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Faculty of Medicine, Clinic of Stomatology

Department of Prosthodontics, Niš, Serbia and Montenegro
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ABSTRACT: The aim of this study is to examine the reparatory ability of the
synthetic biomaterial hydroxyapatite–poly-L-lactide (HAp–PLLA), the replace-
ment of alveolar ridge, and rehabilitation of bone defects caused by osteoporosis,
in an experimental group of animals. The experiments are performed on
syngeneic Sprague Dawley rats. Osteoporosis is induced by glucocorticoids in
rats during a 12-week period. After this, the experimental group of animals is
divided into five subgroups. An artificial defect is made in the alveolar bone on
the left side of the mandible. In one group of animals, the defect is left to heal by
itself, while in other groups, pure HAp–PLLA or one mixed with plasma is
implanted. The best results are achieved by the implantation of the HAp–PLLA
composite biomaterial mixed with autologous plasma. Formation of a new
mandibular bone is seen, growing intensely, leading to rapid osteogenesis.

KEY WORDS: reparation, mandible, rat, osteoporosis, hydroxyapatite–
poly-L-lactide.

INTRODUCTION

Oral rehabilitation of patients with tissue defects that occur due
to the advanced bone resorption of residual alveolar ridge, trauma,

irradiation, and surgical operations in the region of the face and jaws,
represents a common task in modern stomatology [1–3]. Particular
attention has been given to osteoporosis of the alveolar bone that occur
due to the rapid resorption of bone tissue or the insufficient synthesis of
bones, induced by glucocorticoids or by certain chronic diseases [4]. One
of the procedures for the treatment of these problems is oral implan-
tology with the application of various types of biomaterials. Special
interest is given nowadays to synthetic biomaterials such as ceramics–
polymer composites that resemble natural bone in oral implantology [5].
Biomaterials based on synthetic hydroxyapatite and biocompatible
polymer are representatives of this type [6–8]. Hydroxyapatite (HAp)
is the most commonly used ceramic biomaterial for the restoration and
regeneration of bones. The most important feature of hydroxyapatite is
its chemical similarity to the mineralized phase of bones. This similarity
is based on its osteoconductive potential and excellent biocompatibility.
Hydroxyapatite is an excellent carrier of osteoinductive growth factors
and osteogenic cell population, which significantly increases its useful-
ness as a bioactive material of the future. Polymers are very important
substrates for the distribution of bioactive molecules [9–11]. It has been
shown that the introduction of HAp into poly-L-lactide (PLLA) improves
the bonding of the material to the bones [12].

Many studies analyzing the application of HAp–PLLA composites,
have been published so far. Our previous studies established that
bioresorption of the PLLA polymer phase and generation of collagen
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fibers were taking place at the sites of bioresorption of PLLA after
intraperitoneal implantation [13]. The same final results as in the case
of the HAp–PLLA composite biomaterial used alone, were found after
the intraperitoneal implantation of a mixture of bone powder and
the HAp–PLLA composite. The HAp–PLLA composite material was
successfully used in the form of rods and tested for internal fixation
of bone fractures [14–16].

This paper analyzes the reconstructive possibilities of the bone
tissues of the mandible with the HAp–PLLA composite biomaterial. The
novelty, compared to previous research, is that it examined possibility
of HAp–PLLA composite biomaterial application with and without
plasma, which is the source of different growth factors in the mandi-
bular alveolar bone damaged by osteoporosis in in vivo conditions.

MATERIALS AND METHODS

Six to eight-week-old syngeneic female Sprague Dawley rats, who had
attained sexual maturity and mineralization of bones were examined.
Osteoporosis was induced by glucocorticoids. The animals were initially
divided into two groups. One control group (A, 12 animals) was without
therapy and on a normal regime of diet. Another group (B, 30 animals)
was successively treated with intramuscular glucocorticoids: methyl-
prednisolone (Lemod-Solu, Hemofarm, Vršac) in a dose of 2 mg/kg of
body mass; dexamethasone (Dexason, ICN Galenika Belgrade) in a
dose of 0.2 mg/kg. Each medicament was given every second day.
Glucocorticoids were administered always at the same time, from 2 to
5 p.m., when the level of cortisol in the blood was the highest. So the
animals had the minimum reaction to stress. At the end of the treat-
ment with glucocorticoids, three subgroups of six rats were formed.

In the subgroups of rats, a defect 1.6 mm in diameter and 1.8 mm
in depth, was made in the region between the medial line and the
mental foramen on the left side of the mandible by a sterile steel boring
machine.

The bone defect in the rats from subgroup B1 was left to heal
naturally, while in another two subgroups, biomaterials were implanted
into the defect.

Rats of subgroup B2 (HAp–PLLA) were implanted with the HAp–
PLLA composite biomaterial, with PLLA of 430.000 mole mass,
obtained by a two-step chemical procedure published in detail in our
earlier studies [6–8].

Animals of subgroup B3 (HAp–PLLA–PL) were implanted with the
composite previously submerged in autologous plasma. Blood from
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the heart of the specimen was centrifuged at 1500 rpm. The separated
plasma was mixed with granules of the composite biomaterial in a ratio
1 : 1. The material was implanted into the alveolar bone of the rat,
damaged by osteoporosis. The process was repeated for each animal
separately.

The postoperative course was the same in all animals. They were
followed up from three to six months (12–24 weeks) after implantation,
and then sacrificed.

Alveolar bone from the region of the artificial defect of the mandible
was taken for analysis. The bone was rinsed with a physiological solu-
tion, then fixed in 10% formalin and decalcified by electrolysis in a
solution of concentrated formic acid for 10–12 h. After decalcification,
the bone tissue was treated, followed by molding, cutting, and staining
by the hemotoxylin–Eosin (HE) method.

The histological preparations obtained were histomorphometrically
analyzed by an image analysis system, Lucia 32 G (Laboratory Imaging,
Prague, Czech Republic) on a microscope (LEICA DMR) with 10�
magnification (NA¼ 0.5) and a digital camera (with 640� 480 pixels).
After defining the test field, the area (surface of part of the bone which
was seen on defined visual field), the area box (percentage of visual
field occupied by a new bone structure), and the mean density of the
examined part of the picture of the bone tissue, of both compact and
spongy bones of the mandible, were determined.

MANOVA and t-test were used for the statistical analysis of the
obtained data and the values were presented as the mean value and
the standard deviation.

RESULTS

Twelve weeks after the implantation of HAp–PLLA–PL composites,
formation and integration of new bone tissue was found (Figure 1) in the
B3 subgroup. On the other hand, twelve weeks after implantation of
HAp–PLLA composites, a junction line between the existing and the
newly formed bone was noticed on several spots. Spaces created by
resorption of the implant material were noticed. These spaces were only
partially filled with the new bone tissue. Residues of connective tissue,
fibroblasts, and fibrocytes were observed in such areas (Figure 2). In the
bones of untreated rats, strong osteogenesis occurred. New bone tissue
almost filled the defect (Figure 3).

Twenty-four weeks after implantation, a considerably higher intensity
of osteogenesis and a more regular bone structure were noticed in rats of
HAp–PLLA and HAp–PLLA–PL subgroups B2 and B3, in relation to all
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Figure 1. More intensive formation of a new bone twelve weeks after the implantation of
HAp–PLLA–PL composite with plasma – subgroup B3 (i is located at the interface of

material residue and newly formed bone tissue and it points to the newly formed bone

tissue; � is located at the place of implanted material residue).

Figure 2. Formation of a new bone twelve weeks after implantation of HAp–PLLA
composite – subgroup B2 (i is located at the interface and it points to the newly formed

bone tissue; � is located at the place of the implanted material residue).
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other subgroups (Figures 4 and 5). In the subgroup with experimentally
induced osteoporosis, the bone defect was not filled with a new bone
(Figure 6).

In both spongy and compact bones of the rat mandible, statistically
significant differences ( p < 0.05) in the area, area box, and mean density
between the control group and the subgroup of experimental animals,
which were implanted with HAp–PLLA–PL composite subgroup B3,
were found. On the other hand, only the difference in area box between
the control group A and the subgroup, which were implanted with
HAp–PLLA-subgroup B2 was statistically significant (Tables 1 and 2).

DISCUSSION

Six to eight-week-old healthy Sprague Dawley rats who attained sexual
maturity and mineralization of bones, were used as control in our
experiments. So the morphology of both compact and spongy parts of the
alveolar bone, as well as the process of formation of new bone tissues in
the location of the defect was taken for comparison with that of the other
experimental groups [1,3,4]. In these animals, newly formed Haversian
systems with cement lines in compact bone within the defect, as well as
reduction of the size of marrow spaces in spongy bone in comparison to

Figure 3. Healing of the artificial defect in normal rat alveolar bone- group A (i signifies

Havers’ system and cement lines in osteogenesis and healing of the defect made in healthy
alveolar bone).

184 Z. AJDUKOVIĆ ET AL.



Figure 4. More intensive formation of new bone twenty four weeks after implantation of

HAp–PLLA–PL composite with plasma – subgroup B3 (i points to the intensive

osteogenesis, i.e., newly formed healthy bone tissue and � is located at the place where
connecting tissue and blood vessels substituted the implanted material residue).

Figure 5. Formation of a new bone twenty four weeks after implantation of HAp–PLLA

composite – subgroup B2 (i points to layered sediment of newly formed bone tissue rich
with blood vessels and the implanted material residue is dimly sighted in the lower left

corner of the figure).
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the bone outside the defect (Figure 3) were noticed. After twelve weeks’
healing, as bone filled the defect, it was not necessary to follow up these
animals for a longer period of time than had been planned, as was the
case with the other experimental groups. It was obvious that healing was
going on rapidly and effectively without additional stimulation of
osteogenesis by implantation of the biomaterial [3,4].

Glucocorticoids applied to rats during the period of intensive growth,
development, and bone mineralization showed several effects. It was
noticed that the spongy bone became thinner, reduced, and more hollow.

Figure 6. Artificial defect in osteoporotic rat alveolar bone – subgroup B1 (i points to the

beginning of the newly formed bone tissue genesis within the defect of the alveolar bone of

the rat, damaged by osteoporosis).

Table 1. Histomorphometrical analysis of the spongy bone of mandible in
experimental animals, 12 weeks after implantation.

Examined

parameters

Control

group (A) Experimental group (B)

A

(n¼ 6)

B1

(n¼ 6) t-Test

B2

(HAp–PLLA)

(n¼ 6) t- Test

B3

(HAp–PLLA–PL)

(n¼ 6) t-Test

Area (m/m2) 914.32� 304.78 516.68� 172.23 n.s. 802.44� 268.81 n.s. 1101.88�367.29 P < 0.05

Area box (%) 3.18� 1.06 2.08� 0.69 n.s. 4.54� 10.51 p < 0.05 4.71�1.57 p < 0.05

Mean density

(a.u.)

1.96� 0.66 1.12� 0.37 n.s. 1.26� 0.42 n.s. 2.66�0.88 p < 0.05
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The compact bone thereby became poorly mineralized, thin, and weak.
The above-mentioned changes indicate the inhibition of the bone tissue
formation and domination of catabolism process in comparison to bone
anabolism processes [3].

In the group of glucocorticoid-treated rats, where the defect was made
without filling with implant material, it was noticed that healing of
bone tissue had begun, but the defect itself was not filled with new
bone (Figure 6). This indicates that the osteoconductive effect of the
biomaterial, similar to the examined ones, is necessary for higher levels
of osteogenesis and complete healing. In the subgroup where HAp–
PLLA composite was implanted, 24 weeks after implantation, besides
intensive formation of a new bone, increased binding, as well as
migration and distribution of vascular and osteogenic cells within
remnants of implanted material were noticed, which confirmed the
osteoconductive effect of that biocomposite [9–14].

Biostimulation of the healing process and strengthening of the altered
osteoporotic alveolar bone were most intensely induced by HAp–PLLA–
PL composite mixed with autologous plasma. Some studies have already
reported that a combination of HAp with plasma enriched in platelets,
caused more rapid and high-grade regeneration of bone on the surface,
where an alveolar defect was made [10–12,18] Considerably higher
intensity of osteogenesis in rats of this subgroup, in comparison to the
subgroup that was implanted with HAp–PLLA biocomposite, is probably
the consequence of the activity of growth factors that were present
in autologous plasma and that significantly improved cell proliferation,
differentiation, and formation of a new bone [17,18]. It is possible that
growth factors from autologous plasma initiate a complex cascade of
endochondral bone formation. There are many data showing that bone
morphogenetic protein recruit mesenchymal stem cells in the region of

Table 2. Histomorphometrical analysis of compact bone of mandible in
experimental animals, 12 weeks after implantation

Examined

parameters

Control

group (A) Experimental group (B)

A

(n¼ 6)

B1

(n¼ 6) t-Test

B2

(HAp–PLLA)

(n¼ 6) t-Test

B3

(HAp–PLLA–PL)

(n¼ 6) t-Test

Area (m/m2) 996.69� 332.23 514.12� 171.37 n.s. 783.36� 261.12 n.s. 1465.76� 488.59 p < 0.05

Area box (%) 3.23� 1.08 2.58� 0.86 n.s. 4.56� 1.52 p < 0.05 4.78� 1.59 p < 0.05

Mean density

(a.u.)

2.04� 0.68 1.98� 0.66 n.s. 2.32� 0.74 n.s. 2.94� 0.98 p < 0.05
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defect by means of hemotaxis and initiate their rapid proliferation and
differentiation into chondroblasts and chondrocytes. These cells later
enter the cartilage-like matrix, which is calcified into bone. Such tissue
is later remodeled, forming mature lamellar bone that contains active
elements of bone marrow [17,18].

The obtained data show that histomorphometric parameters (area,
area box, and mean density) may be used for the precise determination
of the healing abilities of the biocomposite materials in the fixation of
bone fractures [15].

Generally, the examined synthetic biomaterials have shown osteocon-
ductivity, enabling formation, organization of osteons, and Haversian
canals similar to a normal bone. The results of the study confirm that new
synthetic HAp–PLLA composite belongs to a group of biomaterials that
makes the formation of a new bone easier and successfully replaces bone
tissue with regard to its osteoconductive effect. The above-stated
characteristics make that biocomposite, which has not been used in
oral implantology and prosthetics so far, the material of choice that may
be very valuable in future in cases of defects occurring due to osteoporosis
of the alveolar bone.

CONCLUSIONS

Our histopathological and morphometric examinations have shown
that the HAp–PLLA biocomposite represents a good osteoconductive
material. This is proved by the intensive growth of new bone tissue in
the compact and spongy parts of the mandible. The best healing results
have been achieved by the implantation of HAp–PLLA–PL composite
mixed with autologous plasma, because the greatest intensity of
osteogenesis and the most regular bone structure had been noticed
there, in comparison to all other examined groups of rats. Such results
suggested that growth factors from plasma could contribute to suitable
reparatory effects. Therefore, a biomaterial based on HAp and polymer
that was examined in this study, may be of great importance in future
for the healing of osteoporotic alveolar bone.
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