DOI:10.22059/1JVM.2023.361777.1005417 Iranian Journal of Veterinary Medicine Original Article

Online ISSN: 2252-0554
' &

The Role of Fabricated Coral Shell Hydroxyapatite Powder in mealhg of
Large Size Mandibular Bone Gap Defect i IN\ y

: \
Ali Ghazi Atiyah', Alkattan I)yth Ma\m‘ld 2

‘Department of Surgery and obstetric,College of Veiﬁiin ec&cine, University of Tikrit, Tikrit
, Iraq.

2Department of Surgery and Theriogenology, W!of Veterinary Medicine, University of
Mosul, Mosul, Iraq.

0

Abstract

BAGROUND : Thrcc trmon of mandibular bone defect comprised a real challenge and

- 4
difficult task{sur%blomaterlal bone substitutes are the most used material for

rec nst&on an%ﬂar bone defect.

OBJE VF!: This study explored the role of fabricated Hydroxyapatite (HAp) powder from

the coral shell in healing critical size mandibles gap in dogs.
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METHODS: HAp was prepared by hydrothermal method from Coral shells. Characterization of

the fabricated coral shell was done by X-ray diffraction (XRD), Field emission scanning electron

¢

microscopy (FESEM), and Energy dispersive X-ray spectroscopy(EDX). The des&i research

was performed on eighteen dogs of both sexes weighted and aged (20 + 0.5 ]mi .6gears).

The experiment was divided into two equal groups. Animals underwent‘x\:Malldefects at
I

the ventral surface of the lower mandible about (14, 5 mm). C % oty

e (EDx results indicated the

RESULTS:The results of (XRD) represented high cr{tallini vath
Q
surface morphology of distributed particles of calei phosp’or, carbon, and oxygen,

respectively, and the FESEM results suggested thaw 4 %orphology of (HAp) appears as
a spherical particle that regularly distributedxthinwmple. In the (HAp)group, at 30 days,
the FESEM images show that the defecti&garjxpletely closed, and the center of the defect
was filled with a thick layer of %stbo atri’. Radiographically in (HAp) group at 30 days post-
surgery indicated a well-d*ed vlar radiolucent bone gap at the caudal portion of the
mandible, with a parti£ SC\(M margin. Macroscopically at 30 days, the gap appears very

small in size, invaded with new bone formation.

CONC&&: N)nclusion, the recycling (HAp) from coral shells has practical value in the

recNion‘f the mandibular gap and the radiological and critical properties of prepared

(HAp) emphasize this outcome.

Keywords: Bone gap, Bone healing, Coral shell, Large size, Mandible.
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Introduction

¢

Biomaterial bone substitutes are the most used material for the reconstru‘ of bone
defects regarding biochemical properties, availability, and simplified and logbricatihl cost
(Shafiei et al., 2012). These materials are commonly used in ;he‘or% ‘f,"leld as a
mandibular defect that comprises the essential affection@aﬁo acial bone fracture or
discontinuity of the mandible in case of loss of a p&ion of the lower mandible (Lim et al.,
2022). Therefore, the reconstruction of mandibular bone de ct\ com~prised a real challenge and
difficult task for surgeons to the lower ja@fertalest i(l: point and functional properties
(Paré et al., 2019). Hydroxyapatite is angiftorg 'Mwonent constituting the bone with the
formula CalO(PO4)6(OH)2. It's u ( ww substitute bioactive material due to its
osteoconductive biocompatible ﬁnti gi’ properties (Szcze$ et al., 2017) and used as bone
filler. (HAp) has the *K&position, are highly biocompatible, and stimulate bone

growth (Albaroudy'a 2 ; Allawi etal., 2020 ). It is inert immunologically and does not

e
0

- 4
provoke higisensWactions due to the high-heat method used to produce this compound
(Cahyani ,et ali; 2018). Recently, bone substitutes biomaterials from synthetic or natural
source ed \yr treatment of critical size bone defect that have a similar structure to the

inorganic bone phase appeared as an alternative to metallic grafts and fabricated to make



chemical bonds with the bone and have the ability to reconstruct bone defects ( Pina et al., 2018;
Anvar etal., 2022). Coralline materials and eggshells, considered natural sources of apatite
ceramic, can be used as filling materials in orthopedic surgery, in which the chemi'ﬁructure is
closely similar to the inorganic phase of the living bones and teeth (Khan et @9; Zkang et
al., 2019). Also, hydroxyapatite nanoparticles are applied as bone substiit i Me material it
improves the regeneration of the vertical bone model (Ka e(al., 2020). Many studies
suggested that the apatite materials' ionic and miner{elemems rapidl&ncorporate enhanced
biocompatibility and provide physicochemical reactio can accelerate the bone formation
and regeneration (Atiyah, et al., 2021; Pina et m) ; a}Beiranvand et al., 2022) . The
absence of a well-documented large size bonxp dw the dog mandible that experimentally
treated with coral shell hydroxyapatite powder % experimental results questionable, so this

study suggested to determine thg ef] of Vepared coral shell (HAp) powder in healing of the

large-size of mandibles bon*p de*ts in the dog model.

Materials aﬂ ctl&s
- 4
Thisﬂwr’g&s approved by the institutional animal care and use committee at the

ege ofyVeterinary Medicine, Mosul University No. (UM.VET.2022.050). In the current

ntal %.\dy, eighteen clinically healthy adult local breed dogs of both sexes with a weight

of (20 + 0.5) kg and age were (2+0.6) years were used. All experimental animals were clinically



inspected for any infectious disease. All animals were housed at the animal house of Veterinary

Medicine College, At the University of Mosul, along the period of the experiment.
| &

h\

Laboratory preparation of coral shell hydroxyapatite powder: ‘ \\ J
®

>

The coral shells (Pectinidae) were purchased from ?l\arket in'Basra City, Iraq,
then washed using distilled water. Later, the shells wer&boile & mixtu\of distilled water and
ethanol to remove any organic residues, then dried in theleven 3}10& °C for 30 hour. The dried
shells were then grounded to a fine powder using an electrical mortar grinder (Retsch, RM200,
China). The powder was calcined in a muffled m throm- Turkey) at 1200 -C for 2
hours to produce calcium hydroxide powdxatmrthophosphoric acid solution (Ridel-
Turkey) with 0.6 M was added to the Ca(OH): sMn to justify the pH of the solution at (8.5)
using a pH meter (AD1000-Germa e h,‘ homogenous precipitate was observed at this
point. The product was kept at gm t t‘nperature for 48 hours in order to aging, which

allowed the complete chemieal reaction. The dried precipitation was calcined at 1200 -C for 2

hours in a muffled fung. se\hite crystalline powder was produced. (Fig. 1), indicated the
presence of (HAp) svhitc eryst
NS

%i(* @ﬁ: T

W
CaQ —N-l:cr-} Ca(OH), + Heat

powder. Chemical equations are mentioned below:

10 Ca(QH)  + 6HgPO, = Cayy (PO, (OH), + 18H,0 (Roudana etal 2017)
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Figure (1): fabricated coral shw xyartite powder

«QO‘

Characterization of fabricated coralshell (HAp)Powder

X-ray diffractom (QD\:alysis
|
The X- racti rﬁRD) analyses were performed to determine the crystal phase and
e .

purity of, coral sh powders samples. The XRD data were recorded within the two theta
(20)yrange from vro0 to 80° and intensity counts range from zero to 900°, used (Malvern
Panalytieal, Aeris, UK).

Field emission scanning electron microscopy (FESEM)



The surface morphology, crystal size, and porosity of the fabricated coral shell (HAp)
powder were detected by the field emission scanning electron microscope (FESEM) model
(inspect f 50, fei, Holland). Also, the FESEM image was taken 30 days post-surgéry. All samples

were subjected to gold covering before electron microscopy to give the necessary uctivity.

Energy dispersive X-ray spectroscopy (EDX) h

.
The EDX analysis determined the elemental compositions and the rf&at'ﬂa&cen}rations of
abr

the main trace elements, such as calcium, phosphor, and oxygen, ofythe, f: ted coral shell
(HAp) powder samples. It also used to determine the eleme ibution mapping to reveal the
surface topography of these elements through an enerq dispersive X—rz&nicroanalysis system
model (inspect f 50, Fei, Holland) with an acceleration energy Vol@ge range from zero to 20
keV. This technique done in labs of ministry of science and cknology, Baghdad ( Tatara et al.,

2019; Atiyah et al.,2022) ' >

4

The experimental animals were randomly (jded@ o0 equal experimental groups (n=9):
n

Group 1: control group, a circu bu’r bone gap defect of (14 x5) mm. in diameter
was created in the caudal portion 8f t andible used a low-speed bone drill under continuous
irrigation with 0.9% sterile ﬂne so%on and left empty without any treatment.

Group 2: treated g@), \&ne mandibular bone gap defects were created and then filled
with 5 gm of previgusly fabricated coral shell hydroxyapatite (HAp) powder.

Surgicw&ul\v

11 operative dogs underwent a protocol of general anesthesia, including a combination
of 10 % ketamine HCL (Alfasan, Holland) and 2% xylazine (Interchemie, Holland) at a dose
(10mg/kg) and (5 mg/kg), respectively, through intramuscular injection (Greene and



Thurmon,1988;Alkattan and Helal,2013). The operative region was aseptically prepared, skin
incision approximately (4 cm) in length was performed along the ventral part of the lower

mandible in (the submandibular region) followed by blunt dissection of platysma muscles to

expose the mandibular bone (Fig. 2,A). To create a critical-sized mandibular bone defect in a

sagittal incision of approximately (14x5) mm. in diameter was made in all gro nimal,

D t
without perforation of the underlying buccal mucosa, using a slow-speedsbo %ﬁ ombined
% ith 0.9%saline

control group, the defective gap was left empty without any tr in the control group (Fig.

with a diamond hole saw (Juster, j3901, China) with continuous i

solution to prevent heat damage to the bone tissue to form a

2,C). The defect gap in the treated group was filled wi
(Fig. 2,D).

abricated, coral shell (HAp) powder




Figure (2): (A) surgical approach to the body of the mandible. (B) creation of circular
mandibular bone gap defect (C) The control group, (D) The treated group, the defect gap was
filled with coral shell (HAp) Powder. @

Macroscopical evaluations \
ON\N

The site of operation evaluated macroscopically in the control Cn\ ed gioup at 7,
f the

15and 30days post-surgery to observe the gross findings within the site andibular bone

gap and to inspect any changes that may be existed. o \ \ .
XD <

®

Radiographical evaluations

N

The lateral view of the skull was take*lmedlately after surgery and then at (15,30,60)
intervals days post-surgery, using an X-ray machine (Shimadzu, Japan) accompanied by the
digital wireless detector (Italray, Itali V\Qe?sure factors seated as 65 kV and 2.5 mAs, to

investigated of the position and thp y 8f the bone gap, the presence of periosteal reaction,

. {
new bone formation.

Results c \\
Characterizationg fabricated coral shell HAp.

X-Ray Diff ioNhe results of XRD patterns of the fabricated coral shell HA. Powder

sanwealsi that the typical intense peaks were detected with high crystallinity at 20 (25.46°,
28.85°, 31,742, 32.75°, 39.80°, 46.44°, 49.11°, 52.98°, 76.51°) respectively associated with the

hexagonal crystalline shape of calcium hydroxide. All these peaks were in agreement with the



international center for diffraction data (ICDD), card number (09-0432) used Qualx software
version 2.25. (Fig. 3).

Enpermenial pafiesm JAL] GHAZ -HAYDRD &P 1y

Figure (3): XRD diffraction peaks of the fabrlcate@Q BAp)heated at 1200°C for 2 h. at

20 range from zero-90 degree and intensity r* w 1000

N
Energy Dispersive X-ray spectros : The EDX spectrum of the fabricated coral shell
(HAp) powder, shown in FigurQ(E), eals’he presence of calcium (Ca), phosphor (P), oxygen
(O), carbon (C) and potassi (K9, Quantity values measured in atomic and weight % were
listed in Table (1). The s&\ental mapping of fabricated coral shell (HAp) powder sample
shown in (Fig 5), rg)\blue, purple, and yellow, indicating the surface morphology of

dlspersed ca T, carbon and oxygen particles, respectively.

\
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Figure (4): EDX elements spectrum analysis of the fabricated @ &Ap) powder.
Table (1) The elements content values of the fabricated coxz Ap) powder Sample
Element Atomic %
C 21.5
O 59.3
P 5.0
K 10.2 5.0
Ca 19.2 9.2
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sample. 5

FESEM of coral shell hydroxyapa K )
b
The surface morphol y of coral'shell hydroxyapatite powder sample heated at 1200 °C

for 2h. appear as a spherica artl&regularly distributed within the sample with an average
diameter (46.9) um &

\‘{\“

D
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Figure (6): FESEM image of the fabricated coral shell ) p&%obtained at the calcination
temperature 1200°c for 2h. P

FESEM of the critical size mandibular bo*apb ;ecat 30 days post-surgery

The FESEM images of the defecti gapM mandible bone samples were obtained at
30 days post-surgery shown in (Fig. oacrol group, the defective gap appeared partially
still open, and the center of the Ee ive cap was filled with a homogenous, smooth matrix

surrounded by multiple ﬁbr(*tissxwhich was the predominant tissue (Fig. 7,A).

In the coral shGH\kroup, the defective gap appears completely closed and the

center of the defect filled with a thick layer of osteoid matrix which appears as a light region

beyonW&Mﬁ‘ lamellar bone that faces toward the center of the defective gap (Fig.
7,B).

)




Figure (7): FESEM images of the mandibular bone gap defect at 30 days post-surgery. (A)
control group shows that the defective gap still open and surrounded by excessive fibrous tissue.

(B) coral shell HA. group shows that the defective gap fill with calcified matrix appears lighter

in color and surrounded by lamellar bone. \

Macroscopical results:

>

In the control group, the defective gap at seven days post-suge‘r Ars as a circular

gap without any filling tissue, and at 15 days post-surgery, ?e‘brousﬂhe grows within
the defective gap; at the 30 days post-surgery, the exc&swe 1brous tlss&formatlon within and

around the defective gap, without any signs of calcified or artllagl\lcgls tissue formation, and the
size of defective gap likely appear in the same diameter, Whi El the (HAp) group, the defective
gap, at seven days post-surgery, seemed to be circ@n led with fibrous tissue. In 15 days
post-surgery, the defective gap appears smal diaw with a small amount of fibrous tissue
within the defective area. At 30 days post urgerN defective gap appeared very small in size.
The defective gap was slightly fille a m‘ amount of fibrous tissue, with an invasion of
new bone formation from the sw&Qb(’le toward the center of the defective area appears as

a firm solid white mass, a the ws of the defect become rounded, which face inside the

center of the defect. (Flc) \\
N 4
AN

D)
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Day |

7 day post-surgery 15 days post-surgery 30 days post-surgery

Groups

Q A
®
Figure (8): macroscopical findings of the mandibular bone de#ct in the control and the treated
group at 7, 15;*3 S post-surgery.

Radiographical results \

The radiographic finding in §h ol ggp immediately after the operation. The lateral
duc

view of the skull represents e’ i gldibular bone gap defect which appears as a well-

defined circular radiolucent ne&ect in the caudal body of the mandible, which seems

without trabecular brid@ N hout any definite significant callus formation, (Fig. 9,A). At

15 days post-surgery, the fadiographic findings in the lateral view of the skull showed a well-

defined. circ K&t bone defect at the caudal portion of the mandible, with a relatively
se'in de

t\

-y
early little ca!s formation, but without trabecular bridging (Fig. 9,B). At 30 days post-surgery,

sli ity which exhibited in the center of the defective area that represented

the radiographic finding indicated a well-defined circular radiolucent bone gap defect in the

caudal portion of the mandible, with a partially sclerosed margin and a relative increase in the

15



opacity only seen as a very fine area of calcification discarded within the center of the defective
gap representing a slight developing callus and without trabecular bridging (Fig. 9,C). At 60 days
post-surgery, the radiographical finding in the lateral view of the skull still app€ars as a well-
defined circular bone defect in the caudal body of the mandible, which rem open and
radiolucent, with a partially sclerosed margin. There was a slight increase in th@ﬁs en as a

small area within the center of the defective gap representing the slightly ‘1 rivlllys without
a complete trabecular bridging (Fig.9,D). B \
. 4

The radiographical finding in the (HAp) group immedia@)st-\su@ry, the lateral view of
the skull showed the mandibular bone gap defect, Which appears as a well-defined circular
radiolucent bone gap defect in the caudal body of the le. Hox’ever, it looks clear with no
trabecular bridging or definite significant callus n (f‘g 10,A). At 15 days after the
operation, the lateral view of the defective %ho a well-defined, circular, radiolucent bone

gap defect in the caudal body of the mandible, ‘and there was a relative increase in the opacity

seen as haziness throughout the defe

en?g early callus formation with some trabecular
bridging (Fig. 10,B). At 30 daysgpo
4

gery, the defective gap exhibited slightly definite as a
circular gap, with a slightly radiopaque gap defect in the caudal body of the mandible, with a
partially sclerosed margi $ hehs relatively increased density seen throughout the defect
representing developing call v&n slightly trabecular bridging (Fig. 10,C). Lastly, at 60 days

after the operation, the radidographical findings show partially-defined semicircular, slightly
translueent f gxyt in the caudal body of the mandible, with a sclerosed margin, and
th ’\latl e increase in density seen in the defect representing the maturing callus with a

is a
nemlple‘ trabecular bridging (Fig.10,D).
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post-surgery. (B) at 15 days post . ‘C) at 30 days post-surgery. (D) at 60 days post-
<

Figure (9): Shows mandibular bone i ; &ct j& control group. (A) zero time immediately

surgery.

L\
QN
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Figure (10): Shows mandibular bone gap defect in (HAp) oup. (X) Zero time immediately post-

N

surgery. (B) at 15 days post-surgery. (C) at 30 days post=surgeny. (D) at 60 days post-surgery.

% C,

The mandibular bone has severa essenmmctlons in the head and neck. It allows

Discussion

mastication by providing a stable in‘o the maxilla and serving as a base for the
attachment of the tooth. It alsoy fgci S 'arking, swallowing, and breathing by maintaining
space within the oral cavity * allowing the tongue function.

The FESEM 'n‘@s de that the coral shell (HAp) were spherical non-aggregation
particles with sizes@tween 1(6.9-140) um. The spherical shape of the (HAp) crystal powder in
the Co Mt on the synthesis method used. It requires prolonged rotation of the

&1 agn tic stirrer to achieve a reaction with a pH of 8. Thus, this result in the slow
growthiof ho geneously non-agglomerated spherical particles, compared with FESEM images
of the quail'eggshell Ca(OH) which appear irregular agglomerated particles due to rapid reaction
time that do not require PH justification (Zhou and Lee, 2011). Thus, the FESEM images of

18



fabricated coral shell HAp particles seem more stoichiometric than fabricated quail eggshell

Ca(OH); particles.

&
The integration behavior of the analyzed FESEM images of current work at,30 days post-
ompared

implantation seems to be by the process of bone tissue regeneration in the HAp grou
to the control group. In this way, the results came in contact with the previou@y mefitioned
that the biomaterials might support the directed ingrowth of osteoble'ts Mg’ from the
native bone tissue neighbored to the defect site (Barbeck e%OZQ. In 0(112 st,( (Moshiri et

al., 2020) suggested that the shape and the surface morphol respons%: for many of their in
vivo biological properties and activities . \ A

®
Clinically mandibular bone defects default r (Rstitution due to the complex

anatomical structure of the jaw and default for @ss repair (Tatara et al., 2019). Most
defects of the mandible are mainly acquired rMngenital causes, which include cysts,
benign and malignant tumors, trauma, an hronheomyelitis, loss of teeth (Lim, et al.,2022).
The critical size mandibular bone d @ d cr&d the defect that will not heal spontaneously
during the animal’s lifetime or miﬁr‘ treatments (Lim et al., 2022). Dogs have proven to
be suitable for studies on th con&ctlon of mandibular defects because they easily allow the
formation of significant defe Nh easier surgical access compared to small animals like mice,

rats, rabbits, and glﬁea ig uh et al., 2005). Therefore, we evaluated the healing process of
the gap defectssmacrosco cally, radiographically, and morphologically with FESEM imaging to
determ\ 1t1(xlze of a mandibular gap defect, along with determining the healing effect

1 shell Ap) on critically induced mandibular gap defects in dogs.

The results of this study indicated, these bone substitutes have highly biocompatible with

the bone tissues because there was no immune rejection or adverse tissues reaction at the site of

19



the defect. This outcome match with ((Moshiri et al., 2020; Mohammed et al., 2023), whose
mentioned that the biomaterials have superior cytocompatibility. Also, Poinern and his colleague
mentioned that ceramic biomaterials should not induce any cytotoxicity, immunological
rejection, or inflammatory responses from the body (Poinern et al., 2014, Rouda‘al.,wﬁ;
Mohammed et al., 2023). Also, HAp demonstrates an antimicrobial effect, Wﬁiv tigg new
bone tissue formation (Halim et al., 2021). Thus decrees the occurrence i @u? infection
during the filling of the bone defects with fabricated biomaterials.

o 4
Conclusion \ \

We concluded that the fabrication (HAp) from natub waste ¢ akshells has practical value
in the regeneration of mandibular bone gap as a defect in dogsy Future research should

investigate the (HAp) with mesenchymal stem cell@l 't%e healing process of large-size

bone gap defects. ‘ V
( N
J
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