a negative image of a polyethylene
particle. (b) Group D. Note the loose connective tissue with
mononuclear inflammatory cell infiltrate and numerous engorged
blood vessels (arrows). (c) Group DCa. Note the scarce inflamma-
tory cell infiltrate with larger blood vessels (asterisks). (hema-
toxylin-eosin; original magnification �200 for a and c and �300
for b).
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layer of loose connective tissue exhibiting mononu-
clear inflammatory cell infiltrate and multinuclear
giant cells. Immature bone tissue formation of cen-
tripetal growth was observed near the margins of
the defect.

Group D. The bone defect was filled by loose con-
nective tissue with numerous engorged blood ves-
sels. The presence of intense and diffused mononu-
clear inflammatory cell infiltrate was also observed,
and in some specimens, areas with abscess forma-
tion were observed. The cavities were surrounded by
a narrow layer of fibrous connective tissue infiltrated
by mononuclear inflammatory cells and multinuclear
giant cells. Extended areas of interstitial hemorrhage
and edema with rare nests of bone tissue were seen.
In some specimens, extended areas of bone resorp-
tion and/or necrosis and formation of bone seques-
tra in the area adjacent to the defect could be
detected.

Group DCa. The defect, which was filled with
organized fibrous connective tissue, exhibited
engorged blood vessels. Moderate and diffused
mononuclear inflammatory cells and some epithe-
lioid cell granulomas were seen near the margins of
the defect and adjacent to the implant material.
Refractive polyethylene microparticles were found in
the interior of these granulomas and/or were sur-
rounded by macrophages or multinuclear giant cells.

The presence of well-delineated cavities sur-
rounded by a narrow layer of fibrous capsule with
multinuclear giant cells on its surface. Immature
bone tissue formation near the cavities was
observed. The margins of the defect showed bone
neoformation and discrete reabsorption.

60 Days
Control Group. The region of the bone defect was
filled by dense fibrous connective tissue and exhib-
ited scarce mononuclear inflammatory cell infiltrate.
The cavities were surrounded by a narrow and well-
delineated layer of fibrous capsule and exhibited
some multinuclear giant cells and engorged blood
vessels. Newly formed bone tissue on the margins of
the defect and linear dystrophic calcification near
the implant were seen.

Group D. The region of the bone defect was filled
by fibrous connective tissue, which presented
mononuclear inflammatory cell infiltrate and an
absence of polymorphonuclear cells. In some areas,
the fibrous capsule that surrounded the cavities was
thick and infiltrated with mononuclear and multinu-
clear giant cells.The margins of the defect were irreg-
ular and showed areas of bone formation and
resorption. Small islands of newly formed bone tis-
sue near the implant material were also seen.

Group DCa. The region of the defect was filled by
fibrous connective tissue on the margins and by
loose connective tissue in its central portion. The
presence of moderate and diffused mononuclear
inflammatory cell infiltrate was observed, and in
some regions granulomatous inflammation was also
seen. The cavities were surrounded by a well-delin-
eated fibrous capsule and exhibited numerous multi-
nuclear giant cells. The presence of newly formed
bone tissue formation on the margins of the defect
and scarce islands of immature bone tissue dis-
persed in the formed connective tissue was also
observed. No areas of dystrophic calcification were
seen.

90 Days
Groups C and DCa. The bone defects were filled with
a fibrous connective tissue and exhibited mononu-
clear inflammatory cell infiltrate only rarely. The cavi-
ties were well-delineated, and some multinuclear
giant cells on the periphery of its surface were
observed. The diabetic group treated with calcitonin
showed more vascularization than the control group.

Group D. A greater quantity of mononuclear
inflammatory cells and multinuclear giant cells could
be seen in the connective tissue compared to the
other groups. Discrete foci of dystrophic calcification
dispersed in this tissue were observed (Fig 3).

Histomorphometric and Statistical Analyses 
The histomorphometric analysis showed variable
quantities of inflammatory cells in all the study
groups and observation times. After 15 and 90 days,
the mean quantity of inflammatory cells in all study
groups was not significantly different (P > .05). At 30
days, significant differences were observed between
groups D and C and groups D and DCa (P < .001). At
60 days, significant differences were observed
between groups C and D and between groups C and
DCa (Table 1). The analysis of the results, shown in Fig
4, demonstrated the evolution of the inflammatory
reaction after the implantation of the porous polyeth-
ylene into the bone defects at all observation times.

DISCUSSION

Among the several types of alloplastic materials
available, porous polyethylene has been used for
decades for partial or total ossicular replacement,20,23

for restorative and esthetic rhinoplasty,5,18 in orbital
implants,22,25 in auricular reconstruction, in orbital
reconstruction, and in the correction of deformities
of the cranial base and the frontal, temporal, zygo-
matic, and mandibular regions.1,2,4,6,17,19,24 Clinical
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Fig 3 Bone defect after 90 days. (a) Group C. Observe the
fibrous connective tissue and cavity (asterisk) surrounded by well-
delineated fibrous capsule and chronic inflammatory cells
(arrow). (b) Group D. Note the connective tissue. Fewer organized
collagen fibers and mononuclear inflammatory cells are dis-
persed in this tissue (arrows). (c) Group DCa. Observe the fibrous
connective tissue with little mononuclear inflammatory cell infil-
trate (hematoxylin-eosin; original magnification �300 for a and b
and �200 for c).
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Fig 4 Schematic representation of the evolution of the inflam-
matory response observed in groups C, D, and DCa. 

Table 1 Statistcal Analysis of the Mean No. of
Inflammatory Cells in the C, D, and DCa Groups

Period/group
comparison Mean difference P

15 d
C vs D –7.222 NS
C vs DCa –1.899 NS
D vs DCa 5.333 NS

30 d
C vs D –35.444 .001*
C vs DCa –1.889 NS
D vs DCa 33.556 .001*

60 d
C vs D –17.556 .01*
C vs DCa –14.444 .01*
D vs DCa 3.111 NS

90 d
C vs D –1.222 NS
C vs DCa 1.222 NS
D vs DCa 2.444 NS

NS = not significant; P > .05.
*Statistically significant difference.
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and experimental studies found in the literature have
shown that the presence of porosity in the polyethyl-
ene aids tissue invasion, which promotes adhesion
and stability in the host tissue.8,11,12,14,16,21

In the histologic observations of group C, it could
be verified that the polyethylene implant was toler-
ated by the host tissues, with fast invasion of its pores
by well vascularized connective tissue without the
occurrence of implant extrusion. These results agreed
with the clinical and experimental studies of Yildirim
and associates,8 Rubin and coworkers,14 and Rossa.16

The chronic inflammatory reactions and multinuclear
giant cells as a foreign body, observed in all periods,
interfered in the osseointegration of the implant
material. Giant cells were also found in other experi-
ments.5,12,21,25 Some authors have reported that the
presence of these cells is related to the size and/or
forms of the polyethylene particles.11,14,16 The normal-
ity of the immune system of the animals and the
postoperative care were probably responsible for the
lack of infections. Other authors have said that the fill-
ing of the pores by the surrounding tissue may
reduce the space available for bacterial adhesion and
lessen the risk of infection.10,15

Areas of dystrophic calcification, which were pres-
ent in the last 2 observation periods, could be ex-
plained by the occurrence of tissue necrosis caused
by the chronic inflammatory process in the receptive
area. The small statistically significant difference in
the mean IC, observed at 15 and 90 days in the con-
trol group, suggests that porous polyethylene causes
a moderate chronic inflammatory response even
when used in normal animals.

According to Boyko and Lipsky,35 alterations in the
immune defense mechanisms of diabetic patients,
such as inhibition of the phagocytic capacity of the
neutrophils associated with vascular alterations,
compromise the local microcirculation and the
reparative process. These phenomena could explain
the presence of abscess areas and bone sequestra in
some specimens of the diabetic group at the 30-day
period. On the other hand, the histologic findings for
the 90-day period showed that these reactions were
transitory. These facts could be related to the postop-
erative complications of the diabetic animals and to
the implant material used in this study.

In this study, areas of bone resorption and neofor-
mation were discretely observed in the latter periods
of observation, which is in agreement with the study
of Shyng and colleagues,36 who used polytetrafluor-
ethylene membrane in surgical calvarial bone de-
fects of diabetic rats. In the diabetic group, no extru-
sion or exposition of the implants was seen; they
were tolerated by the host tissue.

In the last few decades, calcitonin has been used
in the treatment of several bone pathologies because
of its capacity to decrease osteoclastic activity, inhibit
the synthesis and liberation of enzymes that pro-
mote bone matrix resorption, increase osteoblastic
activity, and impair the primitive mesenchymatous
cell differentiation in osteoclasts.29–31,37,38 Its action in
bone resorption inhibition seems to be connected to
the presence of specific receptors in the cytoplasm of
the osteoclasts.32,39 When this hormone connects
with these receptors, the form of these cells is
changed. They become smaller and have fewer
microvillosities and less cytoplasmic mobility; ie, less
functional activity.39,40

In the DCa group, the calcitonin was efficient in
the inhibition of bone resorption and/or stimulation
of bone tissue formation compared to the other
groups, a finding that is in agreement with several
studies found in the literature.29–32,37–39

In the histomorphometric and statistical analysis
of this study, the calcitonin decreased the mean IC in
the 15- and 30-day observation periods. This fact
could be explained by the analgesic and anti-inflam-
matory properties of this hormone, as described in
the studies of Quatraro and coworkers,41 Zmijewska
and associates,42 and Lyritis and associates.43

After implantation of porous polyethylene in
bone defects, Wellisz and coworkers3 and Maas and
colleagues11 observed the presence of bone spicules
inside the pores of the implantation material, a find-
ing that was not seen in the present study. This may
be related to the small diameter of the pores in the
material used, which would have impaired the
growth of bone tissue inside the implant.

The use of calcitonin in diabetic patients has been
the subject of great controversy in the last years.
Some researchers have reported that treatment with
calcitonin increases the serum glucose concentra-
tion,44–46 while others have stated that prolonged
treatment with the hormone does not promote sig-
nificant changes in glycemic control.47–49 In the pres-
ent results, the glycemic means of the animals in
groups D and DCa were similar, which agrees with
the findings of Gattereau and colleagues,47 Sgam-
bato and coworkers,48 and Giustina and associates.49

Although these results were unsatisfactory in rela-
tion to surgical practice involving reconstruction of
the craniomaxillofacial complex, polyethylene may
be considered an option for implant material once
there have been investigations to demonstrate its
biocompatibility, stability in the host tissues, and
ease of shaping in the region.
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CONCLUSION

Based on the findings of the present study, it is possi-
ble to conclude that porous polyethylene (Polipore)
was tolerated by the host tissues in all groups. Mod-
erate chronic inflammatory reaction was observed
up to the 90 days postimplantation. The pores of the
polyethylene were filled with connective tissue;
osseointegration of the implant did not occur.
Salmon calcitonin attenuated the inflammatory
response up to 30 days after the surgery.
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