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This project evaluated the effects of nano magnesium oxide versus platelets rich fibrin
on induced radial fracture bone healing. Eighteen males and non-pregnant females of adult
local stray dogs, weighing 17.6+0.8 kg and aged 2.0£0.1 years, were used. These trials
animals were randomly divided into three groups of equal numbers. In the first group,

Keywords: control group (C), a transverse radial fracture was induced then immobilized by external
E;%ture fixation as gypsum. In this group, the fracture line was not treated with any bioactive
Radial bone material. In the second group, platelets rich fibrin group (PRF), the fracture line was treated
PRF by adding platelets rich fibrin. In the third group, nano magnesium oxide (NMO), the
NMO fracture line was treated by adding a suspension of nano magnesium oxide. The radiographic
Correspondence: r_esults shoyved that the f_ractured_bone healing was faster in the second group than in Fhe
M.G. Thanoon first and third groups, while the third group was better than the first group. The concentration

rates of serum calcium and alkaline phosphatase were increased in the weeks followed the
surgical operation. Depending on the radiographic pictures and serial rates of alkaline
phosphatase, the second PRF and the third NMO groups were the better-fractured bone
healing than the first one. In conclusion, this study revealed that using each platelets rich
fibrin and nano magnesium oxide enhanced and improved the healing of the induced radial
fracture.
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Introduction significant part of the forearm area, where the heaviest

weight falls on it. Therefore, it is the bone most susceptible

Claudication in dogs is a widespread injury, and it can be
defined as abnormal posture or walking resulting from a
defect or disorder in the formation of the skeleton or
impairment of the locomotor system. Among the leading
causes of lameness in animals, especially dogs are congenital
anomalies, accidental traffic or falls from high places, and
fighting with other animals or gunshots and explosions.
Locomotor disorders are considered among the most
common causes leading to lameness in dogs (1).
Antebrachium fractures, including the radius and ulna bones,
are the third most public fracture in dogs, accounting for
approximately 17% of all fractures afflict, and the
Pomeranian dogs are more likely to suffer forearm fractures
(2). This relatively high rate of fracture occurrence,
especially for radius, is because it represents the most
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to fractures than the rest of the forelimb bones (3). Another
fact about the radius fracture is that it represents long bones
fractures that often take a long time to heal compared to the
rest of body bones due to the lack of good blood supply and
the shortage of dense connective tissue. Therefore, the delay
in healing or failure is the common and most expected result
(4). Fracture bone healing is a rare regenerative process that
leads to the complete restoration of the fractured bone to its
normal shape and function. The healing of the fractured bone
is a complex process consisting of multiple and sequential
stages and requires a coordinated interaction between the
different cells, growth factors, and cytokines with the
availability and appropriate mechanical conditions
surrounding the fracture (5). The term nanomaterial
technology was first used in the middle of the last century in
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1959. Nanomaterial technology has become one of the most
prominent techniques used in various engineering and life
disciplines. Nanotechnology is the technology that deals
with materials at the level of atoms and molecules within the
range of the nanometer scale. Nanomaterials have many
unique properties compared to conventional materials,
including their possession of a much larger surface area than
their size (6,7). Nanomaterials have been applied and
introduced in many research disciplines, including
biomedical sciences, where the nanomaterials simulated
natural tissues by providing the appropriate extracellular
environment for cells to survive and grow within the
material. There was a great need to use nanomaterials
suitable for repairing major defects in fractured bones (8).
For many years, Magnesium oxide (MgO) of different
weight fractions has been broadly used as a bioactive
material for orthopedic implantation due to its excellent
biocompatibility, superior mechanical strength, and ability to
improve bone density (9). Besides, fracture toughness
improves up to 50% with using of nano MgO particles
(10,11). Other researchers found that using MgO will hasten
bone formation by stimulating more active osteogenesis in
vivo osteocalcin and type | collagen synthesis (12).
Magnesium is considered a biocompatible, low-cost mineral
and is naturally present in the body tissue, approximately 1%
of the bone mass. In the field of orthopedics, magnesium
alloys have been extensively studied. It has been proven that
magnesium promotes and accelerates bone growth as it
enhances and accelerates the effectiveness of osteoblasts and
its indirect effect on mineral metabolism by activating
alkaline phosphatase. It also shows a substantial role in
modulating the functions of cells by making them tend to
adhesion, proliferation, and migration. The magnesium is
biodegradable quickly in the body and releases hydrogen
gas, which will change the microenvironment in body fluids
to either acidic or alkaline. With regard to nano-MgO, which
is dispersed in a polymer, can release magnesium ions slowly
to promote the formation of bone tissue and avoid the
adverse reaction that harms the body's cells (13). The
beneficial influence of MgO could also help prevent
orthopedic and dental infections due to its antimicrobial (14).
Platelet-rich fibrin (PRF) is the second generation of
concentrated platelets because the first generation is platelet-
rich plasma. The concentrated platelets of platelet-rich fibrin
are founded in the complex fibrin matrix (15). Platelet-rich
fibrin has many biological benefits, as it is used to enhance
the healing process of soft and hard tissues and a scaffold to
bridge cavities and defects of soft and hard tissues, such as
accelerate the fractured bone healing (16). The beneficial
influences of platelet-rich fibrin RPF for osseous
regeneration, especially the early beginning of trabecular
bone formation, and the elevation in bone mineral density
and volume make it considered a new novel tool (17). The
therapeutic properties of this relatively recent biotechnology
have been used extensively to hasten soft tissue and bone
healing for many different fields, especially sport medicine
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and orthopedics. The secret behind its importance is because
of its ability to ongoing locally and regularly providing of a
wide range of growth factors, cytokines, and proteins that
mimic reparative tissue process (18), that when used for the
treatment of bone defects, improves bone mineral density,
bone formation and even bone volume (19).

Materials and methods

This study used 18 animals weighing 17.6 £0.8 kg and
aged 2.08 +0.13 years of both male and nonpregnant female
stray dogs, which were healthy. These animals were kept in
the animals' husbandry belongs to Veterinary Medicine
College, University of Mosul, under the same feeding and
management conditions. All dogs were treated against
internal and external parasites using lvermectin 1% at a dose
of 0.2-0.4 mg/kg BW subcutaneously and repeated after 14
days before surgical intervention. The trial animals were
randomly distributed into three groups of equal numbers.
The first one is the control group (C), while the second is
platelets rich fibrin group (PRF), and the third is the nano
magnesium oxide group (NMO). Before the surgery, the
experimental animal starved for 24 hours, and the water was
free access.

The surgical operations were performed under general
anesthesia, by intramuscular injection of Ketamine
hydrochloride 10% at a dose 15 mg/kg BW mixed with
Xylazine hydrochloride 2% at a dose 5 mg/kg BW preceded
about 10 minutes by intramuscular injection of Atropine
sulfate 1% at a dose 0.04 mg/kg BW. Under the aseptic
surgical technique, all trial animals underwent transverse
radial fracture using a wire saw, then immobilized this
fractured bone by external fixation using Plaster of Paris. In
the first group (C), no adding any substance to the fracture
line, while in the second group (PRF) adding the platelet-rich
fibrin which was prepared previously from the same animal,
finally the third group (NMO), the fracture line was treated
with 20ug suspension of nano magnesium oxide. The
platelet-rich fibrin was prepared immediately before the
surgical operation by drawing 10 ml of whole blood from the
cephalic vein of the same surgical operated animal, then
centrifugation of this fresh blood without anticoagulants at
3000 rpm for 10 minutes. After centrifugation, we got a tube
of three distinct layers. The top layer was the poor platelets
plasma, while the middle one was the platelets rich in fibrin
separated by surgical scissors from the bottom layer of red
blood cells (Figure 1) (20). This study used magnesium
oxide nanopowder 99% of average particle size (APS) 20nm
with specific surface area (SSA) 60 m?/g from US research
nanomaterials, Inc. The radial fracture line of the third group
(NMO) was treated with 20ug of nano magnesium oxide
suspension, which was prepared by weighing 100ug of
magnesium oxide nanopowder then dissolved in 10 ml of
distilled water after that taken 2 ml of this suspension to add
on the fracture line.
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Figure 1: Shows platelets rich fibrin preparation. A: The
completed centrifuged test tube showing its three distinct
layers, the uppermost layer is poor platelets plasma, the
medium layer is the PRF, while the lowermost one is the red
blood cells. B: Extraction of PRF from the centrifuged test
tube by surgical forceps following detaching PRF layer from
bottom RBC layer by surgical scissors.

Post-operative care; for five successive days,
intramuscular administration of penicillin-streptomycin at a
dose of 10000 1U, 20 mg/kg BW, was applied respectively
and a daily wound dressing. The thread stitches were
removed at 10-12 days following the operation. Daily
physical examination of all experimental animals for two
weeks, then weekly tills at the end of experimental study
(follow up ten weeks). The radiological investigation of
fractured bone immediately started by taking a plain
radiographic image following surgery to ensure both
fractured ends were aligned. A follow-up x-ray examination
was performed every two weeks until the end of the study.

The whole calcium and alkaline phosphatase enzyme
levels were measured by the colorimetric method by using a
Calcium 3L79 kit from Abbott GmbH & Co. KG for calcium
and a (Cobas®) kit from Roche Company for alkaline
phosphatase enzyme. Blood samples were collected at zero
earlier to surgery, then at 2, 4, 6, 8 weeks following operation
from all experimental animals. Sigma Stat (Jandel scientific
software V3.1), at a level of probability less than 0.05 (P
<0.05), was used for statistical analysis of our results data.

Results

All experimental animals showed partial loss of appetite
post-operatively, then the normal appetite for food had
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returned after 3-4 days of surgery. The external wound of the
fractured limb was healed in 8-10 days after the operation,
without any serious complications, just slight redness and
swelling, which retarded after 3-4 days. All trial animals
looked like a limp after surgical operation by lifting the
fractured limb from the second day till the first week post-
surgical operation. The claudication was evident in animals
of the first group until the third week post-operation, but the
lameness in the third group was less apparent at the end of
week two after the operation. In contrast, the animals of the
PRF group exhibited an ability to bear their body weight on
the fractured extremity at the end of week three following the
operation.

The biochemical markers outcomes indicated an
elevation in total serum calcium and alkaline phosphatase
concentration levels at the weeks following surgery. These
outcomes with their statistical analysis are summarized in
table 1 for calcium rates and table 2 for alkaline phosphatase.
The radiographical pictures that showed and confirmed the
fracture healing process was faster and much better in the
second group incomparable comparison to the first and third
groups. The findings of radiographical data for the three
groups are displayed in table 3.

Table 1: Mean of calcium concentration levels (mg/dL) with
its statistical analysis in the three experimental main groups

Time C group PRF group NMO group
ow 10.6+0.22 10.8+0.12 10.7+0.28
2W 11.2+0.32 12.5+0.3° 11.8+0.3°
4W 11.7+0.28 12.7+0.2° 12.6+0.2¢
6WwW 11.4+0.28 12.0+0.28 11.9+0.28
8W 11.5+0.28 11.6+0.12 11.1+0.18

The symbol OW represents the time before the surgical
operation, and the symbols 2W, 4W, 6W, and 8W represent
the weeks following surgery. The different small letters (a-
¢) show the significant difference between the three
experimental groups (P<0.05).

Table 2: Mean of alkaline phosphatase concentration (U/dL)
with its statistical analysis at the three main experimental
groups

Time C group PRF group NMO group
ow 19.3+0.52 18.6+0.6° 20.1+0.62
2W 19.3+0.32 23.1+1.1° 20.6+0.82
4W 20.4+0.52 26.5+0.6° 21.9+1.0¢
6w 23.8+0.62 30.5+0.9° 27.7+0.9°
8W 21.9+0.9° 28.4+0.9° 24.4+1.5°

The symbol OW represents the time before the surgical
operation, and the symbol 2W, 4W, 6W, and 8W represents
the time in weeks following the surgical operation. The
different small letters (a-c) indicate the significant difference
between the three groups (P<0.05).
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Table 3: Shows x-ray finding of first group C, second group PRF, and third group NMO

Week C group PRF group NMO group
There is no evidence of periosteal There is some periosteum reaction- There is a slight periosteum
2 reaction-clear fracture line clear fracture line reaction-a clear fracture line
(Figure 2-C) (Figure 2-PRF) (Figure 2-NMO)
There is some periosteum reaction An increase in callus mass There is evidence of callus
4 with little callus formation-clear formation and a partially crossed formation with started to bridge
fracture Line fracture line. The fracture line is less fracture line. The fracture line is
(Figure 3-C) pronounced (Figure 3-PRF) semi-clear (Figure 3-NMO)
An elevation in callus size formation 'I_'he callus_formatlon increased in The callus formation increased in
. . . . size and bridged more than half of : . .
with partial bridged the fracture line. - . size and partially bridged the
6 o ; the fracture line. The fracture line . T
The fracture line is semi-clear partially disappeared fracture line. The fracture line is less
(Figure 4-C) (Figure 4-PRF) noticeable (Figure 4-NMO)
A growing callus formation around The fractured bone has become The shape of the fractured bone
8 the fracture site with a bridged nearly normal shape, with a drop-in became semi-normal, with a small
fracture line. The fracture line callus mass around the fracture site callus around the fracture site
partially disappeared (Figure 5-C) (Figure 5-PRF) (Figure 5-NMO)
The fractured bone looked like a .
) . The fractured bone is nearly normal
standard shape. The fracture line The fractured bone seems normal in . .
10 shaped with very little callus at the

disappeared with little callus around
the fracture site (Figure 6-C)

shape (Figure 6-PRF)

fracture site (Figure 6-NMO)

|

Figure 2: Radiographic picture of dog fractured radius bone
at the second week after the operation. There is no evidence
of periosteal reaction (arrow) in the first group (C), while
there is some periosteum reaction (arrows) in the second
group (PRF) and less than it in the third group (NMO). The
fracture line is evident in all experimental groups.
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Figure 3: Radiographic picture of dog fractured radius bone
at the fourth week following surgery. The periosteum in the
second group (PRF) started to bridge fracture line (arrow),
there is evidence of periosteal reaction (arrow) in the third
group (NMO), while in the first group (C), there is some
periosteum reaction (arrow). The fracture line is semi-clear
in all experimental groups.
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Figure 4: Radiographic picture of dog fractured radius bone
at the sixth week following surgery. In the first group (C),
the callus formation started to bridge the fracture line
(arrow), with a semi-clear fracture line; but the callus
formation partially bridged the fracture line (arrow) in the
third group (NMO), the fracture line is less pronounced;
while in the second group (PRF) the callus formation crossed
more than half of the fracture line (arrow), the fracture line
partially disappeared.

Figure 5: Radiographic picture of dog fractured radius bone
at the eighth week after the operation. In the first group (C),
a rise in callus formation around the fracture site with a
bridged fracture line (arrow) appeared. The fracture line
partially disappeared; and in the second group (PRF), the
fractured bone has become nearly normal in shape, with
drop-in callus size around the fracture site (arrow); while in
the third group (NMO), the shape of fractured bone became
semi-normal, with having a nominal size of callus around the
fracture site.

i
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Figure 6: Radiographic picture of dog fractured radius bone
at the tenth week following surgery. In the first group (C),
the fractured bone looked almost normal in shape. The
fracture line disappeared with little callus around the fracture
site (arrow); in the second group (PRF), the fractured bone
appears normal in shape; while in the third group (NMO),
the fractured bone nearly has a typical shape with very little
callus at the fracture site (arrow).

Discussion

All trial dogs showed signs of partial loss of appetite with
redness and mild swelling at the operation site for 3-5 days
following the operation. These clinical signs were subsided
within 5-7 days after the operation. These results coincide
with Tomlin et al. (21), who said that the most frequent
clinical sign of radio-carpal bone fracture is soft-tissue
swelling. All experimental animals experienced lameness
after surgical operation. The claudication was evident at
weeks 1 and 2 after the operation, then little pronounced at
weeks 3 and 4. The lameness was disappearing at the fifth
and sixth weeks after the operation, and these signs of
lameness agree with Gwyneth and Noel (2), who said that
the external coaptation was responsible for minor
complications of intermittent lameness.

The radiographic results of the second week after
operation; showed that the fracture line was noticeable in all
experimental animals. Despite that, the second group (PRF)
showed some periosteum reaction more than the third group
(NMO), while the less periosteum reaction was in the first
group. The periosteum reaction was more evident in the
second group (PRF) than in the third group (NMO). This
may be due to platelets rich fibrin, which added to the
fracture line in the second group. This coincides with Bai et
al. (22); and Dohan et al. (23), who said that the fibrin
matrix, unlike other concentrated platelets, would be able to
progressively release cytokines and chemokines, which have
an essential function in the stimulation, migration, and
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proliferation of cells at the first hours of adding it to the
affected inflammatory part of the body.

On the other hand, the third group showed better
periosteum reaction than the first group. This may be due to
the fracture line in the third group was treated by adding
nano-magnesium oxide. In contrast, the fracture line in the
first group was not treated with any bioactive materials,
which agrees with Griffin et al. (24). They said that the
nanomaterials, with features on the Nanoscale, can provide
the appropriate matrix environment to guide cell adhesion,
migration, and differentiation, which is why the first group
suffers from the less periosteum reaction.

In the fourth week following the operation, the second
group showed growth in callus size construction with
partially bridged the fracture line, whereas a bit of callus
formation with a clear fracture line in the first group. This
difference between the second and the first group, in addition
to apparent progression in the size of the callus formation in
the second group, may be attributed to the role of platelet-
rich fibrin, which was added to the fracture line in the second
group, while the fracture line in the first group was not
treated with any bioactive substance. This agreement with
Khiste and Naik Tari (25), who said that the presence of
fibrin in the platelets rich fibrin, which is considered the
activated form of fibrinogen, plays essential roles in platelet
aggregation and achieving hemostasis also act as a scaffold
to fill gaps in the soft and hard tissues. Also, the fibrin matrix
can consistently release angiogenic, hemostatic, and
osteoconductive properties. Also, there is no significant
difference between the second and third groups in the size of
callus formation, while there is a statistically significant
difference between the third and first groups because the
callus formation was more significant in the third group than
that formed in the first. This coincides with Wang (26), who
said that the nanomaterial encourages vascularization and
new bone formation and allows early cellular infiltration and
later integration with native tissue by mimicking nanoscale
features of bones offering exceptional features.

The radiographic pictures of the sixth-week post-surgery;
revealed an advancement of the second group over the first
group; that represented by an increase in the size of callus
mass presence, which crossed the fracture line in the second
group, while in group no.1 there was increasing in the callus
mass but with partially bridged the fracture line, therefore the
fracture line was semi-clear. These differences in both
groups may be due to the treatment of fracture line in the
second group by platelet-rich fibrin. The platelet-rich fibrin
is considered a rich supply of autologous cytokines and
growth factors. This agrees with Serafini et al. (27) and Kang
et al. (28), who said that the concentrated platelets in the
fibrin matrix are biologically active proteins that support
recruitment of cells from surrounding host tissue with
stimulating growth factors and cell morphogenesis. It also
shows a crucial role in the wound healing process and acts as
a scaffold to bring the inflammatory cells, thus used for
tissue regeneration and promoting bone healing. In group
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no.3, there was a growth in callus mass size more than in the
first group. This may be due to nano magnesium oxide,
which was added to the fracture line in the third group
because the nano magnesium oxide hastened bone healing,
and this agreement with Hickey et al. (29), who said that the
effects of adding nano-magnesium oxide to fracture bone
showed significantly enhance adhesion and proliferation of
osteoblast and suitable for bone applications with no cell
toxicity.

The radiographic pictures of the tenth week after
operation showed some progress in the bone remodeling
process in all trial animals, but the bone remodeling was
fastest in the second group than the other groups (first and
third). Therefore, the fractured bone was more like a normal
shape. The hastening of bone remodeling in this group may
be due to added the platelets rich fibrin to the fracture line.
This coincides with Hidajat et al.; Dulgeroglu, and
Metineren (30,31), who said that the platelets rich in fibrin
act as osteoconduction and osteoinduction, as well stimulates
bone regeneration by activating osteoblast differentiation.
Therefore, the bone remodeling occurred early in this group.
Whereas the third group was progressed than the first group
in bone remodeling, and this is may because added the nano-
magnesium oxide to the fracture line, this is in the same line
of Li et al. (13) and Wu et al. (32), who stated that the
presence of magnesium ions plays a role in promoting
osteogenic differentiation from mesenchymal stem cells;
also stimulating adhesion, proliferation of osteogenic cells.
As well as the biodegradable nano-magnesium oxide works
to make the surrounding environment weakly alkaline, and
this having a significant role in stimulating mineralization
(calcium, phosphorous, and phosphate) of the new calculus
formation during the bone healing process.

The results of total serum calcium concentrations rates in
table 1 showed a significantly statistical difference between
the first and the rest groups (second and third) for the second
and fourth week after the operation, with no significant
difference between the second and third groups at the same
period. Also, there was no significant difference among the
three trial groups for the sixth and eighth weeks after surgical
operation. These results indicated that all experimental
animals did not suffer from delayed union or osteoporosis,
confirmed by radiographic pictures showing new callus
formation with new bone formation (ossification). This
coincided with Fischer et al. (33), who stated that calcium
gives the bones strength and rigidity. Also, the bones act as
a reservoir for calcium to maintain constant blood calcium
levels. The alkaline phosphatase concentration rates showed
an increase in the second group than the rest (first and third)
at the sixth week after the operation. This increase indicates
more osteoblast activity to form new callus formation, and
this agrees with Singh et al. (34), who documented that the
extraordinary rates of alkaline phosphatase in the blood
serum indicate the activity of osteoblasts. This alkaline
phosphatase leads to the new bone by the formation of the
bone matrix and its mineralization.
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Conclusion

This experimental study concluded that using platelets

rich fibrin and nano magnesium oxide was beneficial for
enhancing and improving radial bone fracture healing in
dogs.
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