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1. Introduction 

Bone graft/implantation is widely used in veterinary 

medicine, especially as a common procedure for the 

treatment of various types of fractures characterized by 

bone loss, such as gunshot fracture, or fracture 

complications, such as delayed union or nonunion, as 

well as pathological fractures in bone osteosarcoma (1). 

Bone grafting \implantation could be used as a 

framework to provide stability, promote healing, and 

fill osseous defects or cavities (2, 3). Bone Fracture 

repair processing must be ended by restoration and 

proper tissues mineralization with mechanical strength 

and bone integrity to normalize functionality of the 

affected bone (4). 

For several years, many trials were employed to 

accelerate bone repair and healing regeneration 

processing using internal or external fixation devices, 

as well as different chemical agents, such as 
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Abstract 

Bone grafts/implantation is widely used in veterinary medicine. The present study aimed to evaluate the 

physical, chemical, and mechanical prosperities of irradiated xeno-sheep bony implantation (X-SBI) by low-

level laser therapy (LLLT) implanted in the induced empty defect of the femoral bones in rabbits. A total of 10 

adult rabbits were used to create a 1cm length of the femoral gab surgically; thereafter, the empty space was 

filled with X-SBI and internally fixed by intramedullary pinning with two femoral fragments. The operated 

rabbits were assigned to the un-irradiated control group 1 which was left without laser irradiation, and irradiated 

group (group 2) which was irradiated on a daily basis by a continuous diode laser, a single dose at four points at 

the lateral aspect of the X-SBI for 5 min at a period of 72 intervals for 14th days post-operation with a dosage of 

850 nm, 148.4 J/cm2. The parameters which were used for the evaluation of results after 3rd-month post-

operation were physical, chemical, and mechanical examinations. The physical examination revealed high bone 

density and hardness at the sites of X-SBI of the irradiated group, as compared to the un-irradiated animals. 

Moreover, the chemical analysis demonstrated an increment in the level of bone calcium and phosphorus 

elements, as well as a decrease in the level of magnesium, potassium, and sodium in the irradiated group, as 

compared to the un-irradiated group. The mechanical and fracture tolerance results demonstrated a gradually 

high resistance level of fracture tolerance of irradiated animals, as compared to un-irradiated rabbits. It can be 

concluded that the irradiated X-SBI by LLLT could be used strongly and successfully to fill the empty space in 

the femoral bone, supporting body weight better and faster than the control group, with no complications or 

body rejection.  
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prostaglandins (PGF2a or PGE2), to promote fracture 

healing or bone resorption in the remodeling phase (5, 

6) or facilitate fracture healing using Laser (7-9), stem 

cells, growth factors, extracorporeal shock waves, 

platelets rich plasma (PRP), or omental graft (10). 

Thanoon (11) pointed out that fracture repair 

processing can be stimulated by applying bone marrow 

and PRP. Moreover, the results of a study conducted by 

Zebon (12) indicated that using nano crab shell scaffold 

gave better acceleration repair processing in large bone 

defects. 

In the same context, in their study, Bielby (7) 

suggested that applying low-level laser therapy (LLLT) 

lead to a significant increase in the biological effects in 

the following process: epithelization with fibroblast 

cells stimulation, new collagen fiber production, 

positive phagocytosis stimulation, and bone tissue 

regeneration. Weber, Pinheiro (13) also indicated that 

laser had a stimulatory effect on bone implantation.  

In light of the aforementioned issues, the current 

study aimed to assess the effect of irradiated xeno-

sheep bony implantation by LLLT inserted in the 

femoral bone defect in rabbits. The evaluation was 

conducted based on the following parameters: physical, 

chemical, and mechanical lab analysis.  

2. Materials and Methods 

2.1. Experimental Animals 

A total of 10 apparently healthy adult rabbits of local 

breed, weighing about 1.25-1.5 kg, were housed in 

special cages (40×60×70 cm) for 7 days (in the animals' 

house /veterinary medicine college, university 

Baghdad) for general observation and body adaptation. 

They received an antiparasitic drug (0.1 mg/kg 

Ivermectin). The rabbits were kept in standard cages, 

one in each, under living conditions of a 12-hour 

light/12-hour darkness cycle. The room temperature 

and humidity were maintained at 23°C and 55±10%, 

respectively.  

2.2. Surgical Procedure and Laser Treatment 

All the animals were employed to induce two surgical 

transverse fractures in the femoral diaphysis to remove 

1 cm length of the bone (Figure 1), surgically under 

general anesthesia  (14, 15). Thereafter, the femoral gap 

was filled with a suitable size of xeno- bony 

implantation (Figure 2) which was prepared from the 

sheep ribs (the specimens were freshly collected from a 

slaughterhouse, the soft tissues were removed, and the 

device was washed and cleaned, followed by 

deproteinization). Both the xeno-bony device and the 

two femoral fragments were fixed with intramedullary 

pinning of 2.5 mm diameter  (Figure 3), the operated 

rabbits were subdivided into two groups (n=5). Group 

1, the control group, was followed for normal bone 

healing processing without laser irradiation, while 

group 2, the treatment group, applied a daily dose of 

diode laser (continuous) immediately (k-laser portable) 

after the operation at four points on the lateral aspect of 

the femoral bone exactly at the Xeno bony implantation 

sites for 5 min each  72 h until 14 days post-operation 

at a dose of   850 nm and 148.4 J/cm2 (Figure 4). The 

animals were kept for clinical observation at 3rd-month 

post-operation. The physical, chemical, and mechanical 

examinations were carried out in the physical 

laboratory of Al-nahreen University. All the operated 

rabbits were euthanized with a high dose of an 

anesthetic agent; subsequently, the specimen of bone 

about 1cm length was taken which includes a part of 

the recipient femoral bone and the xeno-bony 

implantation which were kept in 10% nutrient formalin.  

 

 

 

 

 

 

 

 

 

 
Figure 1. Exposing the femoral bone for a transverse fracture 

to remove 1cm of bone 
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2.3. Tensile test 

The rabbits were euthanized by an intravenous 

injection of 1 ml fluanisone/fentanyl (Hypnorms, 

Janssen, Belgium) and 1 ml/kg body weight 

intravenous pentobarbital (Mebumals, Rikshospitalets 

Apotek, Oslo, Norway). Immediately after 

euthanization, the superficial soft tissues covering the 

implants were carefully removed. A hole was made in 

the center of the PTFE cap with a hypodermic needle, 

and pressurized air was applied to remove the caps. The 

tibial bone was then fixed in a specially designed jig to 

stabilize the bone during the tensile test procedure. A 

threaded pin with a ball-head was then attached to the 

implant and adjusted perpendicular to the load cell 

using a level tube. To minimize shear forces, a 300 mm 

long wire was connected between the load cell and the 

ball-head. The tensile test was performed with a Lloyds 

LRX Material testing machine fitted with a calibrated 

load cell of 100 N. The crosshead speed range was set 

to 1 mm/ min. Force measuring accuracy was 71% 

(16). 

2.4. Bone Chemical Analysis 

Photoacoustic (PA) signal analysis based on 

ultrasonic wave detection can provide both high-

sensitivity optical contrast information and micro-

architectural information which is highly related to the 

chemical composition of tissue. In the present study, 

the feasibility assessment of bone composition 

assessment was investigated using the multi-

wavelength PA analysis (MWPA) method which could 

reflect the molecular information. By illuminating a 

bone specimen using laser light with wavelength over 

an optical spectrum ranging from 680-950 nm, the 

optical absorption spectrum of the bone was acquired. 

Thereafter, with the optical absorption spectra of all 

optical absorption chemical components in the known 

bone, a spectral unmixing procedure was performed to 

quantitatively assess the relative content of each 

chemical component. The bone composition of the two 

groups was measured using MWPA at the range of 

690-950 nm at 10 nm intervals (17). 

 
Figure 2. Preparing the satiable size of the sheep Xeno bony 

implantation 

 

 
Figure 3. Both the sheep Xeno bony implantation and the two 

femoral fragments were fixed with intramedullary pinning 

(yellow arrow) 

 

 
Figure 4. Laser irradiation at the treatment group 850 nm 

148.4 J/cm at four points at the lateral side of the femoral 

bone for 5 min at 72 intervals for 14 days  
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2.5. Statistical Analysis 

All measurements of data were made blindly without 

knowing if a treated or untreated specimen was 

evaluated. Statistical analyses were performed using 

Student’s t-test to compare the data from irradiated 

and control groups. The results were considered 

significant when the level of probability was 0.05 or 

less (16). 

3. Results 

3.1. Bone Physical Examination 

The physical examination in both groups revealed 

that the treatment group which was exposed to laser 

irradiation displayed a marked increase in the density 

and hardness of the bone, as compared to the control 

group (Figures 5 and 6). 

3.2. Bone Chemical Analysis 

There was an increase in the levels of calcium and 

phosphor elements in the laser group, as compared to 

the un-irradiated group, while the levels of other 

elements, such as sodium, magnesium, and potassium 

showed a decrease in the total concentration of the laser 

group, compared to the un-irradiated group (Figures 7, 

8, and Table 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. High mineralized bone density of laser group red 

line, as compared to the low bone density of the control group 

blue line 

 
Figure 6. Hardness of the new bone formation, treatment 

group showing more hard red line and the control group 

depicting a less hard bone blue line 

 

 
Figure 7. Different calcium levels of high-level treatment 

group red line and the low-level control group blue line 

 

 

Figure 8. Different phosphor levels between the high-level 

treatment group red line and the low-level control group blue 

line 

 
Table 1. Different element levels between the treatment and control groups 

 

Elements Concentration (wt.%) of irradiated group Concentration (wt.%) of the control group 

Ca 80 75 

P 25 20 

Na 2 3 

Mg 1.5 2 

K 0.04 0.05 
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3.3. Bone Mechanical and Fracture Tolerance 

Analysis 

The treatment group demonstrated more resistance to 

pressure and was able to tolerate the fracture test more 

than the control group (Figure 9). 

 

 

 

 

 

 

 

 

4. Discussion 

The sheep Xeno bony implantation in both groups 

can be used as a space filler, supporting body weight 

and promoting fracture healing, without body 

rejection or complication conducted (18). The use of 

Xeno bony implantation has low immunogenicity and 

can promote healing, fill the spaces, and support body 

weight. 

The irradiated group resist fracture tolerance 

examination, as compared to the un-irradiated group. 

The mechanical and physical test displayed the hard, 

high density with an increase in calcium and phosphor 

levels, as compared to the control group. This statement 

is in agreement with the finding obtained by Pinheiro, 

Oliveira (19), and Liu, Lyon (20) who indicated that 

laser leads to an increase in the volume and opacity of 

callus formation around the bony device, fixing the 

Xeno bony implantation more and supporting the body 

weight. 

The LLLT had positive effects on the bone healing 

leading to more mineral production and deposition lead 

to increased hardness and density of the new bone  

 

formation (21-23) as shown in the results of the 

treatment group which lead to bear the weight even 

after removing the intramedullary pin. As mentioned by 

Pinheiro, Oliveira (19), and Liu, Lyon (20), laser 

irradiation leads to the increased amount and 

mineralized bone tissue, with market collagen fiber 

mineralization and hasten bone cell proliferation onto 

implant surface, resulting in bony incorporation. 

The physical and mechanical test in the laser group 

seemed more density and hardness than the un-

irradiated group and when exposed to the pressure with 

heat the treatment group can tolerate fracture than the 

control group because of the high density during 

mineral deposition (4, 24). 

The chemical analysis showed an increase in the 

calcium and phosphorus levels in the treatment group, 

compared to the control group. Laser power accelerates 

bone regeneration, can be reflected by alkaline 

phosphates activity, and leads to calcium accumulation 

(22, 23, 25). The LLLT increases bone metabolism and 

mineralization in early periods of bone regeneration 

processing (24, 26) referring to bony device changes to 

the active and alive bone by creeping substitution 

process through invading active osteocytes and blood 

vessels from the recipient toward the Xeno bony 

implantation. 

The irradiated Xeno-sheep bony implantation can be 

used in the treatment of bone defect and fracture 

healing processing since it supports body weight 

without body rejection.  
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Figure 9. Graphic design displaying a difference in fracture 

tolerance between the more fracture resistance of treatment 

group red line and the less fracture resistance of the control 

group blue line 
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