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ORGANIC AND INORGANIC BONE GRAFT USE IN
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SUMMARY

Study carried out with the purpose of evaluating the outcomes of
rabbits’ radius fracture unions by using both organic and mineral
bone grafts. For the study, 20 adult animals, both males and
females, weighing around 3.0 and 3.5 kg, sourced by Maranhao
State University Animal Lab were employed. The animals were
divided into two similar groups and subjected to a simple complete
transverse osteotomy on the right radius diaphysis, with 1 cm of
bone fragment being removed. In group | (G1), an organic bone
fragment from the iliac wing of the same animal was placed at
the osteotomy site; in group Il (G2), an Osteosynt inorganic bone
graft, composed by synthetic hydroxyapatite and calcium phos-

INTRODUCTION

The purpose of treating a fracture is to obtain a fast bone union,
preserving the normal function of joints and surrounding soft tis-
sues. A fracture repair involves a sequence of cellular events
that evolve, since the very aggression, to hematoma formation,
the beginning of a plastic callus, as well as its organization and
remodeling. Some fractures’ union occur appropriately after the
proper use of a given stabilization method, but others result in
delayed repair or non-union.

Many factors are important in order to be successful in repairing
fractures; among those factors we can mention the biomechanical
factors (excessive movements in the fracture core), anatomical
factors (age, deficient vascularization, diastasis, infection, and
others) and metabolic factors (nutrition).

It is notorious that, in order to have union, a local bone continuity
is essential; the use of bone grafts, which was introduced in the
beginning of the 20th Century in surgical practice, has brought
subsides to the union of comminute fractures or fractures with
large defects, promoting the formation of an early callus through
a process called invasive replacement associated to osteoinduc-
tion process®9.

Bone grafts can be classified according to their respective origins
as autogenous and heterologous; according to their type as corti-

phate was placed. The groups were subdivided into 5 periods
(P15 = 15 days, P30 = 30 days, P45 = 45 days, P60 = 60 days,
P75 = 75 days) for evaluating x-ray and histological aspects of
the osteotomy site (surgical fracture) aiming to check local bone
union process. X-ray studies showed that G2 developed a faster
repair process in all observation periods when compared to G1.
This fact was confirmed by histological evaluation. We conclude
that the inorganic bone graft may be routinely used in orthopaedic
surgery, providing an early bone healing.
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cal, spongy or cortical-spongy, and; according to their composition
as organic and inorganic®. Many times, the removal of an autog-
enous graft may lead to serious sequels to the patient, such as
local pain, infection, in addition to extending the surgical time and
increasing costs. The use of synthetic biomaterials has become
increasingly important nowadays, since they are biocompatible,
easy to apply and to store®.

The biological properties of the synthetic hydroxyapatite are well
documented in literature, and it has been used for correcting bone
defects in human beings and in other species®’89 with results
good enough for indicating it as an alternative for bone graft in
clinical practice.

This study has the objective to compare the use of an organic
bone graft to an inorganic bone graft in the process of fracture
repair in rabbits.

MATERIALS AND METHODS

Twenty adult, male and female New Zealand’s rabbits weighting
between 3.0 and 3.5 kg sourced by the UEMA Animal Lab were
used and divided into 2 groups with 10 animals each being kept
in separate cages and feed with balanced ration once a day and
with water ad libitum. The animals were submitted to intravenous
anesthesia with acepromazine 0.2% (at a dosage of 0.1 mg/kg),
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and 15 minutes later, 0.5ml/kg of an equal-portions mixture of
ketamine (vetanarcol 5%) and xylazine hydrochloride (kensol 2%)
were administered by intramuscular-deep via.

After the trichotomy of the anterior right limb, the skin antisepsis by
rubbing with degerming polypyrrolidone diluted in saline solution
was performed. All animals were submitted to a total simple surgi-
cal fracture at the diaphysis of the right radium (FIG1) removing
a periosteal bone segment across its diameter with 1 cm long,
by using a low-speed drill attached to a cutting disc. The same
anti-inflammatory agent was used in both groups - subcutaneous
ketoprofen at a dosage of 2mg/kg, once a day, during three days.
The entire procedure was performed at UEMA.

In the first group (G1), fragments of organic graft were placed over
the fracture core, which were removed from a dorsally addressed
iliac wing, according to the technique by Bojrabt?.

In the second group (G2), the procedure was repeated by plac-
ing an inorganic graft composed by calcium triphosphate and
hydroxyapatite - Osteosynt. This graft was provided by the Or-
thopaedics and Traumatology Institute of Rio Grande do Norte
(ITORN); the granules of the product were mixed to the clean
blood (without debris or clogs) and placed at the osteotomy site,
avoiding missed areas formation.

Surgical wounds were sutured with needled Nylon 3-0 and pro-
tected with dry and sterilized bandages with nitrofurazone solution,
which were removed 96 hours later. Assessed limbs in both groups
were immobilized with polyvinyl chloride (PVC) splints.

Each group was divided into periods, aiming a better radiographic
and histological evaluation, as follows: P15= 15 days after sur-
gery, P30= 30 days, P 45= 45 days, P60= 60 days, and P75=
75 days postoperatively.

In each period, the animals were submitted to radiographic analy-
sis, taking into consideration time and intensity of the periosteal
reaction, presence of a bone bridge and of a radiolucent line be-
tween fragments. X-rays were performed at UEMA with a radiologi-
cal technique of 40 kVp (kilovolts) and 0.5 mAs (milliampere); they
were subsequently sent to ITORN for analysis, where examiners
were not aware of which group that X-Ray picture belonged to.
After being evaluated, both animal groups were sacrificed, with
the authoriza-

ger than the piece, with fluid being replaced at a daily basis, until
tissue got soft, within 2 or 3 days in average.

After total decalcification, fragments were treated with 5%-sodium
sulphate solution for 1 hour and rinsed in tap water for 30 minutes.
They were then included in paraffin and cut at the microtome at
5 mm, being stained by the technique hematoxilin-eosin and
observed at the optical microscope aiming to compare the neo-
formation of fibrous, cartilaginous tissues, and young bone during
the bone healing process.

Descriptive and comparative evaluations were performed using
radiographic and histological examinations at the end of each pe-
riod for determining the best grafting method for fracture union.

RESULTS

In the sequential x-ray evaluations, it was seen that both groups
concluded the bone repairing process, with the group in which
the inorganic graft was placed - Group Il - presenting a faster
recovery and a shorter evolution time.

In the analysis of the four parameters: periosteal reaction, bone
bridge formation, presence of fracture trace and bone callus for-
mation, Gll showed a better evolution regarding union process.

Periosteal reaction was graded as slight (+) to moderate (++);
bone bridge was evaluated by the presence of bone fragment
joining fractured ends.

Table 1 represents the comparative radiological evaluation of the
groups in percentages.

The histological study presented the following evolution: At P15,
group-ll animals presented a chondrocytes hypertrophy layer, and,
in some regions, an organic matrix deposit (osteoid) was seen
as fine trabecules, indicating a more advanced repair phase than
GI's animals."" (Figures 1 and 2)

At P30, the fracture cores on Gl's animals showed cartilaginous

cells hyperplasia, while GlI’s animals showed maturation of the

gaps and the beginning of lamellar organization of the second-

ary bone.

At P45 while there were few evidences of primary bone in GlI,
group | was

tion by the Com- h to be at
mittee on Ethics Periosteal Bone Bridge Fracture Line Bone Callus tsheo \Ag;g?m?nz
at UEMA, with Reaction Formation Formation of endochon-
fractured radius 15 days GI ?5% ("'); 25% (“"") 12,5% 100% \'ﬂda - dral ossifica-
being removed, : tion process.
. . +); ++ :
in all periods 15 days Gll  60% (+); 40% (++) 50% 90% wide After 60 days,
of the study, 30 days GI  50% (+); 50% (++) 83..3% 16.6% reduced - bone tissue
for histologi- in group I,
cal evaluation. 30 days GlI 50% (+); 37.5% 100% 87.5% reduced 12.5% although fill-
Bone tissue was (++); 12.5% (+++) ing fracture
preparec WiN 2 45 days Gl 100% (+) Formed  100% reduced . site, was not
ecalcification organized in
. ) 45 days GlI 16.6% (+) 100% 50% 66.6%
technique, be di - terms of ama-
ing initially fixed 1SAPReATINgG ture lamellar
in formol 10% 60 days GI  50% (+); 50% (++) Formed 50% 25% structure (Fig-
during 12 to 24 disappearing ure 3); in Gll,
hours, placed 60 days Gl 25% (++) = 25% of fracture 75% signs of bone
in decalcifying union remodeling
fluid (1ml of 75 days Gl " - 50% 50% can be seen
concentrated disappearing (Figure 4).
nitric acid, 99ml 75 days GlI - - 100% of 100%
distilled water) fracture union At P75 a preva-
with a volume lence of lamel-

100 times big-
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Table 1 - Table showing radiographic occurrences at P'; P?; P%; P*; P°.

lar bone was
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seen with a small cartilage
layer in group II, while in
Gl, the animals exhibited
a reasonable amount of
immature bone tissue
(Figures 5 and 6).

DISCUSSION

The search for materi-
als whose components
could function as bone
substitutes has emerged
inthe 1970 decade. Since
then, the number of re-
searches and studies in
this field has substantially
increased.

In this study, the radio-
graphic follow-up showed
that, after 15 days, bone
repair process had al-
ready been started; this
finding is in accordance to
Piermattei and Flo("? when
referring to bone grafts as
a way to stimulate a fast
beginning and formation
of a bone bridge. How-
ever, we can see that a
higher number of animals
in Gll presented a faster
beginning of bone bridge
formation; this fact can
be justified by the use of
a synthetic chemical sub-
stance, which, according
to Franco® allows for a
fast osteogenesis and
osteoconduction.

Pettis et al.!® |, in studies
on periodontal defects in
humans, have found, after
30 days, results similar

The chart below exemplifies the radiographic evolution of the groups.

Group |

P75

Group Il

P15

P75

study, with the presence of
bone bridge formation in
all patients with inorganic
graft.

The evolution of bone cal-
lus formation happens in
the following periods: P45,
P60 and P75, with a better
performance at fracture
cores in Gll, when com-
pared to GI. This finding
is in accordance to those
reported by Borges!™ when
studying the effects of hy-
droxyapatite in the bone
repair of tibial provoked
defects in dogs.

The histological events seen
for Gl at subsequent peri-
ods showed a better devel-
opment of callus formation,
and also the presence of
bone remodeling process;
those findings have not
been evidenced in Gl. This
outcome seen in Gll can be
a result of the behavior of
the chemical material used
in the study, which means,
according to Chang®, that
bone formation depends on
the contact of the materials
with the periosteum, endos-
teum, and medullary cavity.
The inorganic grafts showed
amarked bone growth in the
process of fracture repair
presenting bone tissue loss.
However, it is important to
emphasize that osteopro-
genitor cells and inductive
factors are essentially re-
sponsible for a good bone

Chart 1 - Radiographic evolution between the groups. Medium-lateral X-Ray
of the anterior right limb.

to those reported in this repair process course.

Figure 1 - Photomicrography of the fracture site, animal from group
1 (15 days). Cartilaginous tissue formation (arrow) is evidenced with
absence of chondrocytes hypertrophy. Hematoxilin- Eosin (20 Mm)

Figure 2 - Photomicrography of the fracture site, animal from group Il
chondrocytes hypertrophy (arrow) and osteoid deposit (arrow end).
Hematoxilin- Eosin (20 Mm)
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Figure 3 - Photomicrography of the fracture site, animal from group |
(60 days), prevalence of primary bone. Hematoxilin- Eosin (5 Mm).

Figure 5 - Photomicrography of the fracture site, animal from group |
(75 days), prevalence of primary bone at central region. Peripherally,
osteon formation is seen (arrow). Hematoxilin- Eosin (5 Mm).

CONCLUSIONS

By the present study, we can conclude that the inorganic graft
stimulates the early beginning of bone repair process in rabbits
when compared to the organic graft, and the radiographic and
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practice for repairing fractures needs to be further studied, but
this can be a feasible alternative in the future.
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