
 

Assiut Veterinary Medical Journal                                                      Assiut Vet. Med. J. Vol. 71 No. 186 July 2025, 83-91 

 

83 

 10.21608/avmj.2025.346167.1530                                                     Assiut University web-site: www.aun.edu.eg 

 

EFFECT OF NANO-SELENIUM PARTICLES ON REPAIRING DISTAL 

PART RADIAL BONE FRACTURE IN DOGS:  

RADIOLOGICAL EVALUATION 

 
MARWAN MAHMOD ALHAMDAN 1 AND OMAR ADIL BADER 2 

 

1 Department of Medical Laboratory Techniques, Al-Huwayjah Technical Institute, Northern 

Technical University, Iraq 
2 Department of Surgery and Theriogenology, College of Veterinary Medicine, University of Mosul, 

Mosul, Iraq 
 

Received: 8 February 2025;     Accepted: 18 April 2025 
 

 

ABSTRACT 
 

Nanotechnology science has significantly changed the field of drug development and 

alternative therapies because of its great biocompatibility, low toxicity, and antioxidative 

properties. Nano-selenium is a promising drug delivery vehicle for antioxidant or anti-

inflammatory effects, so the objective of the current study is to evaluate the effect of nano-

selenium particles on distal transverse radial fracture. Twenty-four adult canine’s male which 

were clinically healthy, weighing (25±0.5) kg and 2±0.5 years old, were used. Dogs were 

randomly divided into two equal groups. In the first (control) group, a distal part transverse 

fracture in the radius bone was done and left without adding any material, then reduction and 

fixation were made. In the second (nano selenium) group, a transverse fracture was made, 

then treated by adding selenium nanoparticles suspension at the fracture line, then reduction 

and fixation were done, animals were then monitored clinically and radiographically. 

Clinically, all experimental dogs showed smooth healing without any complications, but 

lameness in the nano selenium group subsided more quickly than in the control group. 

Radiographical results of the nano-selenium group showed good periosteal reaction and callus 

formation from the second week. Moreover, the fracture line disappeared and returned to 

normal bone shape in the eighth week. But in the control group, this finding was less clear 

than in the nano selenium group. The use of selenium nanoparticles accelerated the healing 

process of distal radial transverse fractures. 
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INTRODUCTION 
 

A break in the normal structure and 

continuity of bone is called a fracture. It may 

be chronic, subacute, or acute, and it can 

cause damage to nearby nerves, soft tissues, 

and  blood  vessels (Dowson et al., 2022). In  
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dogs, distal radial fractures have been 

reported as the third most common type of 

fractures and the most prevalent type of all 

radial fractures (Brianza et al., 2006). Also, 

the radius bone is more prone to fracture 

than the ulna because it bears a greater 

portion of the forelimb's weight. The low 

blood supply to the distal radius area and a 

lack of soft tissues surrounding the fracture 

site are thought to be the main causes of 

incomplete or delayed healing of the distal 

radial fracture (Libardoni et al., 2016). 
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According to selenium's piezoelectric, 

photoelectrical, and semiconducting 

qualities, it is considered an element whose 

minuscule amounts are necessary for life, so 

it has attracted a lot of interest in the 

technical, agricultural, and human sciences. 

As an antioxidant, selenium is essential for 

the regulation of reactive oxygen species 

(ROS) and is known to affect several 

physiological processes, such as cell 

differentiation and anti-inflammatory 

properties (Zoidis et al., 2018; Lee et al., 

2021). Technology that works with materials 

at the atomic and molecular levels inside the 

nanoscale range is known as 

nanotechnology. Compared to traditional 

materials, nanomaterials have a number of 

special qualities, such as a greater surface 

area than their actual size (Brannigan and 

Griffin, 2016; Qifei et al., 2016; Nahi et al., 

2024). Several scientific fields, including the 

biomedical sciences, have used and 

introduced nanomaterials. These materials 

mimic natural tissue by offering the right 

extracellular environments for cells to live 

and proliferate inside them (Zhao-Gui et al., 

2011). In medicine, selenium nanoparticles 

(Se NPs) have been used for antibacterial 

applications to prevent the growth of 

bacteria (Tran and Webster, 2011). 

Additionally, it can be employed as an 

osteo-inductive agent by encouraging 

mesenchymal stem cells to differentiate into 

osteoblasts (Fatima et al., 2021). Se 

nanocomposite accelerates the repair of bone 

fractures by promoting the osteogenic 

differentiation and migration of bone 

marrow mesenchymal stem cells (Li et al., 

2019). This project planned to evaluate the 

impact of Se NPs on the healing of induced 

distal radial fractures in dogs radiologically. 
 

 

MATERIALS AND METHODS 
 

Approval Ethics: 

The College of Veterinary Medicine at 

Mosul University's institutional animal care 

and use committee approved the research 

investigation, which was registered 

according to the number UM.VET.2023.105. 

 

Study Design: 

Twenty-four clinically healthy adult male 

canines weighing 25 ± 0.5 kg and 2 ± 0.5 

years old were used in the present study. 

These animals were maintained in animal 

husbandry under the same conditions for 

food and care. Ivermectin 1% (ivermectin, 

Vapco, Jordan) was injected subcutaneously 

to all dogs (0.2-0.4 mg/kg BW) to treat them 

for both internal and external parasites if 

they present. Random distribution was 

employed for grouping the trial animals into 

two equal groups: the control group and the 

nano-selenium group. 
 

Surgical Procedure: 

Throughout general anesthetic protocol of 15 

mg/kg BW ketamine hydrochloride 10% 

(Alfasan, Holand), and 1 mg/kg BW 

Xylazine hydrochloride 2% (Nita Farm, 

Russia) (intramuscularly), and 0.04 mg/kg 

BW Atropine sulfate 1% (Alfasan, Holand) 

which injected into the muscles 

approximately ten minutes earlier, the 

experimental surgical operations were done 

(Bader and Nahi, 2023; Mohammed et al., 

2023). Under aseptic operative procedure, all 

animals had distal complete transverse radial 

fractures, which was performed by wire saw 

(Figure 1 and 2), subsequently fiber glass 

cast tape was used for external immobiliz-

ation of the broken bone, with leaving a 

window above the surgical site to allow 

daily dressing of the wound (Figure 3). In 

the control group, a complete transverse 
fracture in the distal part of radial bone was 

done and left without adding any material, 

then reduction and fixation were made, 

while in nano-selenium group a complete 

transverse fracture was done, then treated by 

adding 1 mL of selenium nanoparticles (50 

nm) suspension at a dose of (125 µg/ml) (El-

Sayed et al., 2023) at the fracture line 

(Figure 4), then reduction and fixation were 

done. 
 

Post-Surgical Follow-up: 

For post-operative care following surgery, a 

daily wound dressing was applied along with 

five days of intramuscular injection of 

penicillin at a dose of 10,000 IU and 
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streptomycin of 20 mg/kg BW  (Penstrep, 

Interchem, Holland), then the thread knots 

were taken out 10-12 days later. 
 

Evaluations: 

All dogs underwent daily physical exams 

until the last day of the study (60 days). 

After surgery, a plain radiographic 

photograph was taken as part of the 

radiological examination of the fractured 

bone to ensure that the two ends of the 

fractured radial fragment were aligned. 

Then, a mediolateral and craniocaudal 

follow-up, by X-ray examination, was 

carried out at 2, 4, 6, and 8 weeks after 

surgery. 

 

  
Figure 1: The induced radial fracture using a 

wire saw. 

 

   Figure 2: The distal part radial fracture. 

 

  
Figure 3: The external fixation of the fractured 

bone by fiberglass cast tape with a 

window above the surgical site. 

 

  Figure 4: The application of nano selenium at 

the fracture site. 

 

RESULTS 
 

Clinically, experimental animals in both 

groups were monitored daily all over the 

experiment, which demonstrated a partial 

reduction in appetite on the first and second 

days, then gradually returned to normal 

appetite. The skin wound from the fractured 

limb healed within the first week following 

the procedure, except for one animal in the 

control group that experienced mild redness 

and edema that subsided after two to three 

days. In the first week animals observed 

fractured limb disuse and lameness, then 

began to bear weight gradually in the 

second, third, and fourth, weeks in the 

control group, while in nano-selenium group 

the weight bear started at the beginning of 

the post operating second week, then 

ultimately complete weight bear with mild 

or no lameness. 
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Radiographic evaluation of the control group 

at the 2nd week postoperative showed 

minimal periosteal reaction of the proximal 

and distal radial fracture segment with a 

clear fracture line (Figure 5). While at the 4th 

week post-operation, there was an increased 

periosteal reaction around the fracture site, 

with the appearance of a fracture line with a 

little callus formation (Figure 6). At the 6th 

week post-operation, periosteal reaction and 

traces of callus formation were observed in 

the fracture site, with moderate bridging of 

the hard callus growth and the fracture line 

still appearing (Figure 7). While at the 8th 

week post-operation, the fracture site 

showed radio-opacity of callus formed at the 

fracture site, which connected the two 

fractured ends and increased fracture line 

disappearance (Figure 8). 

 

  

Figure 5: Radiographic image at 2nd week post-

operation in the control group, showing 

minimal periosteal reaction with clear 

fracture line. 

 Figure 6: Radiographic image at 4th week post-

operation in the control group showing 

increased periosteal reaction around the 

fracture site with appearance of fracture 

line. 

 
 

Figure 7: Radiographic image at 6th week post-

operation in control group showing 

periosteal reaction and traces of callus 

formation in fracture site, with moderate 

bridging of the hard callus growth and the 

fracture line still appearing. 

 Figure 8: Radiographic image at 8th week post-

operation in control group showing radio-

opacity of callus formed at the fracture 

site, which connected the two fracture 

ends and with more fracture line 

disappearance. 

 

Radiographic evaluation of the treated group 

at the 2nd week post-operation showed clear 

periosteal reaction around the fractured bone 

ends, with fracture line appearance and 

presence of periosteal reaction around the 

fracture site (Figure 9). At the 4th week post-

operation, there was good periosteal reaction 

around the fracture site, which bridged the 

line of fracture with blurred fracture line's 

appearance, and the callus crossed the 

fracture line partially, with a semi-clear 

fracture line (Figure 10). While at the 6th 
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week post-operation, there was more 

prominence of periosteal reaction, an 

excellent callus formation that connected the 

two fracture ends with no sign of the fracture 

line appearance of the fracture site, and 

semi-normal medullary canal appearance 

(Figure 11). At the 8th week post-operation, 

there was a decrease in the callus around the 

fracture site, with reconnecting of the 

medullary canal, and the bone took its 

natural shape (Figure 12). 

 

  

Figure 9: Radiographic image at 2nd week post-

operation in the treated group, showing 

clear periosteal reaction around the 

fracture site with fracture line 

appearance. 

 

  Figure 10: Radiographic image at 4th week post-

operation in the treated group showing 

good periosteal reaction around the 

fracture site, bridging the line of 

fracture with a blurred appearance of 

the fracture lines. 

  

Figure 11: Radiographic image at 6th week post-

operation in the treated group showing a 

more prominent periosteal reaction, an 

excellent hard callus formation that 

connected the two fracture ends with no 

sign of the fracture line  

  Figure 12: Radiographic image at 8th week post-

operation in the treated group showing a 

decrease in callus around the fracture 

site, with reconnecting of the medullary 

canal and the bone took its natural shape. 

 

 

DISCUSSION 

 
Every experimental dog exhibited a 

decreased appetite on the first and second 

day, then gradually returned to the normal 

appetite. These clinical symptoms 

disappeared after 4-5 days of the operation. 

These results agreed with Zheng et al. 

(2020), who mentioned that loss of appetite 

in animals with bone fracture is more 

pronounced in the first week after surgery 

and then over time, the physical activity and 

feed intake increased gradually 

 

At first week, the control animals showed 

fractured limb lameness and disuse, then 

gradually subsided in the second, third and 

fourth week, these signs agreed with Bader 
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and Nahi (2023) and AlBattat et al. (2024), 

who described that the pathognomonic sign 

of the fractured limb is lameness which were 

noticed immediately postsurgical operation 

then increased during 24-48 hrs. This may 

be due to pain during the postoperative 

phase, which might be caused by tissue 

congestion. It is thought that greater 

capillary permeability raises intracellular 

pressures, irritating nearby nociceptors in the 

process. While in nano-selenium group 

weight bear began at the beginning of 

second week post operation with mild or 

without lameness, this may be due to the 

nano-selenium effect for reducing the 

lameness occurrence, and this agreement 

with Ding et al., )2021(, who demonstrate 

that, because nano selenium has a good 

biocompatibility and antioxidation 

capabilities, it may be used as a medication 

delivery vehicle for antioxidants or anti-

inflammatory activities. 

 

In the treated group, the radiographical 

results at the 2nd week post-operation 

showed clear periosteum reaction around the 

site of radial fracture and presence of callus 

formation, while there was minimal 

periosteal reaction in the control group. At 

the 4th week post-operation, there was an 

increase in the callus mass that partially 

crossed the line of the fracture in the treated 

group, while in the control group, there was 

an increase in the reaction of periosteum 

around the fracture site with little callus 

formation. At the 8th week in the treated 

group, there is a decrease in callus around 

the fracture site and the fractured bone 

nearly normal shape, but in the control group 

fracture site showed radio-opacity of the 

callus with a bridged fracture line. This may 

belong to the role of nano-selenium particles 

added to the fracture site and this result 

coincides with Zeng et al. (2013); Li et al. 

(2019); Fatima et al. (2021), who pointed 

out that Mesenchymal stem cells from bone 

marrow (BMSCs) provide an effective 

technique for speeding the healing process 

of bone fractures. Bone fracture healing is 

significantly influenced by BMSCs' capacity 

to move to the fracturing site, offer 

antioxidant defense, and demonstrate 

osteogenic differentiation. Nanoparticles of 

selenium have been shown to improve 

immune surveillance, regulate BMSC 

proliferation and differentiation, and protect 

BMSCs from oxidative stress-related 

damage. Karthik et al. )2024( reported that 

Se NPs' anti-inflammatory and antioxidant 

abilities resulted in the rehabilitation of 

catalase (CAT), glutathione peroxidase 1 

(GPx1), and Cyclooxygenase-2 (COX-2) 

mRNA expression, in addition to the 

normalization of Monocyte Chemoattractant 

Protein-1 (MCP-1), Interleukin-1 (IL-1), IL-

6, IL-8, and tumor necrosis factor-α (TNF-α) 

levels which plays a role in bone healing. 

Besides that, Zhang et al. (2024( explained 

that by improving bone marrow MSCs' 

antioxidant capacity in osteogenesis and 

blocking exuberant intracellular reactive 

oxygen species (ROS) accumulation, nano 

selenium can help accelerate fracture healing 

by controlling ROS levels. Alajmi et al. 

(2024) added that Seleno-proteins containing 

selenium in the form of selenocysteine are 

critical for bone remodeling by helping 

matrix mineralization, osteogenic 

differentiation, and cellular proliferation and 

adhesion. 

 

CONCLUSIONS  

 
In conclusion, the use of selenium nano 

material helped to accelerate the 

regeneration of bone tissue with improved 

callus development and a shorter healing 

period. 
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لعظم الكعبرة في  تأثير جزيئات السيلينيوم النانوية في إصلاح كسر الجزء القاصي 

 الكلاب: تقييم إشعاعي 

 
 مروان محمود ، عمر عادل بدر 

 

Email:  omaralbader2003@uomosul.edu.iq       Assiut University web-site: www.aun.edu.eg 

 
أحدث علم تكنولوجيا النانو تغييرًا كبيرًا في مجال تطوير الأدوية والعلاجات البديلة، نظرًا لتوافقه الحيوي الكبير،  

وسميته المنخفضة، وخصائصه المضادة للأكسدة. يعد السيلينيوم النانوي وسيلة واعدة لتوصيل الأدوية للتأثيرات  

المضادة للأكسدة أو المضادة للالتهابات، لذا هدفت الدراسة إلى تقييم تأثير جزيئات السيلينيوم النانوية على الكسر  

 القاصي لعظم الكعبرة. 

 

  0.5±    2( كغم وعمرها  0.5±    25تم استخدام أربعة وعشرون ذكراً من الكلاب البالغة والسليمة سريرياً بوزن )

كسر   إجراء  تم  )السيطرة(،  الأولى  المجموعة  في  متساويتين،  مجموعتين  إلى  عشوائيا  الكلاب  تقسيم  تم  سنة. 

ثم تم إجراء الارجاع والتثبيت.   مادة،  الكعبرة وتركه دون إضافة أي  القاصي من عظم  الجزء  في وعرضي في 

السيلينيوم   جسيمات  معلق  بإضافة  علاجه  ثم  المستعرض  الكسر  اجراء  تم  سيلينيوم(  )النانو  الثانية  المجموعة 

 النانوية عند خط الكسر ثم تم إجراء الارجاع والتثبيت، تم بعدها متابعة الحيوانات سريريا وشعاعيا.

 

من الناحية السريرية، اظهرت جميع الكلاب التجريبية شفاءً سلسًا دون أي مضاعفات، ولكن العرج في مجموعة  

من مجموعة السيطرة. أظهرت النتائج الشعاعية لمجموعة السيلينيوم    أسرعوقت  السيلينيوم النانوية قد تراجع في  

الدشبذ وتشكل  جيد  سمحاقي  تفاعل  الكسر)  النانوية  منطقة  في  المتكون  الغضروفي  الليفي  النسيج  من      (وهو 

إلى العظم  عاد  الكسر  خط  اختفى  كما  الثاني،  في    الأسبوع  ولكن  الثامن.  الأسبوع  في  الطبيعي  مجموعة  الشكله 

 كانت هذه النتيجة أقل وضوحًا مما كانت عليه في مجموعة السيلينيوم النانوية. الظابطة

 

الكسر    استخلصت من  الشفاء  عملية  ويسرع  يعزز  النانوية  السيلينيوم  جسيمات  استخدام  أن  إلى  الحالية  الدراسة 

 الكعبري القاصي. 
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