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Abstract---Aims of the study: This study was designed to determine 

the effects of milled tooth in its nanoparticle forms as a bone 
substitute materials on the acceleration of bone healing in 

rabbitsMaterials and Methods: Sixteen albino rabbits were used in the 

experiment that were divided into two groups: nanoparticle group (M0 
group) and control group. Rabbits were anesthetized using 

intramuscularly administered 10% ketamine (40mgkg) and 2% 

xylazine (5mgkg) (Inferchemi, Holland). After shaving and sterilization 
of the site of the operation, a 2cm submandibular incision was done. 

Then 3 millimeter circular anterior full-thickness defect was created 

near the midline of the mandible. The anterior defect was filled with 
50-100nm milled tooth material nanoparticles. The incision was 

sutured with 3/0 black silk. Following surgery, each rabbit was given 

30 mg/kg oxytetracycline intramuscularly. The rabbits were 

euthanized at 3, 7, 14, and 28 days afterwards. Then the specimens 
were dried and fixed in paraffin before being removed from the skulls. 

Histological examination the specimens was done. Results: 

The nanoparticle group(M0) showed moderate vascularity and 
granulation tissue formation, mild inflammation, and accumulation of 

osteoblasts over 3 days period, after 7 days period the findings were 

mild inflammation, new blood vessel formation formed inside new 
bone trabeculae and blood vessels in marrow space, mild granulation 

tissue formation and osteoblast accumulation for osteoid tissue 

formation. After 14 days period, in M0 group the findings were no 
significant inflammation, few viewed blood vessel formation, a 

moderate amount of granulation tissue formation, and mild to 

moderate osteoid tissue formation. Lastly, after 28 days M0 group 

showed no inflammation, good angiogenesis with new blood vessel 
formation, and few osteocyte lacunae formation with moderate osteoid 
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tissue formation. Conclusions: The nanoparticles of milled tooth 

material treated groups are more stable and speed bone repair at 
various times (3, 7.14, and 28) days. 
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Introduction  

 
In surgery, bone replacements are increasingly used. Every year, bone substitutes 

are used to create millions of bone transplants. To address the restrictions of 

using autografts, medical research has discovered other methods of bone healing 
[1]. Allografts, xenograft replacements, and ceramic-based synthetic bone 

structures are all bone substitutes. The ceramic-based synthetic bone 

replacements are the most extensively employed in clinical operations. These 
ceramic bone replacements are working well [2]. 

 

The ideal bone replacement is a biocompatible composite. The use of a bone 
replacement has had harmful consequences in rare cases. The immune system is 

particularly sensitive to foreign entities and frequently assaults, then welcomes 

the graft. The body's response to transplants varies. Biocompatibility is the 

capacity of new bone replacements to quickly integrate into the body. 
 

Traumatology, tumour surgery, spine surgery, infection, and revision arthroplasty 

all employ bone grafts. Annually, the US performs over 500,000 bone transplant 
treatments. These figures easily treble or triple globally, resulting in a scarcity of 

donor tissue utilised in bone repair treatments [3]. Autogenous bone graft has the 

highest osteogenic potential and is still regarded the gold standard for bone 
repair. New sources of autogenous cancellous bone from intramedullary canal are 

emerging. The RIA procedure was created to prepare long bones for 

intramedullary nail fixation [4]. However, autogenous bone transplant surgery is a 
separate procedure, and harvesting difficulties have been recorded in up to 20% 

of cases [5]. Easy usage, enhanced safety profiles, time savings, variety of sizes 

and forms, and minimal donor-site morbidity are all benefits of allograft. These 

are common alternatives to autogenous bone. Sterilization and storage alter the 
biological and mechanical characteristics, reducing osteoinduction and osteogenic 

potential. With increased demand for spinal fusion, revision arthroplasty, and 

joint fusion, allogeneic bone donors are in short supply. For these reasons, bone 
replacements are becoming more important [3]. 

 

Bone replacements vary in composition, mechanical strength, and biological 
function. Because each bone replacement has its own benefits and drawbacks, it 

is important to understand how biological features affect bone mending. This 

study will examine the qualities of bone grafts and other bone substitutes used in 
orthopaedic surgery [6]. 

 

Nanostructure 

 
Nanotechnology is widely used in sectors such as medicine. Using 

nanotechnology, it is now possible to study and manipulate atoms, chemical 
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bonds, and molecules in various substances. Nanotechnology is used in dental 

fields like nano dentistry. When choosing a nanoparticle for use in nano dentistry, 

its physical, chemical, and organic properties are considered. Adding atoms often 

affects the functional structure. Nanostructures are used in dental diagnostics. 
Only a few nanoparticles are used for dental implants and prostheses [7]. 

Nanotechnology is a technique that works with nanometer-sized particles called 

nanoparticles. Silver is the most widely used nanoparticle, followed by carbon and 
ion oxides (TiO2) [8]. The nanotechnology may improve the product's features by 

introducing new functionalities. Thus, nano goods are widely used in many 

industries, medicine, and dentistry [9]. 
 

Bone substitutes and dental implant 

 
Bone is a dynamic organ capable of regeneration. The bone-signaling route directs 

osteoblasts, osteocytes, and osteoclasts in the continuous cycle of bone 

production and resorption. Bone grafts and replacements are used when the host 

cycle of bone healing is insufficient. Bone grafts are second only to blood in terms 
of popularity. Worldwide, around 2.2 million bone-grafting surgeries are 

performed annually in orthopaedics, neurosurgery, and dentistry. More than 60% 

of the population in developed nations need dental prosthesis replacements, 
preferably with implants, and 10-20% of those individuals require bone 

regeneration operations prior to implant insertion. 80% of bone is solid (cortical), 

with 20% being spongy (trabecular). Thus, assessing compact bone composition 
will concentrate treatment on the bigger area of the bone. Bone graft design may 

concentrate on one compartment since compact bone is 70% inorganic mineral 

(hydroxyapatite), 22% organic protein (collagen, cells, HA) and 8% water [10]. 
 

Materials and Methods 

 

Sixteen albino rabbits were used in the experiment that were divided into two 
groups: nanoparticle group (M0 group) and control group. Rabbits were 

anesthetized using intramuscularly administered 10% ketamine (40mgkg) and 2% 

xylazine (5mgkg) (Inferchemi, Holland). After shaving and sterilization of the site 
of the operation,   a 2cm submandibular incision was done. Then 3 millimeter 

circular anterior full-thickness defect was created near the midline of the 

mandible. Rabbit’s teeth were crushed into; (50 – 100nm) diameter as 
nanoparticles that were used in the nanoparticles group (M0 group), by Grind 

device used for milling animal teeth ground at the University of Technology in 

Baghdad, Iraq, as shown in Figure 1. 
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Figure1. Grind device used for milling teeth NQM-0.4 model planetary ball. 

(Yangzhou Nouya, China) 
 

The study used sixteen adult male albino rabbits aged 5-7 months, weighing 1.5-

2 kg. The animals at Mosul University's Animal House were fed green leaves, 
fruits, and water. A control group and a nanoparticle group were created. For 

group M0, a defect was created between the central and molar teeth of the lower 

jaw and filled with nanoparticles of milled teeth as a bone replacement. In the 

control group, one defect was produced between the central and molar teeth of 
each animal. The rabbits were caged outside and given greens, fruits, and 

vegetables. They looked to be in excellent health throughout the research period. 

All instruments were autoclaved. Milled tooth nanoparticles in pouches, ready for 
use. 

 

Surgical procedures 
 

Each animal was anaesthetized with 10% ketamine (40mg|kg) and 2% xylazine (5 

mg|kg) intramuscularly (Inferchemie, Holland). Rabbit skin was shaved using 
clippers machines, and the operation site was sterilizedwith povidone-iodine. A 2 

cm long incision was performed using a scalpel and blade no.12 (Medenta, 

China). A (2) cm long full thickness flap was mirrored by a periosteal elevator for 

bone exposure. A stainless steel bur drilled the bone. Making a hole defect for (M0 
group) nanoparticles using a 2.5 mm bur as shown in Figure 2. 

 

 
Figure 2. Shaving procedure, Incision procedure 
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Sample Study  

  

The sample study is freshly extracted (16) slides, and divided into two groups 

control group and nanoparticles group (M0). (12) slides were used in 
Nanoparticles (M0 group). While (4) slides were used in the control group that was 

compared with the other samples. The whole slides for (M0) group were two slides 

for each rabbit.  
 

Statistical Analysis 

 
The data was examined using SPSS 21.0, an IBM programme. The study used 

descriptive and analytical statistics (t-Test). The differences between the three 

groups were statistically significant at p< 0.05. 
 

Results 

 

These the slides were separated into two groups of 3, 7, 14, and 28 days. 
Specimens were assessed histoologically using four criteria. These include the 

degree of inflammation, vascularity, granulation tissue, and osteoid formation. 

 
Histopathological analysis for M0 group after three days 

 

1. Inflammatory cells: The findings of microscopic examination of M0 group after 
three days observed that mild inflammatory cell infiltrates for all slides. 

2. Vascularity: The findings of microscopic examination of M0 group after three 

days observed that a moderate amount of vascularity for all slides. 
3. Granulation tissue:  Moderate amount of granulation tissue was similar to all 

slides under microscopic examination. 

4. Osteoid tissue formation: There was found accumulation of osteoblasts of 

osteoid tissue formation among the all slides after three days that showed 
under microscopic examination, as shown in Figure 3. 

 

 
Figure 3. The defects of M0 group after three days. 
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Histopathological analysis for the control group after three days  

 
1. Inflammatory cells: The findings of microscopic examination of the control 

negative group after three days observed that inflammatory cell infiltrate 

served. 
2. Vascularity: The findings of microscopic examination of negative the control 

group after three days observed that no significant vascularity was found. 

3. Granulation tissue: No significant amount of granulation tissue under 

microscopic examination was viewed. 
4. Osteoid tissue formation: No significant amount of osteoid tissue formation 

was found after three days that showed under microscopic examination, as 

shown in Figure 4. 
 

 

Figure 4. The defects of the control group after three days. 

 

Histopathological analysis for M0 group after twenty eight days 
  

1. Inflammatory cells: No significant inflammatory cell infiltrates were viewed 

under microscopic examination of M0 group after twenty eight days for all 
slides.  

2. Vascularity: The findings of microscopic examination of M0 group after 

twenty eight days showed good angiogenesis with new blood vessels 

formation for all slides 
3. Granulation tissue:  Mild granulation tissue remained in the site of bone 

healing that was similar to all slides under microscopic examination. 

4. Osteoid tissue formation: Accumulations of osteoblasts, few osteocyte 
lacuna formation and moderate osteoid tissue formation were seen among 

all slides after twenty eight days that showed under microscopic 

examination, as shown in Figure (5). 
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 Figure 5. The defects of M0 group after twenty eight days. 

 
Histopathological analysis for the control group after twenty eight days  

 

1. Inflammatory cells: No significant of inflammatory cell infiltrates were 
viewed under microscopic examination after twenty eight days. 

2. Vascularity: Good angiogenesis with new blood vessels formation were seen.  

3. Granulation tissue: A moderate amount of granulation tissue remained in 

the site of bone healing under microscopic examination. 

4. Osteoid tissue formation: Osteoblasts accumulation, few osteocyte lacuna 

formation and moderate amount of osteoid tissue formations were shown 
under microscopic examination, as seen in Figure 6. 

 

 
Figure 6. The defects of the control group after twenty eight days. 

 
Histopathological and statistical analysis for different procedures with 

different times 

 
The T-test was employed to analyse histology data. The little letters (a, b, c, d) 

denote substantial group differences. No significant difference within group P 

0.05, and substantial difference within group P 0.05, respectively. The capital 
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letters (A, B, C, D) reflect the significant difference between groups at P 0.05. 

Inflammatory cell responses: In the M0 treated group, inflammatory cell 
responses decreased significantly after 7, 14 and 28 days compared to 3 days in 

the same group. A significant decrease in inflammatory responses was seen in the 

M0 treated group compared to the control group after 7 days, and a similar 
decrease was observed at 14 days, as shown in Table 1. 

 

Table 1. T-test for statistical analyses of inflammatory cell responses within and 

between M0 and control group at different times (3, 7, 14, 28) days. 
 

groups 3 DAYS 7 DAYS 14 DAYS 28 DAYS 

control 2±0.4 a A 2±0.4 a A 1±0.4 b A 0.2±0.1 a A 

M0 2±0.3 a A 1±0.3 b B 0±0 c C 0.2±0.1 c A 

 

The results regarding osteoid formation within the same group when compared at 
different times revealed a significant increase in control group at 7 and 28 days 

period comparing with 3 and 14 days period, while there was a significant 

increase of osteoid formation in the M0 group revealed a significant increase of 
osteoid formation after 14 and 28 days comparing with 3 and 7 days periods of 

same group. 

 

The results of the criteria of osteoid formation in comparison among the groups 
showed no significant difference between the groups at 7 days period, but there 

was a significant increase of osteoid formation in the M0 treated group comparing 

with control group at 3 days period. In addition, there were a significant increase 
of osteoid formation in the M0 treated group comparing with control group at the 

14 days period,   as shown in table 2. 

 
Table 2. T-test for statistical analyses of osteoid bone formation finding within 

and between M0 and control groups at 3,7,14, and 28 days. 

 

groups 3 DAYS 7 DAYS 14 DAYS 28 DAYS 

Control 0.2±0.1a A 1±0.4 b A 0±0 a A 2±0.4 c A 

M0 1.8±0.2a B 1±0.3 a A 2±0.3 b C 3±0.5 c B 

 
Discussion 

 

Localized bone loss is dangerous. Finding an efficient local bone replacement 
offers several benefits and drawbacks [11]. In addition, bone replacements. Every 

year, millions of bone transplants occur. Other bone healing techniques have 

been developed to circumvent the limitations of autografts. The benefits of bone 
replacement include allografts, xenografts, and ceramic-based synthetic bone 

constructions [12]. 

 
1. We utilized rabbits for the research because they are docile and non-aggressive, 

making them simple to handle and watch. 

2. Widely bred and cheap compared to bigger animals. 
3. Short gestation, breastfeeding, and puberty cycles 
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4. It is a tiny animal and so falls within the jurisdiction of the local ethics 

commission. Larger animals need extra ethics committee approval, which is a 

lengthy and strict procedure. 

 
It is very uncommon for big animal surgical operations to need complicated and 

costly rearing facilities that are only capable of central animal research 

institutions. Teeth and bones are related. They all sprang from the same place: 
the neural crest [13]. Within the mouth cavity, clinicians encourage 

intramembranous bone development [14]. Teeth, particularly dentin, and bones 

have similar chemical makeup. Enamel is 96% inorganic and 4% water, whereas 
dentin is 65% inorganic, 35% organic, and 4% water. Cement is composed of 

inorganic (45-55%), organic (50-55%) and water. Finally, alveolar bone is 65% 

inorganic and 35% organic. Dentine has been studied extensively owing to its 
high mineral concentration, which makes it a viable bone replacement. Dentine is 

also osseo-compatible and osteoconductive, like autogenous bone, providing a 

physical substrate for new bone development. This makes dentine a great 

bioactive material for hard tissue regeneration [15]. 
 

Even though it must be harvested, autogenous bone is still regarded the gold 

standard due to its osteoinductive, osteoconductive, and osteogenic qualities [15, 
16]. claim that dentine is composed of the same elements as bone. Its organic 

matrix contains non-collagen proteins such phosphoproteins, osteocalcin, 

proteoglycans, and glycoproteins. So we utilized milled teeth to restore bone loss 
in rabbits' lower jaw. Materials nanoparticles (M0) replaced bone [17]. These 

smart features are advantageous for the creation of bone substitutes and 

platforms for bone tissue repair and regeneration. The present histological study 
slides. Each slide has three M0 and control groups with varying times (3, 7, 14, 

and 28 days). The histological examination of M0 and control specimens included 

four criteria. Oncoid development and inflammation were the criteria. 

 
Inflammatory cell responses 

 

In the M0 treated group a significant decrease in inflammatory responses was 
found after 7, 14, and 28 day periods as compared to 3 days at (P≤0.05). For the 

comparison among the groups, no statistically significant difference was found 

between the groups at 3 and 28 days periods for all groups. As related to the 
degree of inflammatory cell infiltrates; the M0, and control groups have shown 

similar behavior for all groups at 3 and 28 days periods. M0 treated group showed 

the lowest inflammatory cell response. Moreover, M0 treated group has a lower 
value of t-test compared with the control group over 7 days period.  

 

Vascularity and the granulation tissue formation 

 
At 3 days period the results of microscopic examination revealed that the M0 

group a moderate vascularity and granulation tissue formation was shown. This 

might be due to nanoparticle size undergoing rapid resorption that attempted to 
heal faster than macroparticles. In the control group, there's no vascularity and 

granulation tissue formation was seen at 3 days period. The M0 group showed 

newly formed blood vessels inside new bone trabeculae and there was mild 
granular tissue formation and the control group showed little vascularity. At 14 



         6330 

days M0 group showed few blood vessels viewed which means they had healed. 

Lastly, at 28 days period, the control and M0 groups had good angiogenesis with 
new blood vessels formation which means all wounds were healed optimally 

without any rejection and no antigenicity reactions were seen. 

 
Osteoid tissue formation 

 

The M0 treated group revealed a significant increase of osteoid formation after 14 

and 28 days compared with 3 and 7 days periods of the same group. Comparative 
analyses of the criteria of osteoid formation among the groups displayed no 

significant difference for all groups during 7 days period, however, there was a 

significant increase of osteoid formation in the M0 treated group compared to the 
control groups during 3 days period. Furthermore, M0 were more responsive to 

osteoid tissue formation compared with the control group during the 14 days. In 

the same context, M0 treated group showed more response to osteoid tissue 
formation compared with control group during the 28 days. These variations of 

rapid response at different periods occurred due to the effects of the type of 

nanoparticles for a bone substitute were used.   
 

The ideal bone replacement should be biocompatible, have great osteoconductive 

properties, be strong enough to produce a desirable shape, and transform the 

bone fully in a short period. The materials (M0) are biocompatible and utilised as 
bone replacements. It was accepted with the findings in [18]. Unlike other 

research Aroni et al., [19], that employed various materials such deproteinized 

bovine bone (DBB) particles, this study allowed nanoparticles to provide a 
framework for new bone development. Moreover, grafting DBB with directed 

tissue regeneration slows bone growth [20]. 

 
Conclusions 

 

Nanoparticles (M0) treated groups may replace bone. The M0 treated group has 
more stable osteoid tissue formation over time. It increased rapidly at 7 and 14 

days for all groups, independent of inflammatory cell response, and then declined 

progressively. All groups had the greatest rise in bone replacement at 14 and 28 

days, independent of osteoid tissue production. In the control group, osteoid 
tissue development increased with time. Rabbits tolerated allogenic rabbit teeth 

without rejection or antigenic response because the teeth contained fewer cells. 
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