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ABSTRACT 
 

At present, using bone grafts is the most successful surgical approach for repairing deficits in the 
bone structure. This study investigated into how goat tibial defect fracture healing was impacted by 
using hydroxyapatite (HA) or demineralized and decellularized bone matrix (dDBM) xenograft.  
Methodology:  In this study, fifteen young goats were employed. Three groups (n=5) consisting of 
the control group, nano-group, and xeno-group were created from the animals. Bone drill was used 
to remove 2 mm from the tibia of the right hind limp in all animals. The hydroxyapatite nanoparticles 
(HA) in the Nano-group and the xenograft demineralized and decellularized bone matrix (dDBM) 
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(obtained from sheep tibia) in the Xeno-group were used to fill the bone defect respectively, while 
the bone defect in the control group remained without treatment, and the surgical site was regularly 
closed. Blood serum was collected at the following intervals: postoperative, 14, 42, and 64 days for 
detection of alkaline phosphatase (ALP) and osteocalcin (OC) levels. At 64 days after surgery, all 
goats were euthanized and the healing was evaluated by specimen histological observation. 
Results: Biochemical examination in treated groups (Nano and Xeno groups) showed a statistically 
significant (P < 0.05) increase in the level of ALP and OC. histopathological examination at 64 day 
post-operation, treated groups shows Completely grown woven bone and the fracture callus 
composed of mature fibro-osteoid mixture. In conclusion, We demonstrate that the healing process 
accelerated and the bone defect can be filled by using hydroxyapatite (HA), or dDBM, as a scaffold 
for the damaged tibia bone. 
 

 
Keywords:  Bone gap; hydroxyapatite nanoparticles; demineralized and decellularized bone matrix; 

bone graft; goat. 
 

1. INTRODUCTION 
 

bone is an essential organ for support and 
movement. Bone defects can be caused by 
degenerative diseases, infections, trauma, and 
malignancies. Larger defects beyond a critical 
size require bone substitutes to allow effective 
healing, but small defects like fractures can heal 
on by themselves [1]. 
 

The goal of bone tissue engineering, a modern 
and difficult scientific field, is to improve bone 
regeneration and repair after bone is lost by a 
disease or injury, eventually restoring the bone's 
natural shape [2]. 
 

Currently, a variety of bone transplant materials 
are used, such as autografts, allografts, 
xenografts, ceramic- and polymer-based 
alternatives to bone grafts. Every variety has 
advantages and disadvantages of its own [3]. 
 

Because autologous bone transplants are 
limited, more bone matrix materials must be 
created to heal bone abnormalities. It is expected 
that xenograft bone will be used in clinical 
treatment due to its ideal structural resemblance 
to native bone and high degree of 
biocompatibility [4].  
 

Scaffolds based on decellularized extracellular 
matrix (dECM) are becoming more prevalent in 
the field of regenerative medicine. Tissue 
homeostasis and regeneration are facilitated by 
the extracellular matrix (ECM), a complex 
environment with superior biochemical, 
biophysical, and biomechanical qualities that can 
control cell adhesion, proliferation, migration, and 
differentiation [5]. 
 

Because bone tissue consists of both organic 
and inorganic phases, both mineral and organic 

biomaterials are typically used to create the 
scaffolds used in bone tissue engineering 
applications. Hydroxyapatite (HA) is one of the 
most often employed minerals in bone scaffolds. 
HA is a key component of bone regeneration and 
makes up around 60% of the inorganic material 
in dry bone. In order to aid in bone healing, HA is 
a resorbable bioactive mineral having 
osteoconductive and osteointegrative qualities 
[6]. 
 
The current study aims to assess the 
effectiveness of two distinct graft biomaterials 
hydroxyapatite (HA) and demineralized and 
decellularized bone matrix  (dDBM) in tibia bone 
defects regeneration. utilizing Biochemical 
indicators alkaline phosphatase ALP and 
osteocalcin OC, and the histological  Evaluation. 
 

2. MATERIALS AND METHODS 
 

2.1 Animals  
 
In this investigation, fifteen young female goats 
of the local breed, mean age 7±0.57 months and 
mean weights 22±0.49 kg, were utilized. The 
animals were kept in separate cages in the 
animal farm house of the College of Veterinary 
Medicine.  
 

2.2 Preparation of Xenograft (dDBM) 
 

The tibia was obtained from 7±0.34 month old 
sheep from the Basra slaughterhouse. Before 
demineralization, Using a diamond blade cutting 
saw, the cortical bone was cut to dimensions of 4 
mm x 4 mm from the mid-diaphyseal portion 
along the longitudinal direction. The samples 
were then immersed in 20 mL of 0.5 M HCl for 7 
hours at room temperature. The samples were 
placed on a rocking chair to ensure agitation. 
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After being rinsed with deionized water, the 
samples underwent five minutes of dehydration 
in water/ethanol solutions with ethanol 
concentrations progressively increased  25%, 
50%, 75%, to 100% vol. [7]. 
 

Bone blocks decellularization  were started with 
using a PBS plus wash. Subsequently, four 
thermal shock cycles were executed, wherein a 
20-minute step at 121°C was followed by a 16-
hour freezing duration in liquid nitrogen (-196°C). 
Bidistilled water (ddH2O) was used to submerge 
bone blocks throughout these passages; after 
every cycle, the solution was changed. After that, 
bone blocks were cleaned for eight hours in 1% 
TritonX-100 and then for sixteen hours in 0.1% 
TritonX-100 to eliminate any remaining cellular 
debris. TritonX-100 was dissolved in ddH2O. To 
remove any last traces of detergent, bone 
samples were twice washed in ddH2O for a 
duration of 24 hours. These steps were all 
carried out using a rotatory shaker in continuous 
shaking mode at room temperature (RT). At this 
point, the Semi-Automated Rotary Microtome M-
240/Myr- Spain was used to reduce the 
decellularized bone blocks into granules with 
diameters of 420–840 mm. Granules of bone 
were dehydrated for two hours at room 
temperature using a series of graded ethanol 
concentrations (50, 70, 96, and 100%). After their 
transfer to cell culture dishes, bone granules 
were allowed to dry at room temperature under a 
sterile laminar flow hood [8]. 
 

2.3 Sterilization of Xenograft (dDBM) 
 

The DBM was steriled in an autoclave. Sterilizing 
cycle for 3.30 minutes of sterilization and 5 
minutes of drying at 134°C and 2,16 bar prior to 
being implanted in the bone defect [9]. 
  

2.4 Surgical Preparation 
 
Prior to the procedure, every goat was fasting for 
eight hours. From the knee to the ankle, the right 

lower leg was shaved and clipped. After using 
distal water to thoroughly clean the area, the 
surgical site was scrubbed for two to three 
minutes with diluted liquid soap. After that, a 70% 
ethanol alcohol antisepsis was administered to 
the entire clipped area, and the incision site was 
treated with 2.5% tincture iodine. 
 

2.5 Surgical Procedure 
 

The animals were anesthetized using an 
anesthetic method that included intramuscular 
ketamine (5–10 mg/kg) and xylazine (0.05–0.1 
mg/kg). Around the operation site, a 1 mL 
subcutaneous injection of 2% lidocaine was also 
given [10]. Each goat's surgery site was prepped 
with aseptic methods. A 3–5 cm long cranio-
lateral incision into the skin and soft tissue 
revealed the tibia bone. A bone drill was used to 
remove a 2 mm core lesion from the mid-shaft of 
the tibia in each experimental animal. During the 
drilling procedure, sterile warm isotonic saline 
was dropped [11]. 
 

The goats split up into three groups(each five 
goats): control group, Nano-group, and Xeno-
group. In control group the bony defect was  left 
without any treatment, while in Nano-group the 
bony defect filled with hydroxyapatite 
nanoparticles powder as filling material were 
purchased from (US Research Nanomaterials, 
Inc.3302 Twig Leaf Lane /Houston, TX 77084, 
USA). In Xeno-group, as filling material of 
powdered xenograft demineralized and 
decellularized bone matrix from sheep tibia was 
used to fill the bony defect (Fig. 1). The surgical 
site was closed routinely in all experimental 
goats. 
 

Following the procedure, the goats were put back 
in their cages and given free rein to move around 
without any external or internal fixation. Every 12 
h, ceftriaxone  20 mg/kg body weight was 
administered intramuscularly for7 days after the 
surgery . 

 

 
 

Fig. 1. a: control group, b: Nano-group c: Xeno-group 
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2.6 Blood Serum Biochemical Parameters 
 

2.6.1 Blood serum collection method 
 

Blood serum collection was gathered according 
to Nagyová et al. 2016 [12] in the following 
intervals :post-surgery,14,42, and 64 days. Step 
1: A 5 ml blood volume was obtained using a 
vacutainertm serum separator tube (SST), 
aseptically from peripheral vein. The vacutainertm 
blood tubes were left at room temperature for 30 
– 60 minute before centrifuging the tube to 
separate the serum. Step 2: After centrifuging 
and separating the serum samples, they were 
put into plastic freezer vials with leak-proof screw 
covers. The serum samples were labeled and 
keept at -20oC till use. 
 

2.7 ELISA Kit for Osteocalcin  
 

the detection of osteocalcin in serum samples 
was performed using a Bioassay Technology 
Laboratory (TB LAB) Kit (BT, China) following the 
manufacturer's instructions. In summary, 120ul of 
stock concentration (128ng/mL) was 
reconstitution with 120ul of a standard diluent to 
provide a stock solution starting with 64ng/mL. 
The stock solution was farther serially diluting a 
ratio of 1:2 to create duplicate standard curve 
point at 32ng/ml, 16ng/ml, 8ng/ml and 4ng/ml. 
the wash buffer was diluted to 1X with deionized 
water and kept in a clean glass bottle till use. The 
samples and the standards were transferred to 
the ELISA plate using a multichannel pipette. 
After the initial incubation , series of washing and 
incubation were conducted following the 
manufacturers procedure. Finally, the stop 
solution was added, and the plate was measured 
at 450nm wavelength using an 800 TS 
absorbance ELISA plate Reader (Biotek, USA). 
The data analysis was conducted using Gen5 
software (Biotek, USA).  
 

2.8 Measurement of Alkaline 
Phosphatase (ALP)  Enzyme Activity 

 

The assay kit, which was already made and 
produced by Biolab in France, was utilized with a 
spectrophotometer (Aple, Japan) set to 505 nm. 
The standard curve that was made specifically 
for this purpose was employed to extract the ALP 
enzyme activity (U/L). 
 

2.9 Histopathological (Microscopic) 
Evaluation 

 

All goats were euthanized by being 
exsanguinated by neck cutting at 64 days after 
surgery, and specimens were taken around the 

defect site from every animal in the study . The 
bone samples have been fixed in a 10% buffered 
formalin for 48 hours (2 days) and remove the 
calcium by a decalcification solution (formic acid 
10%). Then samples irrigate by distill water, then 
dehydrated with ethyl alcohol, washed with 
xylene first, later, embeded in paraffin wax. 4–5 
μm thickness of transverse sections was 
harvested from the site of tibial  defect then 
stained by using H&E stain [13]. 
 

2.10 Statistical Analysis 
 

The statistical test was done by SPSS (2022) 
protocol for statistical comparison of different 
events in the research examination. The chi-
square analysis for comparison of the 
percentage with the least significant difference; 
the LSD test (ANOVA) to study the significant 
comparison between means level of the present 
project, this level (P≤0.05) was considered 
significant. 
 

3. RESULTS  
 

3.1 Biochemical Evaluation  
 

3.1.1 Alkaline phosphatase kit 
 

ALP examination conducted immediately 
following the procedure revealed a distinct 
similarity in the ALP levels across the groups. 
While on days 14, 42 and 64, there was a 
statistically significant (P < 0.05) increase in the 
level of ALP in the treated groups compared with 
the control group (Fig. 2). 
 

3.1.2 Osteocalcin test 
 

Serum OC concentrations for each of the control, 
Nano, and Xeno groups are shown in (Fig. 3). 
We note that across periods, there were no 
significant differences between groups. However, 
there was a significant difference (P<0.05) 
between the values of the two treatment groups 
(Nano and Xeno groups) on the first day after the 
operation compared to those during the 14 days 
after the operation. While there was no 
significant difference in the control group during 
the same period. 
 

3.2 Histological Evaluation  
 

After 64 days of induction of fracture, the 
changes observed in the control group included 
the osteocytic dilation of the bone, the fracture 
callus composed of immature hyaline cartilage 
and fibro-osteoid mixture. Woven bone with 
osteoblastic rimming in a reactive fibrovascular 
stroma (Fig. 4). 
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Fig. 2. Alkaline phosphates test. AB Different letters among groups indicates significant 
differences (P<0.05). ab Different letters within group in different times indicates significant 

differences (P<0.05) 
 

 
 

Fig. 3. Octiocalcin test. AB Different letters among groups indicates significant differences 
(P<0.05). ab Different letters within group in different times indicates significant differences 

(P<0.05) 
 

Nano- group after 64 days of induction of fracture 
showed presence of the obvious junction 
between newly formed bone and old bone. 
Nearby the original "osteotomy cut lines", 
remodeling lamellar bone (well-formed) might be 
located, evenly distributed trabecular bone. The 
nano-group showed formation of well distributed 
woven  bone, bone remodeling was recognized 

by presence well-recognized woven bone, 
Haversian canal, osteoblast, osteocytes (Fig. 5). 
 
Xeno-group shows Completely grown woven 
bone with regular collagen fibers deposition in 
the fibrovascular stroma, and the fracture callus 
composed of mature fibro-osteoid mixture                      
(Fig. 6). 
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Fig. 4. The histopathological section of bone of the control group shows osteocytic dilation of 

the bone, woven bone with osteoblastic rimming in a reactive fibrovascular stroma, the 
fracture callus composed of immature hyaline cartilage and fibro-osteoid mixture,formation of 
newly havresian systems , between them some areas have noncompete form. H&E stain. 10X 

 

 
 

Fig. 5. The histopathological section of bone of the Nano-group shows completely grown 
woven bone with regular collagen fibers deposition in the fibrovascular stroma, and the 

fracture callus composed of mature fibro-osteoid mixture ,the artifact detachment is around 
the repair formation. H&E stain. 10X 
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Fig. 6. The histopathological section of bone of the Xeno-group shows woven bone with 
regular collagen fibers deposition in the fibrovascular stroma, and the fracture callus 

composed of mature fibro-osteoid mixture, the artifact detachment is around the repair 
formation. H&E stain. 10X 

 

4. DISCUSSION   
 
The present study keeps pace with 
developments in regenerative medicine and 
tissue engineering, offers novel and innovative 
strategies to managing goats with tibial bone 
defects. biochemical and histological analysis 
results demonstrated that the use of HA or 
DECM as implantation improved bone repair. 
The acquired results showed that in the injured 
long bone area, HA and DECM induce a positive 
reaction. 
 

4.1 Discussion of Histological Evaluation 
 

Histological evaluation did not show any fibrous 
encapsulation or inflammatory processes at the 
bone–scaffold interface in both treated groups. 
 

Based on the results of the histopathological 
examination, the animals treated with HA or 
dDBM had better healing than the animals in the 
control group. This is because the animals in the 
treatment groups for HA and DECM 
demonstrated more advanced healing criteria. 
Natural bone minerals contain hydroxyapatite, a 
crystalline form of calcium phosphate that has 
showed significant promise as an implant 
material due to its initial mechanical stiffness and 
structure, as well as its osteo-conductive and 
angiogenic qualities in vivo [14,15,16]. 

In the treated groups, newly generated osteoid 
tissue with fully developed Haversian canals 
nearly healed the bone deficit. It supported the 
results of prior investigations in which HA was 
implanted in rabbit ulnae and rat skulls [17,18]. 
According to Simmons [19]  and Alexander [20], 
the porous HA in these cases served as a 
scaffold for the ingrowth of vasculature and 
subsequent deposition of new bone. 
 
The Xeno-group  bone histological section 
reveals woven bone with regular collagen fiber 
deposition in the fibrovascular stroma and a 
fracture callus made of a mature fibro-osteoid 
combination. decellularized extracellular matrix 
as scaffold encourages capillary ingrowth, 
osteoblast migration and proliferation, and 
osteogenesis [21]. 
 
According to Bigham [22] research, a group of 
low-molecular-weight glycoproteins, including 
bone morphogenetic proteins (BMPs), are the 
main osteoinductive element of DBM. These 
osteoinductive growth factors are hidden inside 
the mineralized matrix and become visible when 
cortical bone decalcifies, which accelerates the 
process of bone production. These proteins 
encourage mesenchymal cells to differentiate 
into chondroblasts, which is followed by 
endochondral osteogenesis, which produces new 
bone. 
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When dDBM and synthetic HA were used to 
compare the regeneration of bone defects in goat 
tibia bone, it was shown that there was no 
difference in bone neoformation between the 
two. The same thing was seen in Pires [23], 
where there was no statistically significant 
difference in the histomorphometric evaluation 
between group 2 (regenerated with a bovine 
xenograft) and group 1 (regenerated with 
synthetic hydroxyapatite). 
 

4.2 Discussion of Bone Markers 
 
There are various ways to use certain bone 
markers to analyze newly produced bone. 
Alkaline phosphatase (ALP) and osteocalcin 
(OC) are markers of bone production; ALP is 
selective for bone formation, but only in the 
absence of liver or bile duct disease in the 
patient. OC is another particular osteoblast 
product , which comes in a variety of active forms 
[24]. 
 

4.3 Alkaline Phosphatase (ALP) 
 
The enzyme which synthesized by osteoblast, 
play crucial role in processes of bone 
development and mineralization. The  
measurement of alkaline phosphatase activity in 
blood stream can serve as an indicator of the 
rate at which bone is being formed.  This is 
because the quantity of alkaline phosphatase 
produced by osteoblast may be reflected in the 
blood level of this enzyme [25].  
 
The treated groups had significantly higher 
serum alkaline phosphatase (ALP) 
concentrations than the control group, which may 
suggest that using dDBM or HA can raise ALP 
levels. Increased osteoblast  activity  could be 
the cause of the raised serum ALP level. 
 
When comparing the Xeno-group to the control, 
there was a higher rise in ALP. A possible reason 
for this could be the placement of the 
osteoinductive biomaterial dDBM at the fracture 
site, which stimulates osteoblastic activity even 
more. According to Umashankar and Ranganath 
[26], An substantial increase in serum ALP levels 
indicates elevated osteoblastic activity. Large 
amounts of ALP are secreted by osteoblasts, and 
this enzyme is necessary for the creation and 
mineralization of bone matrix. 
 

Osteoblasts can differentiate on almost all of HA 
surfaces, according to (Shu et al., [27]. This is 
consistent with HA capacity to facilitate 

osteoblast adhesion and encourage bone growth 
inside implants. Moreover, alkaline phosphatase 
activity showed that HA promotes osteoblasts' 
early development. 
 
In a study of femur fracture repair in dogs, Singh 
et al., [28] also observed a significant increase in 
mean serum alkaline phosphatase values in the 
demineralized bone matrix xenograft group. This 
study strongly supports our findings. 
 

4.4 Osteocalcin (OC) 
 

When there is a rapid turnover of bone, 
osteoblasts make more osteocalcin. Osteocalcin 
is thought to be a marker of bone turnover rather 
than a particular indication of bone formation 
because it is released into the bloodstream 
during bone resorption from the matrix. and 
considered specific marker of osteoblast activity 
[29]. 
 

In this investigation, 14 days after the surgery, 
osteocalcin levels in the treated groups 
increased significantly (P<0.05). This could 
suggest that implantation of dDBM or HA into the 
tibial bone defect can raise blood osteocalcin 
levels considerably. elevated osteoblast activity 
and callus formation at the fracture site could be 
the cause of this. 
 

Osteocalcin increased gradually during the 
healing of femur neck fractures, starting in the 
first week following surgery and increasing 
significantly by the eighth week, according to 
Ohishi et al., [30]. Osteoblast cell activity and 
callus formation at the fracture site are the 
reason of this little increase in OC [31]. 
  

Wang et al., [32] discovered that HA particularly 
the HA nanospheres, may significantly improve 
the osteoblastic development of rat 
mesenchymal stem cells. 
 

According to Zhou et al., [33], HA size has a 
significant impact on how bone-associated cells 
behave biologically. According to research by 
Yang et al., [34] and Huang et al., [35], 
suggesting that smaller HA may be more 
effective than bigger HA in promoting osteogenic 
differentiation of MSCs. These outcomes agree 
with the research we conducted, which showed 
that 50 μm nanoparticle size boosted more 
osteoblast activity and, consequently, elevated 
levels of ALP and osteocalcin. 
 

This study agrees with Yang et al., [34] findings, 
which show that the high concentration of Ca2+ 
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released by HA  may have an impact on the 
osteogenic differentiation of stem cells. It has 
been demonstrated that calcium ions (Ca2+) 
influence stem cell development and osteogenic 
differentiation [36]. The degree of cell 
mineralization was considerably enhanced by 
higher Ca2+ concentrations [37]. According to 
Zayzafoon [38], Ca2+ is crucial for preserving 
cell development and functionality. Additionally, 
the MAPK signaling pathway, which is crucial for 
promoting cell differentiation, can be activated by 
Ca2+ [39]. 
 
dDBM may raise OC levels by promoting 
osteogenesis. Because non-collagenous matrix 
proteins and osteogenic factors (such as BMPs) 
are preserved in the DBM and become visible 
after partial demineralization,. Moreover, 
osteoinduction can be a reaction to collagen type 
I directing MSC differentiation along the proper 
lineage. Through α2β1 integrin binding, collagen 
type I is known to trigger osteoblastic 
differentiation of bone marrow cells [40]. 
 
Additionally, Sawkins et al., [41] found that 
throughout the in vitro scaffold breakdown 
process, component chemicals released from the 
bECM material promote cell proliferation. 
 
Similar findings to Liu et al., [42], who 
demonstrated that Dioxide Decellularized Bone 
Matrix (scDBM) by itself significantly (p < 0.05) 
raised osteocalcin expression in comparison to 
control groups, suggesting that scDBM 
stimulated osteocalcin expression in bone 
regeneration and new bone production. 
 

5. CONCLUSION  
 
We may conclude that our study's use of HA and 
dDBM had a favorable effect on the development 
of new bone. Both biomaterials had the potential 
to be osteoinductive and were very 
biocompatible, osteoconductive, and well-
integrated. 
 
After 64 days following surgery, histological 
results showed that the HA and DECM material 
had better and faster bone growth. 
 
To sum up, HA powders are an incredibly easy 
way to adjust for the best osteoinductive and 
conductive responses in vivo. In line with its 
physiologic osteoconductive characteristic, HA 
material encouraged the growth of bone over the 
defect. The implanted substance did not cause 
any inflammation to be noticed. 

Notwithstanding the limitations of this 
investigation, it was shown that both synthetic 
HA and DECM enhanced bone defect repair. 
Nonetheless, additional research needs to be 
done to validate these findings. 
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