
Summary. The aim of the present study was to evaluate
histologically and radiographically the tissue response to
dolomite [CaMg(CO3)2] and its osteogenic potential inthe repair of bone cavities in the calvaria of rats. A bone
defect 10 mm in diameter and 1 mm deep was made in
the calvaria of male Wistar rats. The defects were filled
with dolomite, inorganic bovine bone (positive control),
or coagulum (negative control). The animals were
euthanized 7, 15, 30, and 60 days after surgery, and
specimens were collected for radiographic and
microscopic analyses. The bone defects were processed
for paraffin embedding and H&E staining. The
histological study revealed that dolomite stimulated a
moderate inflammatory response, with programmed cell
death in the first 15 days, compared to bovine bone
which showed a moderate to intense acute response. In
the chronic phase, the inflammatory response was
characterized by the occurrence of macrophages
organized as epithelioid cells in the dolomite group, and
giant cells in the bovine-bone group. Fibrosis developed
in all three groups; however, encapsulation of the
fragments, reabsorption, and osteoconductive activity
occurred only in the defects filled with bovine bone. The
radiographic analysis showed that the bovine bone was
most efficient in the repair of the defects, followed by
the dolomite and the coagulum. This study demonstrated
that the dolomite stimulated a moderate acute
inflammatory response with programmed cell death, and
a chronic inflammatory response by means of the
phagocytic mononuclear system. Although osteo-
conductive activity was not shown, the dolomite favored
the repair process, compared to the coagulum group.
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Introduction

Bone tissue is characterized by its regenerative
potential, with the ability to fully restore its original
structure and function. However, in some situations,
bone defects cannot be repaired (Lindhe, 2008).
Therefore, to aid or promote bone repair, a variety of
biomaterials have been investigated and developed for
use in medicine and dentistry (Carneiro et al., 2005). The
material used for grafting, depending on its composition
and origin, can act on the receiving bone through three
biological mechanisms: osteogenesis, osteoinduction,
and osteoconduction (Marx, 1994; Lee, 1997; Misch,
2007). The only currently available material that
promotes osteogenesis is autogenous bone (Misch,
2007), which contains viable cells that can produce
growth factors that induce osteogenic activity
(Matsumoto et al., 2002).

Osteoinduction refers to the ability of a material to
induce the transformation of undifferentiated
mesenchymal cells into osteoblasts at a site where this
process does not occur spontaneously. Added inorganic
materials, such as bone morphogenetic proteins (BMPs)
are the most important example of this mechanism
(Marx, 1994; Misch, 2007). Osteoconduction is
characterized by the formation of new bone on a
framework consisting of a biological or alloplastic
substrate from osteogenic cells existing in bone
receptors. Examples of osteoconductive materials
include hydroxyapatite, inorganic bovine bone, and
frozen bone (Marx, 1994; Misch, 2007).

The possibility of correcting bone defects has
attracted great interest in developing materials that have
biological characteristics as compatible bone substitutes.
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Generally, the autogenous graft is most often
recommended, and gives the best results in the
correction of defects. However, the indications for and
use of autogenous grafts are limited by factors such as
the size of the bone defect and the discomfort of the
patient (Granjeiro et al., 1992; Jensen et al., 1996;
Becker et al., 1998; Furusawa et al., 1998; Koempel et
al., 1998; Boeck et al., 1999; Camarini, 2001).

Biomaterials have been suggested for use in
restoring the function and morphology of areas that have
undergone surgical interventions, such as increasing the
atrophic edge of alveolar bone, and repairing periodontal
defects and bone loss associated with osteointegrated
implants (Camarini, 2001). Among the possible
biomaterials, composites of calcium and phosphate are
recommended because of their similarities to the
chemical and crystallographic structure of bone mineral,
and because they do not cause adverse reactions
(Camarini, 2001). Alloplastic materials, in turn, are
considered more biocompatible, have osteoconductive
properties, and maintain a framework on which bone
neoformation can occur (Cobb et al., 1990; Granjeiro et
al., 1992; Greghi and Campos, 1994; Jensen et al., 1996;
Koempel et al., 1998; Zenóbio et al., 1998).

Dolomite is a mineral consisting of calcium
carbonate and magnesium in the ratio of 2:1, with a
chemical formula of CaMg(CO3)2 (30.4% CaO, 21.7%
MgO, 47.9% CO2). In the Middle Ages, powdered
dolomite was used to treat diseases of the skin and
bones. In 1792, the mineral was named after the French
mineralogist Déodat de Dolomieu. Presently, dolomite is
sold as a mineral food supplement, with different
biological purposes: anti-acid, anti-inflammatory,
analgesic, soothing, decongestant, invigorating, relaxing,
and muscle revitalizing. However, no scientific studies
have confirmed these biological effects. It has been
shown that orally administered dolomite acts as a
coadjuvant in the prevention or treatment of
osteoporosis, by producing a proven increase in bone
mass (Lev-Ran et al., 1998; Edelstein et al., 2001).
However, there are no studies evaluating whether its
application in situ could stimulate osteogenesis. The aim
of the present study was to evaluate histologically the
tissue response to dolomite and its osteogenic potential
for the repair of bone cavities in the calvaria of rats.
Material and methods 

Animals

All procedures involving the use of animals were
approved by the Ethics Committee on Animal
Experiments of the State University of Maringa, under
Protocol number 025/2006- CEEA. 

Forty-eight male Wistar® rats, 70 days old and
weighing 250-300 g were used. 
Experimental procedure

The animals were anesthetized by intramuscular

injection of xylazine and ketamine (1:1) and positioned
on a surgical table. After trichotomy of the head region
and application of a topical iodine antiseptic, a local
anesthetic (0.6 ml of 2% mepivacaine with adrenaline
1:100,000) was administered. A transverse incision in
the skin and subcutaneous tissues was made on the
dorsum of the animals to expose the periosteum of the
skull and access the underlying calvarial bone (Fig. 1).

A 10 mm-diameter and 1 mm-deep bone defect was
made in the calvaria of each animal, using a drill-type
trephine mounted in a straight handpiece coupled to an
electric surgical motor that rotated at 30,000 rpm. The
site was irrigated with sterile saline, to prevent
overheating of the bone margins.

The animals were divided into three experimental
groups, according to the type of material used to fill the
bone defect: test group (n=16; defects filled with
dolomite (Dr. Kanyo®, Maringá, Brazil), previously
autoclaved (1 atm, 121°C for 15 min) and subjected to
toxicological and microbiological examinations, which
were conclusive for lack of heavy metals and
microorganisms; positive control group (n=16; defects
filled with lyophilized inorganic particulate bovine bone
(Consulmat®, São Paulo, Brazil); negative control group
(n=16; defects filled with coagulum taken from the
animals themselves). Immediately after the opening of
the bone defect, the cavities were filled with the
biomaterials (Fig. 1). Next, the periosteum and the edges
of the skin lesion were brought into contact and sutured.

After surgery, the animals were kept in boxes with
food and water available ad libitum, with a 12 h/12 h
light/dark cycle and temperature of 20°C.

After 7, 15, 30, and 60 days, the animals (four at a
time) were killed by anesthetic overdose, and specimens
were collected for radiographic and microscopic
analyses.
Radiographic procedure

The samples of cranial cap containing the defects
were collected, and the bone margin was preserved. A
standard distance of 5.0 cm between the biological
material and the x-ray tube was used. Orthoradial
radiographs were taken using Kodak Ektaspeed®
radiographic film, with an exposure time of 0.4 seconds,
and using the standard developing process. All the
specimens were radiographed. 

The radiographs were scanned in an HP Scanjet
4890 scanner, and the initial and final areas of the
cavities were measured in an image analysis program
(Image-Pro Plus) from the images obtained. The initial
area was established from the defects of the animals of
the coagulum group, at 7 days post-operation, when it
was still possible to observe the initial margin because of
its greater radiopacity in relation to the neoformed bone. 

Next, the mean of the differences between the initial
and final areas in each group was calculated, to
determine the evolution of bone neoformation. The
results were expressed in mm2. The means were
compared statistically by Student’s t test and a value of
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p<0.05 was considered significant.
Histological processing

The specimens were immersed in 10% formaldehyde
solution for 48 h, and then demineralized in Morse
solution (50% formic acid and 20% sodium citrate) for
48 h. After demineralization, each sample was divided in
half along the largest diameter, and each part was
processed for paraffin embedding. Semi-serial sections
of 5 µm were prepared. The slides were then stained
with hematoxylin and eosin (H&E) for histological
evaluation.
Results

Clinical findings

Clinical evaluation of the region at 7, 15, 30 and 60
days after grafting with dolomite, inorganic bovine bone,
or coagulum revealed no redness, swelling, or increase
in temperature.

Radiographic projection 

In the coagulum group, radiographic examination
showed that the 10 mm-diameter surgical cavity
remained unchanged after the 7 and 15 day periods.
Some degree of bone repair at the edge of the cavity was
detected at 30 and 60 days; however, the cavities were
not completely ossified.

The radiographic results for dolomite and bovine
bone were similar to each other. At 7 days, the bone
defect was completely filled by the materials; from the
15th day and subsequently on the 30th and 60th days of
observation, a progressive bone repair could be detected
on the borders and in the center of the cavities, without,
however, complete repair.
Morphometric analysis of neoformed bone 

The periods of 7 and 15 days were excluded from
the morphometric analysis because the dolomite and
bovine-bone groups showed radiopacity, owing to the
non-resorption of these materials.
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Fig. 1. A. Incision in the skin of the dorsum of the animal. B. Retraction of the skin to reveal the calvarial bone. C. Incision and removal of the
periosteum to expose the calvarial bone. D. Circular bone cavity made with a trephine drill. E. Removal of circular portion of calvarial bone to form the
bone cavity. Bone cavities filled with (F) lyophilized particulate inorganic bovine bone, (G) dolomite, and (H) coagulum.



margins of the defect.
On day 7 after the implantation, the bone particles

were surrounded by vascularized and cellularized
connective tissue (Fig. 4A), with fibroblasts, many
macrophages, and neutrophils (Fig. 4B). During this
period, stump bone developed from the margins of the
defect, showing intense osteogenesis (Fig. 4C).

At 15 days, the cell response was increased, with
expanded vascularization. The same cell types were
observed at this time-point as those found on day 7. The
bovine bone fragments were isolated from the rest of the
matrix, which was rich in blood vessels, fibroblasts, and
giant multinucleated cells (Fig. 4D). A few isolated
macrophages and neutrophils were also observed. 

An increase in the deposition of collagen around the
fragments marked an initial tendency for encapsulation
and better organization of repair at this stage (Fig. 4E,F).

After 30 days, with the exception of a few
neutrophils and giant cells with small nuclei that were
elongated and intensely basophilic around the fragment,
no evidence of an inflammatory response was found.
Many fragments appeared to be in the process of
resorption (Fig. 4G).

1550
Dolomite and the repair of bone defects

Fig. 2. Difference between the initial and final areas of bone defect after
30 and 60 days post-operative. Results are expressed as mean ± SEM
(n=4).*: P<0.05 compared to the dolomite and coagulum groups, by
Student’s t test.

Table 1. Percentage reduction of the initial cavity in the calvaria after
placement of the biomaterials.

Groups Cavity reduction (%) 30 days* Cavity reduction (%) 60 days*

Bovine bone 40.76 55.38
Dolomite 28.64 39.80
Coagulum 21.71 29.92

*: Days after the bone cavities were filled with the respective repair
materials

Figure 2 shows the mean area (mm2) occupied by
neoformed bone tissue in the interior of the defect,
expressed as the mean difference between the initial and
final areas. Table 1 shows the percentages of reduction
of the initial cavities in the rat calvaria filled with bovine
bone, dolomite, and coagulum.
Findings from microscopic observation

Experimental group: dolomite 
Dolomite was identified as birefringent microscopic

granules of different sizes (Fig. 3A). At 7 days,
histopathology observations showed that the repair was
invaded by fibroblasts, neutrophils, and isolated
macrophages or giant cells. Many cells, some identified
as neutrophils, showed irregular contours and shrunken,
pyknotic nuclei (Fig. 3B). Large numbers of apoptotic
bodies were seen (Fig. 3C). Blood vessels were
identified only on the periphery of the repair, while the
center, although invaded by cells, was avascular.

At 15 days, the repaired area contained the same cell
types found at 7 days, with a predominance of
macrophages. However, at this stage, the cells with
morphological distortions were concentrated in the
center of the repair, while the periphery was clearly more
cellularized and vascularized. Most of the granules were
surrounded by giant multinuclear cells. In some cases
collagen fibers were deposited around groups of
dolomite phagocyte granules (Fig. 3D). At this time, the
grafted material was isolated by conjunctive tissue that
developed between the growing bone stump and the
graft.

At 30 days, the repair with macrophages, fibroblasts,
and a few neutrophils moved centripetally through the
bone growth. In the periosteum, many dolomite granules
were inserted among the collagen fibers (Fig. 3F). At
this stage, all granules had been engulfed by
macrophages organized in epithelioid cells (Fig. 3G).

From day 15, a gradual increase was evident in the
deposition of collagen fibers in the cellularized matrix
among the dolomite granules. At 30 days, the fibers
were distributed more irregularly (Fig. 5G), but at 60
days they appeared as bands of fibrous connective tissue
arranged parallel to the neoforming bone (Fig. 3H).

Osteogenesis was observed from day 7 onward,
always from the stumps of bone that emerged from the
margins of the cavity (Fig. 3E). No encapsulation of the
granules by neoforming bone was observed. 

Positive control: lyophilized inorganic particulate
bovine bone

Inorganic bovine bone was identified by light
microscopy as acidophilous fragments of various shapes
and sizes (Fig. 4A). During the observation period, these
fragments were resorbed or encapsulated by fibrous
connective tissue, and a smaller portion was
incorporated by the bone tissue that grew from the
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Fig. 3. Defects in
calvaria of rats filled
with dolomite for 7
days (A and B), 15
days (C and D), 30
days (E and F) and
60 days (G and H).
At 7 days the repair
consists of granules
of dolomite
surrounded by
fibroblasts,
neutrophils and
macrophages (A). In
this period pycnotic
nuclei were
observed (arrows)
(B) and apoptotic
bodies (C) are
observed on day 15,
the dolomitic
granules (*) appear
in the repair,
surrounded by
macrophages
organized as
epithelioid cells (D).
There is irregular
deposition of
collagen fibers
(arrow) (D) and a
loose connective
tissue between the
bone defect and
repair (E). At 30
days (F) the
granules (*) are
found in the repair
and among the
collagen fibers of the
periosteum (p) that
cover the newly
formed bone,
surrounded by
epithelioid cells (G).
At 60 days (D) the
granules are more
dispersed,
surrounded by
macrophages and
fibroblast streaks
and collagen fibers
arranged in bundles
(arrow). In this group
osteogenesis (o) is
observed from the
bone defect. H&E
staining.
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Fig. 4. Defects in
calvaria of rats filled
with inorganic bovine
bone for 7 days (A-
C), 15 days (D-F), 30
days (G), and 60
days (H). At 7 days
the repair consists of
fragments of
inorganic bovine
bone (*) surrounded
by inflammatory
infiltrate rich in
neutrophils (A and
detail in B). In A
(arrow) and C there
is a small piece of
bone growing from
the margin of the
defect. Osteogenesis
from the periosteal
side of the bone
piece can be seen.
At 15 days, the
fragments of bone
cells appear
surrounded by a
giant foreign body
(arrow) and
connective tissue
rich in fibroblasts
and collagen fibers
(D-F). At 30 days (G)
there are several
pieces of inorganic
bovine bone in the
process of resorption
(*) and fibrosis is
more evident. At 60
days (H) fragments
(*) incorporated by
the newly formed
bone and others
encapsulated by
fibrous connective
tissue (arrow) are
seen. H&E staining.



At 60 days, an increase in encapsulation by fibrous
connective tissue was observed. The activity of
osteoconductive inorganic bovine bone was detected by
the identification of bone fragments included in the
neoformed bone matrix (Fig. 4H). 

Negative control: coagulum 
In the defect filled with coagulum (negative

control), less inflammation, compatible with the surgical
procedure performed, was observed.

At 15 days the defect was well vascularized (Fig.
5A,B). At 30 and 60 days, the coagulum was replaced by
fibrous connective tissue, vascularized (Fig. 5C,D). 

Discussion

This study assessed the effect of a graft consisting of
a mineral composite of calcium carbonate and
magnesium, known as dolomite, 7, 14, 30, and 60 days
after bone cavities were created experimentally in the
calvaria of rats. 

Dolomite was chosen as a repair material for this
investigation because of its chemical composition, rich
in calcium carbonate and magnesium, minerals that are
important in the formation of inorganic bone matrix that
could hypothetically stimulate osteogenesis. Dolomite
was also chosen because of the alleged anti-
inflammatory and analgesic characteristics that are
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Fig. 5. Defects in calvaria of rats filled with coagulum for 15 days (A and B), 30 days (C), and 60 days (D). On day 15 (A and B) there is deposition of
collagen (arrow) in the repair, which is more evident at 30 days (C) and that appears at 60 days (D) as a fibrotic tissue surrounded by the periosteum
(p). H&E staining.



popularly attributed to this mineral and could play an
important role in the process of bone repair. However, no
existing studies have scientifically demonstrated its
mechanism of action.

Inorganic bovine bone was used as a positive control
because of its osteoconductive properties (Sciadini et al.,
1997), which were confirmed in this study. The
inorganic bovine bone preserves the original architecture
and structural characteristics of the mineral portion of
the bone (Taga et al., 2008). Although coagulum does
not possess osteogenesis activity, it was used as a
negative control because, in the practice of clinical
dental surgery, it is common to fill bone defects with the
patient’s own coagulum, as it acts as a matrix that allows
the migration of osteoprogenitor cells and osteoblasts
preserved at the margins of the defect (Marks and
Odgren, 2002; Mendonça et al., 2008). 

The radiographic findings for the bone defects filled
with bovine bone and dolomite indicated radiopacity at 7
and 15 days, and new bone formation was not observed.
During this period, the negative control showed
radiolucent cavities. However, the histological analysis
revealed the growth of a bone stump from the margins of
the defects during this period in all three groups.

At 30 and 60 days, new bone formation centripetally
from the edges of the cavity was observed radio-
graphically in the defects of all three groups.

The analysis of the area occupied by the neoformed
bone revealed that the defects filled with inorganic
bovine bone showed a significant increase in bone
formation, compared to the dolomite and the coagulum,
so that the percentage of reduction of the cavity was
highest in the bovine-bone group, followed by the
dolomite and coagulum groups, at 30 days (40.76%,
28.64%, and 21.71% respectively) and at 60 days
(55.38%, 39.8%, and 29.94% respectively). These
percentages showed that after 60 days, the repairs filled
with dolomite showed a good percentage of bone
formation (p=0.05) compared to the coagulum. In the
same manner as the bovine bone, the dolomite probably
provided a mechanical stimulus for bone neoformation,
although with the disadvantage of lacking osteo-
conductive activity. Combined with the mechanical
stimulus, the chronic mononuclear response observed in
the dolomite group represents an important source of
growth factors, such as PDGF (platelet derived growth
factor), FGF (fibroblast growth factor), and TGFß
(transforming growth factor ß), which act in bone repair
(Millis, 1999).

In a similar study, Mendonça et al. (2008) reported,
using histological analysis, that total filling of the
cavities of critical size in the calvaria of rats was not
observed nine months after grafts with organic bovine
bone or inorganic material, and attributed the results to
the proliferation of fibroblasts and intense fibrous
connective tissue at the injury site. Connective tissue
from the suture has been shown to affect regeneration
(Bosch et al., 1998). In this study, the skin and
periosteum were sutured and held in place below the

region of the defect so that the sutures would not affect
the repair process. Nevertheless, in all three
experimental groups, synthesis of fibrous connective
tissue occurred, which was organized differently
according to the material used.

In the repair with dolomite, irregular fibrous
connective tissue formed. This tissue was later held in
dense tracks in the middle of the repair, but with no
development of capsules around the granules. The
granules apparently grew smaller with time, but it was
unclear whether they were resorbed.

Many fragments of inorganic bovine bone were
encapsulated by fibrous connective tissue and/or were
partially or completely resorbed. A smaller portion was
incorporated by the bone neoformation, thereby
characterizing the osteoconductive activity of this
biomaterial (Camelo et al., 1998; Lorenzoni et al., 1998;
Margolin et al., 1998; McAllister et al., 1999; Mellonig,
2000). The process of fibrosis has also been described in
bone repairs made with inorganic bovine bone (Bio-
Oss®) in the calvaria of rats (Mendonça et al., 2008),
dental alveoli of dogs (Indovina and Block, 2002), and
tibia of rabbits (Jensen et al., 1996). 

Dolomite is not osteoconductive. In this study, no
dolomite granules were observed to be incorporated into
the bone matrix neoformation. However, the organism
attempted to isolate the dolomite, forming connective
tissue between the defect and the repair.

Thirty days after the inorganic bovine bone was
placed in the defect, the deposition of primary bone
matrix at the interface between the defect and the
encapsulated bone fragment was observed in some
histological sections. Despite this observation, we
hypothesize that this effect was attributable to growth
from the margin of the defect and not to the inorganic
bovine bone, which contains no elements that are
capable of inducing osteogenesis. The coagulum was
completely replaced by fibrous connective tissue in the
negative control group.

The inorganic bovine bone and dolomite were not
completely innocuous. Both induced an acute
polymorphonuclear inflammatory response, although the
effect in the dolomite group was less intense. The high
alkalinity of the environment induced by this mineral
may not favor angiogenesis or more intense migration of
neutrophils to the central region of repair. The presence
of cells with morphological changes typical of damage
and cell death reinforces this hypothesis. 

The macrophages were the cells most involved in the
inflammatory response, and were apparently more
numerous and persistent in the repair of the dolomite
group. In this group, the macrophages acquired a pattern
similar to epithelial cells, referred to as epithelioids. In
contrast, the macrophages that were found around the
bovine-bone fragments showed the morphology of
foreign body giant cells, with nuclei randomly arranged
in the cytoplasm. 

Similarly to bovine bone, dolomite probably
stimulates bone neoformation mechanically, but has the
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disadvantage of not being osteoconductive compared
with bovine bone. Another possibility is that, in addition
to mechanical stimulation, the chronic mononuclear
inflammatory response induced by dolomite could
contribute to the production of growth factors such as
platelet-derived growth factor (PDGF), fibroblast growth
factor (FGF), and transforming growth factor ß (TGF-ß),
all of which affect bone repair (Millis, 1999). 

This study demonstrated that dolomite, compared to
inorganic bovine bone, did not show osteoconductive
activity, but stimulated a less-intense acute inflammatory
response that involved programmed cell death and which
stimulated a chronic inflammatory response through the
phagocytic mononuclear system. The radiographic
analysis showed that the use of dolomite, over the
periods studied, favored the repair process, compared to
the coagulum group. To clarify the fate of dolomite
granules, the inflammatory response, and the effect on
bone repair after 60 days, studies with longer periods of
observation will be required.
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