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ABSTRACT 

This study assessed the regenerative potential of a bioactive glass–

acacia gum composite for repairing critical-sized radial bone defects in 

rabbits. Under general anaesthesia, a 10mm segmental defect was 

created in the distal radius. Over 12 weeks macroscopical examination 

showed proper implant integration in the treated group, with no signs 

of infection or rejection, while control animals exhibited persistent 

fibrous tissue and non-union. Histopathologically, the treated group 

showed early hyaline cartilage and trabecular bone formation with 

continued ossification and reduced inflammation due to the acacia 

gum additive which minimized inflammatory response and controlled 

bioactive glass degradation. In contrast the control group does not heal 

spontaneously and remains filled with fibrous connective tissue. These 

results demonstrate that the BG–acacia composite reflecting both 

osteoconductive and anti-inflammatory properties of the implant and 

supports reliable bone regeneration and may serve as a promising 

implant in critical defect repair. 
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Introduction   
Bone defects, especially critical-sized ones, 

pose significant challenges in veterinary 

orthopedics due to their limited capacity for 

natural healing and defects often lead to delayed 

or non-union, particularly in long bones like the 

radius (1, 2). Traditional treatments such as 

autografts and allografts are commonly used but 

come with drawbacks. Autografts are effective for 

bone repair but their use is limited by the 

inadequate availability of donor tissue and the 

potential complications or morbidity at the donor 

site (3, 4), while allografts bring a danger of 

rejection from the immune system and 

transmission of disease. This has led to increased 

interest in synthetic alternative materials for soft 

tissue and bone regeneration (5, 6, 7, 53, 54). 

Recent studies reported successful bone 

regeneration using both synthetic and biological 

scaffolds. Eggshell hydroxyapatite (8), crab shell 

nanocomposites (9), and MgO-hydroxyapatite 

blends (10) showed strong osteoconductivity. 

Biological materials like swim bladder matrices 

(11) and xeno-bovine bone (12) also promoted 

healing in critical defects. 

Among synthetic materials, Bioactive glass, 

which was developed by Larry Hench in the 

1960s, has gained attention, particularly the 45S5 

formulation that is known for its 

osteoconductivity and ion-releasing bioactivity 

(13, 14). However, its amorphous silicate 

structure and lack of plasticity contribute to its 

brittleness which limits its mechanical strength, 

especially in load-bearing sites (15). To overcome 

this, natural polymers like Acacia gum have been 

used to form composites that improve stress 

distribution and reduce fragility. Further 

enhancements have been achieved by combining 

Acacia gum with biocompatible agents such as 

chitosan or gelatin, leading to improved 

flexibility, degradation control, and cellular 

response (16). 

This study was designed for the purpose of 

evaluating the effectiveness of a bioactive glass–

Acacia gum composite in repairing critical radial 

bone defects in rabbits, using macroscopic and 

histopathological assessments to compare healing 

outcomes with untreated controls, providing 

insights into next-generation bone graft substitutes 

for veterinary orthopedic applications. 

MATERIALS AND METHODS 

Ethical Approval  
The experiments performed in this study were 

approved by the local Animal Care and Use 

Committee, College of Veterinary Medicine, 

University of Baghdad (Approval No: 

P.G/315/2025, dated 6 Feb 2025). 

Experimental Animals  
Thirty adult healthy male rabbits (wt. 1.5±1 

kg) were enrolled in the study. All animals 

underwent baseline clinical screening and were 

acclimated for 2 weeks in standardized units (30 × 

70 × 60 cm) under controlled conditions. Animals 

were maintained on a standard diet and had 

unrestricted access to clean water. Prophylactic 

antiparasitic management was implemented via a 

subcutaneous injection of Ivermectin (0.2 mg/kg) 

to ensure optimal health status. 

Experimental Design  
Thirty experimental rabbits were randomly 

divided into two groups (n=15). A 10 mm 

longitudinal segmental defect was surgically 

created in the distal portion of the left radius of 

each animal. In control group was left untreated 

defect, while the treated group received a 

bioactive glass implant. Both groups were 

evaluated at 4, 8, and 12 weeks postoperatively 

through macroscopic and microscopic 

assessments to monitor bone regeneration and 

defect bridging. 

Fabrication of bioactive glass 
The bioactive glass was synthesized based on 

the standard [45S5] Bioglass® composition (45 

wt% SiO₂, 24.5 wt% Na₂O, 24.5 wt% CaO, and 6 

wt% P₂O₅) (Table 1), consistent with the 

formulation used by (17). Raw materials were 

homogenized (Fig. 1 A) and melted in a graphite 

crucible at 1200°C for one hour (Fig. 1 B) a 

temperature validated for bioglass systems by 

(18). The molten mixture was rapidly quenched to 

prevent crystallization, and the resulting glass was 

manually ground into a fine powder.  A solution 

of acacia gum was prepared according to the 

described method by (19), where (20g) of acacia 

powder was dissolved in (100ml) of distilled 

water and then stirred at room temperature using a 

magnetic stirrer to form a 5% w/v solution (Fig. 1 

C). This solution was then combined with 

bioactive glass powder to form a paste, which was 

molded and compressed using a manual hydraulic 

press (Fig. 1 D) then take the implant out then 

contoured to conform the appropriate size (Fig. 1 

E) that fitted with the defect and dry it by oven in 

150°C to form bioactive glass implants and 

sterilized using ultraviolet (UV) light (20). The 

final product was analysed by Scanning-Electron-

Microscopy (SEM) and X-ray-Diffraction (XRD) 

to assess its microstructure and crystallinity. 
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Table 1. Ingredients (wt%) and amount of powder (in grams) required for a 100 g batch of BG. 

Name Composition (wt%) Quantity of powders (g) 

Silicon dioxide (SiO2) 45.00 45.00 

Sodium carbonate (Na2CO3) 24.50 41.87 

Calcium carbonate (CaCO3) 24.50 43.70 

Phosphorus pentoxide (P2O5) 6.00 9.72 

 
Fig. 1: Photographs show the steps to fabrication of bioactive glass. (A) Grind and mix the materials by 

mortar and pestle. (B) The powder poured in graphite crucible and melted using high-temperature furnace at 

1200C for 1 hr. (C) dissolved acacia powder with DW to prepare Arabic gum (D) pressed the mixture with 

handheld hydraulic compaction machine (E) bioactive glass implants 

Scanning electron microscopy (SEM) 
The implant was analyzed by scanning electron 

microscopy (Axia-chemi-SEM \Thermo-

scientific
©
), at Al-khora for general trading for 

nanotechnology analysis. The size of the samples 

used in SEM was (3mm*3mm*10mm). Dried 

samples were wrapped in aluminum SEM sample 

mounts (Electron Microscopy Sciences) and 

sputter-coated with gold using a sputter coater 

(Quorum/ Q150 RES) prior to testing. Finally, the 

samples were examined at 5,000 and 10,000 μm 

magnifications. 

Analysis of X-ray diffraction  
In XRD analysis of bioactive glass was done 

using a diffractometer (Aeris research edition 

XRD\ Panalytical
©
). The diffraction analysis was 

achieved with Cu as radiation source, 40 Kv high 

voltages, 30 mA current, and a scan speed of 5/ 

min, to obtain structural information on an atomic 

scale from materials. The diffraction patterns were 

obtained in the 2Ɵ” range from (20° - 70°). 

 

 

Surgical Procedure:  

Anesthetic protocol:  
General anesthesia was achieved via 

intramuscular administration of a ketamine-

xylazine combination, consisting of 40 mg/kg 

ketamine (10%, Alfasan, Netherlands) and 5 

mg/kg xylazine hydrochloride (2%, VMD, 

Belgium) (1, 21, 22). 

Surgical operation: 
All surgeries were performed aseptically with 

in lateral recumbency. approximately 3-5 cm of 

skin incision at cranio-medial aspect; The left 

radial flexor carpi-radialis and extensor carpi-

radia-longus was blunt separated then exposed the 

radius bone (Fig. 2 A) and locating the defect and 

marking the site of osteotomy. A 10-mm 

segmental defect was created in the distal radius 

using an electric saw (Fig. 2 B). In the treatment 

group, the defect was reconstructed using a press-

fitted bioactive glass implant (Fig. 2 C), while in 

the control group, it was left empty. Muscle and 

skin layers were closed with routinely used 

absorbable sutures 3/0 PDS (Fig. 2 D). 
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Fig. 2: Photographs show the BG implantation in rabbit radius defect. (A) Marking the bone defect (B) 

create10-mm radial segmental defect in distal shaft of radius and observation it is dimensional compatibility 

with BG implant (C) The defect was filled with BG implant in treated group while control group left empty 

(D) The skin was sutured by subcuticular suture technique. 

Postoperative care  
The limb was immobilized using gauze and an 

insulin syringe splint, then secured with adhesive 

tape to prevent self-trauma. The surgical site was 

monitored every 48 hours. Ceftiofur sodium 

(40mg/kg, subcutaneous once daily for 3 days 

(Anova
®
) and Meloxicam (1.5mg/kg, 

subcutaneous once daily for 3 days (Anova
®
) were 

administered for infection control and analgesia. 

The wound was maintained clean and dry 

throughout the recovery period. 

Macroscopic Examination 
The experimental animals were euthanized 

using a high dose of general anesthesia with 

ketamine hydrochloride at the end of the 4
th
, 8

th
, 

and 12
th
 week post-operation. The surrounding 

tissue of the left radius was dissected and 

examined grossly to assess the degree of bone 

defect bridging and the integration of the implant 

with the bone and compered with the bone site of 

the control group animal that was left empty. 

Histopathological Examination 
The experimental animals were euthanized 

using a high dose of general anaesthesia with 

ketamine hydrochloride at the end of the 4th, 8th, 

and 12th week post-operation each period had 10 

animals euthanized, the histopathological 

evaluation focused on bone union, implant 

rejection, and healing stages. Samples were fixed 

in 10% buffered formalin (10:1 ratio) for 3 days, 

then decalcified using 10% formic acid with 

sodium citrate. After confirming decalcification, 

longitudinal 5μm sections were prepared and 

stained with haematoxylin and eosin (H and E) for 

microscopic analysis. 

RESULTS and DISCUSSION 

RESULTS 
Scanning Electron Microscope (SEM) 

The SEM analysis of the bioactive glass implant 

revealed a well-organized, interconnected porous 

structure with pore sizes ranging approximately 

from 10 - 90 μm. A broad peak observed in the 

SEM results further indicated the high purity of 

the bioactive glass. SEM images showed the 

presence of partial crystalline surfaces, evidenced 

it can improve the mechanical strength without 

greatly affecting the bioactivity (25). The sample 

also exhibited high porosity and well-

interconnected micron-sized pores. These 

morphological characteristics highlight the 

material's potential to support cell infiltration and 

bone tissue regeneration due to its interconnected 

porosity and optimal pore dimensions. (Fig. 3) 

 

 

 

Fig. 3: SEM shows (A), presence of surface crystals. (B) formation a surface with various particle size (C) a 

well-connected porous structure with pore sizes approximately 10 to 90μm. 

 

A B C 
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X-ray Diffraction (XRD) 
The XRD analysis, showed that the samples 

predominantly exhibited an amorphous structure 

with minor crystalline phases. Distinct diffraction 

peaks appeared at 2θ values of approximately 

22.09°, 24.47°, 30.52°, 34.08°, 36.72°, 40.89°, 

43.58°, and 47.65°, corresponding mainly to 

calcite and sodium-calcium silicate phases. The 

peak intensities ranged from low to moderate 

counts, confirming partial crystallinity (Fig. 4). 

 
Fig. 4: legend of X-ray diffraction (XRD) pattern 

of the synthesized bioactive glass. The absence of 

many sharp peaks and the presence of several 

hump confirm the amorphous structure of the 

material, indicating successful rapid quenching 

during fabrication. 

Macroscopic Evaluation 
In the control group at early time 4weeks 

postoperatively, the bone defect gap remained 

visibly open with minimal bone reaction. There 

was no evidence formation of newly bone or 

bridging across the defect site, and the margins 

were sharply defined. The defect was mainly 

filled with fibrous tissue, indicating the absence of 

significant osteogenic activity (Fig. 5-A). While 

in 8 weeks the size of the bone gap decreased due 

to partial bridging at the distal edge of the defect. 

This suggests some biological response with 

initial phases of the healing cascade, although the 

defect was continued visibly open, highlighting 

the insufficient natural healing response in 

critical-sized defects without intervention (Fig. 5-

B). Although at 12 weeks the defect shows 

incomplete bridging of the defect and continued to 

be predominantly filled with fibrous connective 

tissue with slant bridging with the ulna bone, this 

indicates that full regeneration was not achieved, 

and the defect remained unhealed, signifying a 

failure of spontaneous healing to restore the defect 

within the 12 weeks period (Fig. 5-C). In contrast 

the treated group at 4 weeks postoperatively the 

defect was filled with dense BG implant which 

appeared to occupy the entire gap, this early 

presence of the material suggests good initial 

implantation and filling of the defect space and 

new tissue deposition was noted around the 

implant, reflecting early osteogenic activity 

enhanced by the treatment (Fig. 6-A). While in 8 

weeks the defect margins appeared less distinct 

due to new bone deposition and mineralization, 

and the BG implant showed signs of incorporation 

into the surrounding bone tissue, indicating early 

integration and osteoconductive activity (Fig. 6-

B). Although at 12 weeks complete bony bridging 

was achieved, with the defect margins fully 

obscured with rigid binding between the implant 

and host bone. This indicates successful defect 

closure and material integration (Fig. 6-C). 

 

 

  

 

 

 

 

 

 

Fig. 5: macroscopical images of the control group showed (A) at 4
th
 week shows the bone defect gap seen 

visibly with minimum distal reaction. (B) At 8
th
 week, a notable reduction in defect size, with progressive 

extension from both proximal and distal radial segments toward the centre of the defect. (C) At 12
th
 weeks, 

the defect area continued to decrease and the bone exhibited toward the ulna where continuity was not 

achieved leading to the develop of non-union. 
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k 
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k 
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Fig. 6: macroscopical images of the treated group showed (A) at 4
th
 week shows the BG-implant covered 

with tissue and blood as a result of interaction with the bone edges. (B) At the 8
th
 weeks, the implant’s 

reduced size shows that bone integrates with it and adheres more to the ends of bone defect. (C) at 12
th
 weeks 

shows the implant is well incorporated with the radius bone and the margin is indistinguishable. 

Histopathological Evaluation 

Control Group 10-mm 
At 4 weeks revealed the presence of loosely 

organized granulation tissue occupying the entire 

defect area. The tissue was characterized by dense 

vascularization with multiple congested 

capillaries, along with a prominent infiltration of 

inflammatory cells, including macrophages and 

plasma cells. Fibroblasts were diffusely 

distributed throughout the extracellular matrix, 

indicating an ongoing reparative response. 

However, no observation of the newly formed 

bone within the central area of the defect. The 

margins of the native bone remained clearly 

demarcated and showed no significant inward 

growth. There were no signs of osteoblast activity, 

osteoid deposition, or calcification, and the defect 

remained in the early inflammatory and 

proliferative stages of healing (Fig. 7). At 8 

weeks, the histological features showed a 

transition from granulation tissue to dense fibrous 

connective tissue occupying the defect. Although 

the inflammatory infiltrate was reduced compared 

to the 4-week time point, fibroblasts were 

abundant and embedded in a collagen-rich 

extracellular matrix. Peripheral regions of the 

defect demonstrated early trabecular bone 

formation adjacent to the native bone, but there 

was no significant extension of these trabeculae 

into the central defect area. The central core of the 

defect remained fibrous and avascular, with no 

signs of osteogenesis or angiogenesis within the 

central zone. The findings indicate partial wound 

stabilization, but bone regeneration remained 

limited to the periphery, failing to bridge the full 

defect (Fig. 8). At the 12-weeks post-operation, 

the defect site was mostly filled with dense 

fibrous connective tissue, with minimal or no 

vascular structures evident. There was a lack of 

inflammatory cell infiltration, suggesting that the 

acute phase of healing had subsided. However, 

there was no indication of new bone formation 

within the defect, and the central area remained 

devoid of osteogenic activity. Peripheral areas 

showed thin rims of trabecular bone adjacent to 

the original bone margins, but these structures did 

not advance into the defect to any appreciable 

extent. The absence of osteoblasts, osteoid matrix, 

calcification, or remodelling activity confirmed 

the failure of spontaneous bone regeneration in 

this critical-size defect. The overall histological 

profile is consistent with a non-healing defect, 

characterized by fibrous tissue encapsulation and 

permanent structural discontinuity (Fig. 9). 

 

 

 

 

 

 

 

 

4wk 8wk 12wk 

A B C 



Tikrit Journal of Veterinary Sciences (2025) 1(2): 119-133 

DOI : 10.25130/tjvs.4.2.14 

  

 

125 

Fig. 7 In control group, at 4th, shows: (A) shows the defect space completely replaced by rich highly 

vascular granulation tissue filled between two ends of bone (B) infiltrated by moderate mononuclear cell 

with congested capillaries that filled with inflammatory cell. (400X). GT: granulation tissue\ HB: host bone\ 

red arrow: congested capillaries\ yellow star: inflammatory cell 

 
Fig. 8 In control group, at 8th, shows: (A) a large amount of granulation tissue completely bound the space 

of host bone with (B) an inflammatory response and slight cellular infiltration with scattered irregular newly 

formed collagen fibers. (400X). CT: collagen fibrous \H.B.: host bone\ yellow arrow: minimal ossification\ 

green arrow: fibroblast\ red arrow: osteocyte 

 
Fig. 9 In control group, at 12th, shows: (A) Mature collagen fibrous connective tissue fills the defect space 

with sub-peripheral formation of newly formed bone attached to host bone (B) shows remnants of scattered 

osteocytes with slightly inflammatory cells. (400X). CT: collagen fibrous \H.B.: host bone\ yellow arrow: 

minimal ossification\ green arrow: osteocyte\ red star: haversian canal  

Treated Group 10-mm 

At 4 weeks post-operation, histological 

examination of the treated group revealed the 

presence of thin, newly formed trabeculae 

extending into the defect area. These trabeculae 

were embedded within a matrix rich in immature 

hyaline cartilage, which occupied a substantial 

portion of the defect. The cartilage appeared to be 

undergoing early stages of endochondral 

ossification, a hallmark of effective bone 
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regeneration in large defects. Scattered remnants 

of peripheral marrow tissue were noted, indicating 

partial preservation of the regenerative 

microenvironment. The presence of both cartilage 

and trabeculae indicates a dual pathway of bone 

repair, combining chondrogenesis with early 

osteogenesis (Fig. 10). By 8 weeks, the defect 

area demonstrated clear histological progression 

toward mature bone formation. The granulation 

tissue had become more organized and collagen-

rich, supporting the formation of new trabeculae, 

which extended deeper into the defect space. 

Mature chondrocytes were observed within 

cartilage islands, further supporting the process of 

endochondral ossification. Additionally, 

mononuclear inflammatory cells and 

multinucleated osteoclasts were present. This 

cellular activity indicated ongoing remodelling 

and turnover of the developing bone matrix. These 

findings align with a transitional phase of healing 

characterized by both osteogenesis and active 

tissue remodelling (Fig. 11). At 12 weeks post-

operation, the defect area in the treated group was 

largely filled with thick, well-organized trabecular 

bone, bridging the defect and integrating with the 

surrounding native bone. The newly formed bone 

showed signs of active remodelling, including the 

presence of osteoblasts lining the trabeculae and 

scattered osteons in development. Mature 

chondrocytes persisted in limited zones, 

suggesting the tail end of endochondral 

ossification, now giving way to full 

intramembranous bone formation. Residual 

granulation tissue was still visible in the 

periphery, accompanied by moderate 

mononuclear cell infiltration, reflecting ongoing 

remodelling. The overall architecture and cellular 

composition indicated a near-complete 

regenerative response in a defect that would 

otherwise fail to heal spontaneously (Fig 12). 

 

 
Fig. 10 In treated group, at 4

th
 week, shows: (A) Newly formation of hyaline cartilage that is attached with 

thin trabecula formation at the site of defect accompanied with a prominent (B) large amount of 

chondrocytes with remnants of peripheral marrow tissue (400X). Green arrow: hyaline cartilage\H.B.: host 

bone\ yellow star: trabecular bone\ yellow arrow: marrow tissue\ red arrow: chondrocyte 

Fig. 11 In treated group, at 8th week, shows: (A) limited woven bone formation at the edge of host bone 

associated with significant develop persistent mature hyaline cartilage (chondrossification) filled with 

various develop forms of chondrocyte with (B) infiltrated by mononuclear cells and contain mature 

hypertrophic chondrocyte adjacent to the host bone with several capillaries. (400X). Green arrow: hyaline 

cartilage \ orange star: chondrocyte \ yellow arrow: osteoclast\ red arrow: haversian canal\ blue arrow: 

osteoblast 
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Fig. 12 In treated group, at 12th week, shows: (A) Newly formed thick trabecular bone with fibrous tissue, 

which is infiltration of numerous mononuclear cells, (B) trabecular bone lining with osteoblast and osteoclast 

with mononuclear cells. (400X). Green arrow: hyaline cartilage \ orange star: mononuclear cell\ yellow 

arrow: trabecular bone\ red arrow: haversian canal\ blue arrow: osteoblast \ red triangle: osteoclast 

DISCUSSION 
The SEM showed that the BG implant had 

pores of 10-90 µm, which would be the most 

favourable pore size in agreement to promote the 

cellular attachment, migration, and ingrowths of 

tissue. This high-porosity is essential for the initial 

healing phases, because it permits vascularity and 

cells infiltration necessary to osteogenesis (23). 

The interconnected pore structure of the implant 

also promotes nutrient exchange and 

neovascularization, which improves biological 

bonding between the implant and host bone (24). 

SEM images also showed the structural partial 

crystallinity, even in the process of a molten-

quenched fabrication. This characteristic is 

probably due to the localized crystallization that 

occurs during cooling and is not an inconsistency 

in terms of functionality, but, actually, a useful 

one, because it can improve the mechanical 

strength without greatly affecting the bioactivity 

(25) Although there are some crystalline phases 

seen in the SEM images, it is well known that 

some crystallinity in a melt-derived glass can be 

present as a result of the cooling rate of the melt 

or slight variation in the glass composition. These 

crystalline areas support stability and act as 

nucleation points for bone-like apatite, which is 

essential for osteointegration. (42). XRD analysis 

revealed diphase material in which the presence of 

predominated amorphous phase (broad hump) 

with weak crystalline diffraction Peaks at around 

2θ ≈ 

(22.09°,24.47°,30.52°,34.08°,36.72°,40.89°,43.58

°, and 47.65°). The amorphous silico-phosphate 

matrix allows bioactivity by ion release (Ca, Na, 

and P ions), whereas the calcite and sodium-

calcium silicates enhance the implant stiffness and 

mechanical behavior (13, 25, 26). This 

amorphous-crystalline structure combines 

mechanical strength and bioactivity, rendering it 

well-suited for load-bearing bone reconstructive 

surgeries (15).  Bioactive glass surface reacts to 

release ions like Si⁴⁺, Ca²⁺, Na⁺, and PO₄³⁻. These 

ions are essential in the facilitation of cellular 

responses such as osteoblast proliferation and 

differentiation, angiogenesis and ultimately 

promotion of the bone healing process (15). 

Especially, the outflow of calcium and phosphate 

ions leads to fast growing of the 

hydroxycarbonate apatite layer on the glass 

surface, which is similar to bone mineral phase. 

Such a bioactive surface promotes cell attachment 

and an environment for new bone matrix to form 

(13, 15). As for the precursor material, acacia gum 

was chosen because of its multi-functionality. It is 

also a natural binder, stabilizer, and possibly 

bioactive material (43) From a chemical point of 

view, acacia gum carries Ca, Mg and K that can 

be incorporated either in the bioactive glass 

matrix or improve its biological behaviour. It also 

increases the homogeneity of the melt when 

formed. It is also well known from previous work 

(44) that the addition of a natural polymer like 

acacia can improve the dispersion and 

compatibility of bioactive phase in hybrid 

composites, this method is innovative because it 

employs a natural excipient in the melt‐derived 

BG system, which may assist in enhancing its 

biocompatibility and osteoconductive ability (45). 

The macroscopic evaluation of untreated 10-mm 

segmental radial defects over a 12-week 

observation period consistently demonstrated 

insufficient healing, underscoring the inherent 

limitations of natural bone regeneration in critical-

sized defects. 4 weeks after surgery, no obvious 

evidence of defect bridging or new bone 
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formation was observed; the bone defect was 

mostly filled with fibrous connective tissue. This 

observation suggests that osteogenic activity is 

low and that, according to my interpretation, the 

defect is larger than the bone’s endogenous ability 

for spontaneous healing which consistent with 

(27) who found that the untreated critical-sized 

radial defect left in rabbit featured inert bone 

ends, and no signs of bone generation after one 

month. The macroscopic observations at the 8-

week stage demonstrated no bridging tissue, and 

the defect was still filled predominantly with 

fibrous material, which suggested that only 

limited repair had occurred. This stasis 

demonstrated the inability to regenerate 

spontaneously in large segmental defects which is 

also a conclusion attained by (30, 28) who showed 

that these defects need a stimulus from outside for 

proper healing. After 12 weeks, the macroscopy 

of the defect indicated a stagnation of the natural 

healing response, without remarkable further 

improvement compared to earlier time points. The 

lack of complete bridging and the degree of 

unmineralized, fibrous tissue are further support 

of the fact that critical size defect do not 

completely heal without assistance. This result is 

in line with reports from (29), where untreated 

critical- size long bone defects notoriously failed 

to heal for prolonged time intervals, with 

characteristic chronic fibrous non-union patterns. 
The treated group showed a significant difference 

in the healing score compared with that of the 

untreated group at all time points. At 4 weeks the 

defect was entirely filled with a solid BG implant 

that seemed to entirely fill in the defect space. The 

early appearance of the material reflects the 

successful implantation and filling of the defect. 

Also new tissue formation around the implant was 

found indicating an early osteogenetic activity 

induced by the treatment (46). I believe this result 

demonstrates obvious proof of the implant’s 

capacity for establishing a good 

microenvironment to promote and speed up the 

beginning of bone formation. The defect rim 

blurred markedly at 8 weeks, as obvious 

deposition and mineralization of new bone were 

observed, and a BG implant started to integrate 

with the surrounding native bone tissue (47). This 

reflects the beginning of osteoconductive function 

and the biological response of the implant to the 

host tissue. As far as my interpretation goes, these 

findings indicate that the BG implant is not 

merely a passive structural filler, but is also 

functionally involved in the regenerative process 

by promoting both cell invasion and matrix 

mineralization. At the 12-week time period, there 

was no visible defect line, the defect margins were 

completely hidden, and the bridging appeared 

solid between the implant and the host bone (48). 

This demonstrates a closure of the defect and the 

biological integration of the implanted material, 

showing a good potential of BG to foster the 

functional repair of bone at critical sizes (47). In 

the histologically, the untreated group 

demonstrated continuous fibrous connective tissue 

fills the defect space with sub-peripheral 

formation of newly formed bone attached to host 

bone with chronic inflammatory reaction, and no 

osteoblast activity at any time point. This arrested 

healing is a pattern that is characteristic of the 

pathologic fibrous non-union as reported by others 

(31, 32, 33) These findings reconfirm the clinical 

demand of critical-sized segmental bone defects 

and the requirement for implant that induce 

osteogenesis (34, 35, 36). By contrast, the treated 

group displayed phased and synchronized bone 

generation. At 4 weeks there were new trabeculae 

surrounded by immature cartilage suggesting 

early endochondral ossification which mean the 

implant encouraging the chondrocyte to 

infiltration (52) However, relatively preserved 

marrow architecture was indicative of a 

favourable microenvironment encouraging 

osteoprogenitor recruitment and differentiation. 

This combined chondrogenesis before 

osteogenesis is in accordance with that reported 

by (37, 38), who emphasized that the cartilage can 

be a temporary scaffold for bone in large defects. 

One important aspect to address regarding 

histology is the visualization of the implant 

material. In certain areas, the bioactive glass may 

appear as voids or unidentified area. This is an 

artifact of the traditional histological technique 

processing of inorganic materials. Dissolution of 

the bioactive glass is possibly due to the 

decalcification step involving formic acid before 

sectioning. As reported by (49), powerful acid 

decalcification agents can breakdown or eliminate 

inorganic phases, such as calcium silicates, by 

acid-catalysed degradation, resulting in voids in 

paraffin-embedded tissue. Furthermore, the 

staining method H and E does not allow detecting 

of inorganic substances. As outlined by (51) H 

and E stains are partly directed towards inorganic 

cellular and extracellular material; haematoxylin 

stains nucleic acids but has affinity for basophilic 

structures, and eosin stains ionizable proteins and 

molecules but has an affinity for acidophilic 

structures. On the contrary, the studies by (50) 

showed that it is possible to extract particles from 

the implant without degrading the structure of the 

silica network by using a less aggressive chelating 
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agent, i.e. EDTA. EDTA processing does make 

for better visualisation of both mineralised tissues 

and implanted biomaterials. Despite a lack of 

these imaging capabilities, the biological response 

to implanted BG was vividly demonstrated by 

increased osteoblast activity and new bone 

formation. These histological observations are in 

agreement with the gross examination of the 

tissue prior to decalcification thus lending strong 

support to the implant osteoconductive and 

osteoinductive properties (13). By 8 weeks mature 

chondrocytes and osteoclastic activity indicate 

active remodelling, an effective sign of bone 

regeneration. This osteogenic sequence resembles 

the cellular interplay reported by (39) and is also 

consistent with previous observations of a 

dynamic equilibrium between matrix production 

and matrix degradation during bone healing. 

Additionally, there is a full integration with host 

tissue through the hyaline cartilage and newly 

trabecular bone formation. At 12 weeks, 

histological sections revealed mature trabecular 

bone, osteon formation, and bridging of the defect 

area. There was only minimal cartilage and 

residual granulation tissue noted at the periphery, 

indicative of continued angiogenesis and late 

remodelling. These results are consistent with 

those reported from (40, 41) who performed 

comprehensive study on in vivo studies of 

bioactive glass in critical size bone defect models 

showing the osteoconductive and osteoinductive 

properties of bioactive glass and its ability to 

enable progenitor cells to migrate, attach, and 

subsequently differentiate into osteoblasts and the 

in-growth of newly formed bone tissue. In 

summary, bioactive glass mix with acacia gum - 

could induce successive bone regeneration in a 

critical-sized radial defect model. It exhibited a 

beneficial combination of bioactivity, mechanical 

stability due to amorphous with partial 

crystallinity, and open porous structure. the 

regenerative paraphenomena was clear on the 

basis of macroscopical and histopathological 

findings. These results indicate the potential of 

natural polymer and bioactive glass-based hybrid 

implant in the context of clinical issues related to 

large segmental bone defects. 

CONCLUSIONS 
The present study was conducted to assess the 

regenerative potential of Bioactive Glass (BG) 

and acacia gum (AG) in healing critical sized 

radial bone defects in rabbits. The BG implant 

possessed good biocompatibility and no side 

effect were observed. The macroscopically 

showed bone integration was evident and 

histopathologically there was evidence of hyaline 

cartilage and trabecular bone formation indicating 

osteoconductive and osteoinductive characteristics 

while the untreated group showed continuous 

fibrous connective tissue and non-union healing. 
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الحيوي النشط في اصلاح العيوب العظمية الحرجة في التحليل العياني والنسيجي لاستخدام الزجاج 

 عظم الكعبرة لدى الأرانب

 
2 أريج كامل مهدي , 1حيدر فتاح سلوم                                                   

 
 .العراق –بغداد  -كلية الطب البيطري جامعة بغداد -فرع الجراحة والتوليد 1,2

    

 الملخص

هذفذ‏هذِ‏انذراسخ‏انً‏رقُُى‏فؼبنُخ‏يزكت‏انشجبج‏انذُىٌ‏يغ‏صًغ‏الأكبسُب‏فٍ‏اصلاح‏انؼُىة‏انؼظًُخ‏انذزجخ‏فٍ‏

يهى‏فٍ‏انجشء‏انقبصٍ‏نؼظى‏انكؼجزح.‏‏01ػظى‏انكؼجزح‏نلأراَت.‏رذذ‏رأثُز‏انزخذَز‏انؼبو،‏رى‏إدذاس‏ػُت‏ػظًٍ‏ثطىل‏

‏ايزذد‏ ‏أظهزد‏انفذىصبد‏انؼُب‏01وخلال‏فززح ‏دوٌ‏وجىد‏ػلايبد‏أسجىع، ‏انًؼبنجخ، ‏اَذيبج‏انغزسخ‏فٍ‏يجًىػخ َُخ

‏انُبدُخ‏ ‏يٍ ‏انؼظى. ‏انزذبو ‏وػذو ‏دائى ‏نُفٍ ‏َسُج ‏انسُطزح ‏يجًىػخ ‏فٍ ‏انذُىاَبد ‏أظهزد ‏دٍُ ‏فٍ ‏رفط، ‏أو ػذوي

انُسُجُخ،‏أظهزد‏يجًىػخ‏انًؼبنجخ‏ركىٌّ‏غعزوف‏سجبجٍ‏وػظى‏اسفُجٍ‏واسزًزار‏ػًهُخ‏انزؼظى،‏يغ‏اَخفبض‏فٍ‏

الانزهبة‏ثفعم‏إظبفخ‏صًغ‏الأكبسُب‏انذٌ‏سبهى‏فٍ‏رقهُم‏الاسزجبثخ‏الانزهبثُخ‏وانزذكى‏فٍ‏رذهم‏انشجبج‏انذُىٌ‏‏يسزىي

ػهً‏ػكس‏يجًىػخ‏انسُطزح‏نى‏رظهز‏شفبء‏رهقبئٍ‏وثقُذ‏يًزهئخ‏ثبلأَسجخ‏انهُفُخ‏انعبيخ‏ورىظخ‏هذِ‏انُزبئج‏أٌ‏يزكت‏

خ‏نزكىٍَ‏انؼظى‏ويعبدح‏نلانزهبة،‏وَذػى‏رجذد‏انؼظى‏ثشكم‏فؼّبل،‏صًغ‏الأكبسُب‏َزًزغ‏ثخصبئص‏رذفُشَ–انشجبج‏انذُىٌ

‏وقذ‏َكىٌ‏خُبرا‏ًواػذا‏ًفٍ‏رزيُى‏انؼُىة‏انؼظًُخ‏انذزجخ.

‏‏‏‏‏‏‏‏‏‏‏‏‏‏
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