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ABSTRACT

Purpose: The treatment of fractures involves addressing the biology of fracture repair and the
mechanical stability of fracture fixation. Traditionally it has included the addition of bone graft to
enhance healing. New advances in the understanding of the cellular and molecular mechanisms
of fracture repair have led to the use of growth factors to accelerate bone healing. The aim of this
study was to evaluate the effect of bone marrow aspirate on healing activity of rabbit mandibular
fractures by histological analysis.

Material and Methods :Experimental study was on 30 male rabbits, classified into
Group I, normal control group. Group II, fracture control group formed of 10 rabbits in which
traumatic mandibular fractures were done then fixed through wiring without application of bone
marrow aspirate. Group III (Bone marrow aspirate) formed of 10 rabbits in which traumatic
mandibular fractures were done then fixed through wiring with application of bone marrow aspirate.

Results: Fracture site in bone marrow aspirate group showed peripheral pre-existing bony
plates with formation of callus formed mainly by the more regularly arranged osteoid trabeculae
rimmed by osteoblastic proliferation being more mature towards the periphery and few immature
bony trabeculae

Conclusions : Bone marrow aspirate as source of stem cells seem to be of clinical advantage

in acceleration of bone healing.
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INTRODUCTION osteoprogenitors cells and growth factors that

Application of bone marrow aspirate in contributes to enhancement of healing process:

management of non union or delayed fracture Immediate application of bone marrow concentrate
lines considered recent modality in the field of as a recent tehniques has great benefits in

maxillofacial surgery. This due to containing of regenerative medicine?

* Lecturer of Oral and Maxillofacial Surgery, Faculty of Dentistry, Suez Canal University, Ismalia, Egypt.
** Associate professor of Pharmacology, Faculty of medicine, Suez Canal University, Ismalia, Egypt.



(2248) E.D.J. Vol. 63, No. 3

The enhancement of fracture healing have been
demonstrated by a lot of researchers and a lot of
methods, materials and modalities in order to en-
hance the osteogenic effect in fracture healing.
Treatment of delayed unions and malunions re-
quires restoration of alignment, stable fixation and
in many cases adjunctive measures®.

Recently, the strategy of immediate stem cell
application by transplantation of bone marrow
aspirate concentrate (BMAC) has been applied .
In the other point of views, the ratio of stem cells
in bone marrow aspirates reported by the previous
studies as 0.01% of the nucleated cells®.

Bone marrow aspirate (BMA) has synergistic
effect in the process of bone formation or
osteogenesis, this role related to the composition
of bone marrow aspirate by the combination
of osteoproginator stem cell with endothelial
progenitor cells. This combination act directly on
outcome of bone formation "

Osteogenic methods to enhance fracture healing
include the use of naturally occurring materials,
such as autogenous or allogeneic bone graft or
autogenous bone marrow grafts that have been
shown to induce or support the formation of bone®.

Bone marrow transplant has been shown to
depend on the presence of stem cells, defined as
undifferentiated cells able to divide to produce either
more MSC or other forms of fully differentiated cells
in form of osteoblasts, chondrocytes, adipocytes,
and myoblast. In response to an inducing event,
the stem cell may undergo one or more cycle of
asymmetric cell division 7.

There is rule in treatments of bony fractures
aim to fix the fractured ends together and allow the
osteogenic process of ossification and remodeling
to occur. Recent studies were concentrated on
manipulation of stem cells to demonstrate the effect
on healing of malunion fractures. There are a pool
of bone forming cells exists outside of bone and are
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able to be mobilize during the need of ossification
process as this the role of endocrine body system®.

There was study demonstrated how these bone
marrow osteoprogenitor cells arrive to the area of
bony defect by direct application of bone marrow
cells on bony defects in case series of three patients.
Although this trail study were aimed to reduce the
healing time by direct application of bone marrow
cells into a bony matrix, but there was no control in
this study®.

Osteogenesis process of the fracture healing
start by immediate formation of haematoma at the
fracture sites followed by cytokines release to the
area of fracture. Adjacent to the fracture line, there
will be differentiation of periosteal bone lining
cell into bone formation cells and start of callus
formation. The fracture gap filled with immature
woven bone that is remodeled over time to more
formation of sound lamellar bone*1V,

Osteoblasts cells as cell of bone formatting
cell, has the high majorities of investigations on
bone regeneration. As this cell during its devel-
opment it was developed from mesenchmal stem
cells(MSC). These MSC are multipotent cells with
the capacity to differentiate into other cell types in-
cluding chondrocytes,myoctes and CT fibroblasts.
MSC found to be persist in bone marrow with ra-
tio 1/100,1000 and found in other locations as liver,
spleen and placenta®? .

The aim of this study was to evaluate the effect
of bone marrow aspirate on healing activity of
mandibular fractures by histological analysis.

MATERIALS AND METHODS:

30 adult male White New Zealand rabbits with
age range 7 to 9 months and body weight about 3.5
to Skg were included in this study. Each rabbit was
be housed individually with free access to a standard
rabbit pellet diet and water. The rabbits were kept
in a dedicated animal house under veterinary
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supervision. The housing room at Laboratory
Animal Unit of Faculty of Medicine, Suez Canal
University.

Rabbit grouping: 30 male rabbits, classified
into

Group I, normal control group formed of 10
rabbits .

Group II, fracture control group formed of 10
rabbits in which traumatic mandibular fractures
were done then fixed through wiring without appli-
cation of bone marrow aspirate.

Group III (Bone marrow aspirate ) formed of
10 rabbits in which traumatic mandibular fractures
were done then fixed through wiring with applica-
tion of bone marrow aspirate.

Surgical procedure:

General anesthesia was provided using ketamine
hydrochloride. The animals were anaesthetized by
intramuscular injections of 30 mg /kg ketamine
(Novartis, Basel, Switzerland) and 5 mg/kg xylazine
(Xyla- Ject 20 mg xylazine base/ml). Preoperatively,
intramuscular injection of 30 mg /kg of long acting
oxytetracycline (Troy Laboratories Pty Limited,
Glendenning, NSW, Australia) and 1.5 mg /kg of
diclofenec sodium ( Novartis, Basel, Switzerland)
were injected.

Bone marrow aspirate (BMA) biopsy:

BMA was done using aspirating needle technique
from both tibias of rabbit. The inner surface of a
spinal needle and 10 ml syringes were coated with
heparin of 1000U/ml, as the biopsies were sended
to laboratory for the following centrifugation steps
Bone marrow aspiration was carried out according
to Kim et al":

1. With sterile conditions, bone marrow aspirate
was diluted at a ratio of 2:1 with calcium mag-
nesium free phosphate-buffered saline .
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2. BMA become centrifuged at 2,000 rpm for 20
min at 20 _C in a swinging-bucket rotor without
brake.

3. The mononuclear cells were separated from the
interface at the top of the Ficoll-Hypaque layer
and were with concentrated to be transferred to
a new sterile conical falcon tube containing 20
ml Eagle’s medium for centrifugation at 1000
rpm for 10 min .

4. The adherence of cells as well as their growth
was carefully monitored, and nonadherent cells
were removed from culture after 2e3 days by a
series of medium changes.

5. Adherent cells were expanded as monolayer
cultures in a 5% CO2/95% air atmosphere at 37
_C with medium changes every 2e3 days until
they reached approximately 70%e80%.

Mandibular fractures and application of BMA :
Fig (1)

e After skin preparation and disinfection, 1 cm
longitudinal incisions was done below the lower
edge of right mandibular body to angle of rabbit
followed by blunt dissection of the subcutane-
ous tissue.

e The platysma was incised and carefully re-
tracted followed by supraperiosteal dissection,
elevating the buccinator muscle and exposing
of the periosteum were incised and reflected to
complete exposure the surgical site.

e Traumatic mandibular fracture were done at the
mandibular body of all rabbits with aids of sur-
gical osteotome. Complete mobilization of the
two fragments followed by stainless steel wiring
as a method of fixation were be done. Applica-
tion of BMA biopsy for group III to fill over the
fracture site followed by complete closure with
vicryle 3/0 in layers.
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Postoperative:

* Postoperative daily injections of 1.5mg / kg of
diclofenac sodium and 15 mg / kg of oxytetra-
cycline was administrated for 3 days, and the
animals will be observed for any signs of infec-
tions or wound dehiscence.

* Four weeks after bone marrow aspirate treat-
ment, rabbits in all groups were sacrificed and
tissues were separated and fixed in a 10% phos-
phate-buffered paraformaldehyde solution. Tis-
sues were dehydrated, embedded in paraffin and
sectioned at 4-um and stained with hematoxylin
and eosin (H&E).

* Then specimens were examined blindly under
a light microscope and the degree of fracture
repair was graded as: 4- complete bony union;
3- the bony union was less than complete due
to the presence of a small amount of cartilage
in the callus; 2 complete cartilaginous union; 1-
retention of fibrous elements in the cartilaginous
plate; O-formation of a pseudo arthrosis (Allen
et al, 1980)"9,

Results were collected and expressed as Mean
+ SD. Results were analyzed using the statistical
package for the social sciences, version 20 (SPSS
Software, SPSS Inc., Chicago, USA). One-way
analysis of variance (ANOVA) followed by Duncan’s
post-hoc test were used to test the significance of the
difference between quantitative variables. P value <
0.05 was considered to be statistically significant.
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RESULTS

The aim of this study was to evaluate the effect
of bone marrow aspirate on healing activity of man-
dibular fractures by histological analysis. 30 adult
male White New Zealand rabbits classified into
Group I, normal control group formed of 10 rabbits
. Group II, fracture control group formed of 10 rab-
bits in which traumatic mandibular fractures were
done then fixed through wiring without application
of bone marrow aspirate. Group III ( Bone marrow
aspirate ) formed of 10 rabbits in which traumatic
mandibular fractures were done then fixed through
wiring with application of bone marrow aspirate.

The histopathological picture of the fracture
specimens from the experimental groups stained
with hematoxylin & eosin (H&E) are demonstrated
as in section (A) Fig (2) in which the normal
control groups. Section B_FIG (3) for in fracture
site showed peripheral pre-existing bone at edges of
fracture and central loose fibrous tissue infiltrated
by few inflammatory cells and many proliferating
fibroblasts, which show entrapped devitalized
bony spicules (deep basophilic ) from the fracture,
peripheral areas also showed osteoblastic rimming.
And section (C) FIG (4) Fracture site in bone
marrow aspirate group showed peripheral pre-
existing bony plates with formation of callus formed
mainly by the more regularly arranged osteoid
trabeculae rimmed by osteoblastic proliferation
being more mature towards the periphery and few
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Fig. (1) Mandibular fracture with blunt dissection

Fig. (2) Histological cross section A
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Fig. (3) Histological cross section B

immature trabeculae centrally intervened by spaces
in-between trabeculae showed blood elements
of early marrow formation, no fibrous elements
(H & E 400 x)

The histopathological scores in the experimental
groups. Values are expressed as mean +S.D. (n=10),
analyzed by one-way ANOVA followed by Duncan
multiple comparisons test."* P < 0.05." Compared
with normal control group, *Compared with fracture
control group as in the following graph (1):
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Graph (1): Histopathological scores in the experimental
groups

Fig. (4) Histological cross section C

DISCUSSION

In this study rabbit models were used to study
the osteogenic effect of bone marrow aspirate on
healing process of mandibular fractures. This was
done through application of bone marrow aspirate
on fracture lines that were unilaterally for group II
and group III .

This fracture lines were created unilaterally at the
right region of rabbit mandible. Unlike the bilateral
defects that demonstrated in the study by Lu and
Rapie",2003. This idea of unilateral fracture lines
to evaluate the normal control group to differentiate
histologically.

This study was concentrated to follow up rabbits
till period of 12 weeks as this time was satisfy to
investigate the depth of osteogenic effect of bone
formation. This was in agreement of Milaro et al'?,
2010 who evaluate the effect of PRP on critical
defect in the rabbit models till 3 months .This study
by Milaro et al’®, 2010 suggested that, there will
be positive outcome from the effect of PRP appear
at 2 week period. On the other hand, the study
demonstrated by Bruttil et al'”, 2012 clarify that,
the osteogenic effect on mandibular rabbits should
be evaluated exceeding the period of 3 months.

In this study, by examination of bone marrow
aspirate rabbit group III (study group) there were
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in the fracture site showed peripheral pre-existing
bony plates with formation of callus formed mainly
by the more regularly arranged osteoid trabeculae
rimmed by osteoblastic proliferation being more
mature towards the periphery . This in agreement of
the previous studies that demonstrated respectively,
as initial vascular invasion of bone healing in rabbits
occur on day 5 and full calcifications with complete
bone healing occur within 20 day and 40 day “®.

In this study, the histological evaluation of the
experimental mandibular defects demonstrated that,
there were high capacity for bone formation in the
group III ( study group (. From this point of view,
we be able to clarify the effect of bone marrow
aspirate on healing process of mandibular fracture.
This osteogenic effects of bone marrow aspirate,
were found in the study group with high rate from
beginning as these finding were in agreement of the
study by Kon et al™, 2000.

Our study demonstrated, there was regenerated
formed bone the group II that show gradual increase
in bone volume in histopathological score, but
with less than in the study group with high ratio. In
histological examination, there were cartilaginous
remnants found in group II with increase the
fibrous matrix. Where in examination of group III
there were increase in size of homogensity of bony
arranged osteoid trabeculae.

In this study histopathological score between
group II and III as analyzed by one-way ANOVA
followed by Duncan multiple comparisons test. P
< 0.05." Compared with normal control group, *
Compared with fracture control group. This increase
in regeneration process of mandibular fractures in
the study group, may be attributed to the effect of
bone marrow aspirate as a source of mesenchymal
stem cells and this become in agreement with Jiang
et al®” 2010 and Udehiya et al®? 2013, who carified
this effect of conversion of MSC to osteoblasts as
bony formed cells

Abdelbadia A. Abdelmabood and Mona Kamel Tawfic

CONCLUSIONS

Bone marrow as a source of mesenchymal stem
cell, has the capacity to increase the osteogenic
with benefits
mandibular fracture in rabbits.

process in healing process in
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