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introduction
The relevance of research. One of the urgent tasks in modern traumatology and orthopedics remains the replacement of bone defects resulting from injuries, inflammatory diseases of bone tissue, tumor processes and other pathological conditions. In some cases, the bone defect is so large that the regenerative abilities of the body are insufficient to fully restore the lost tissue. In some clinical conditions, temporary filling of the defect is required until the inflammatory process subsides or final histological data is obtained to determine further treatment tactics [1-3].
New materials for transplantation play a special role in solving this problem. Modern advances in chemistry, biology, and nanotechnology have led to the creation of many innovative biomaterials adapted for use in medicine [4,5]. The development of nanotechnology has opened up new horizons in biomedicine, especially in the creation of innovative materials for tissue engineering and regenerative therapy. One of the most promising areas is the use of nanocellulose, a unique biopolymer with high mechanical strength, biocompatibility, and the ability to modify [6-8]. Nanocellulose is actively being investigated as a framework material for repairing bone tissue defects due to its structural similarity to the extracellular matrix. In modern scientific practice, the task of searching for new biomaterials that would be both effective and safe for the body is urgent [9-11].  This problem is especially acute in the treatment of severe complications such as osteomyelitis, which is often accompanied by the destruction of bone structures and the need for multi-stage reconstructive surgery. Filling of a bone defect with traditional materials in conditions of an active infectious process becomes impossible due to the risk of recurrence of infection and the formation of biofilms. In conditions of an active infection process, traditional materials such as polymethylmethacrylate (PMMA) can contribute to the formation of biofilms, which makes it difficult to treat infection [12-13]. The use of local antibiotic delivery systems, such as biocomposites, may be more effective, as they provide a high concentration of antibiotics at the site of infection without systemic toxicity [14-15]. In some cases, multi-stage surgical intervention is required, including repeated debridement and the use of temporary fixatives to control infection before final reconstruction [12,14,16]. It is important to consider that the use of biocompatible and resorbable materials such as calcium sulfate and hydroxyapatite can reduce the risk of infection recurrence and improve treatment outcomes[13-14]. Nanocellulose, which performs the function of an intermediate biomaterial, contributes to the formation of a biological skeleton that temporarily closes the bone defect and creates the conditions necessary to start and maintain bone regeneration processes. It can also promote angiogenesis, which is important for the healing of bone defects [17]. Nanocellulose can be used as a part of injectable and self-healing hydrogels, which allows minimally invasive treatment [18]. Such hydrogels demonstrate high biocompatibility and the ability to biomineralize, and stimulate osteogenesis[18]. The introduction of nanocellulose into the composition of multilayer composite frameworks can promote the regeneration of both hard and soft tissues [19].
The enrichment of nanocellulose with various preparations enhances its promising direction, which makes it possible to achieve targeted effects in the implantation area. In the modern pharmaceutical industry, many dosage forms have been developed, the choice of which is determined by the nature and stage of the pathological process. They can be used both as monotherapy and as part of combined regimens, which allows not only to individualize treatment, but also to give therapy a specific focus, for example, to provide targeted effects on tissue with the formation of a specific biological effect, such as osteoinductivity during bone regeneration. It is important to consider potential risks such as the development of antibiotic resistance and possible side effects. Nanocellulose can be modified to improve its antibacterial properties, for example, using lysozyme [20]. Hydrogel films based on cellulose nanocrystals can regulate the release of antibiotics, helping to accelerate wound healing and reduce the risk of infection [22]. Chitosan nanoparticles can be used to deliver antibiotics and other antimicrobial agents, improving their effectiveness in infection eradication [22,23]. After the inflammatory process has stabilized and sterility has been achieved in the area of injury, the nanocellulose skeleton can be replaced with an autologous or allogeneic organic graft, which makes it possible to achieve a complete reconstruction of the bone with restoration of its anatomical and functional integrity. If the signs of the infectious process persist and there is no pronounced positive dynamics for several days, it is possible to carry out an audit with the removal of the previously installed composite and its re-implantation. This tactic provides for the possibility of repeated use of the material with simultaneous correction of antibacterial therapy, if necessary, which emphasizes the versatility and adaptability of this method in clinical practice.
 Thus, the use of nanocellulose in combination with antibacterial therapy opens up new possibilities for the effective treatment of complex bone defects and infectious complications in traumatology and orthopedics.
The introduction of synthetic and semi-synthetic materials into experimental surgery became the basis for the subsequent widespread use of such transplants in clinical practice. Their main advantages are high biocompatibility, low allergenic potential, compliance with modern requirements for implantable materials, economic benefits in the form of cheapness and the possibility of large-scale production without volume restrictions. Nanocellulose-based biocomposite is characterized by simplicity of logistics and storage: it does not require special temperature conditions, the use of special transportation conditions or complex storage methods, and is also characterized by stability at standard shelf life. This highlights its unpretentiousness and ease of use in clinical practice. Special attention is currently being paid to synthetic materials among nanomaterials, in particular nanocellulose as a promising material with high potential for further development and wide possibilities for practical application in the future.
This biopolymer has unique properties that make it possible to create various biocomposites based on it with specified characteristics. In the framework of this work, a biocomposite based on nanocellulose, developed according to an original technique, was studied.
The working hypothesis is that a composite material based on nanocellulose is biocompatible and improves the reparative regeneration of bone tissue when implanted in the area of a bone defect in the femur of rats.    
The aim of the study was to carry out a pathomorphological and X–ray assessment of the reparative regeneration of bone tissue using a composite material based on nanocellulose in a model of femoral defect in rats.
Research objectives.
1. To carry out a morphometric and histopathological assessment of the dynamics of reparative regeneration of the bone defect of the cortical plate on days 14, 30, 60 in groups using a nanocellulose-based nanocomposite in comparison with the control group (autologous blood clot).  
2. To carry out a morphometric and histopathological assessment of the dynamics of intramedullary space remodeling on days 14, 30, and 60 in groups using a nanocellulose-based nanocomposite in comparison with the control group (autologous blood clot).  
3. To carry out a morphometric and histopathological assessment of the remodeling and resorption of a composite based on nanocellulose on days 14, 30, 60.
4. To carry out a comparative X-ray assessment of the dynamics of reparative regeneration of bone tissue on days 14, 30, 60 when filling a bone defect with a biocomposite based on nanocellulose and (autologous blood clot). 

Scientific novelty

For the first time, in a comparative experimental study using a rat model of femoral bone defect, histological, histomorphometric, and radiological assessments were carried out to evaluate the processes of reparative regeneration of bone tissue when using a biocomposite based on nanocellulose. 
A new method for implanting a nanocellulose biocomposite into the area of a bone defect has been developed, which involves various levels of its placement cortical and intramedullary, which made it possible to determine the effect of the implantation depth on the processes of reparative bone tissue regeneration (certificate No. 54701, dated February 17, 2025). 
It has been established for the first time that the effectiveness of bone tissue regeneration when using a nanocellulose biocomposite depends on the method of its implantation. 
New data have been obtained on the nature of the resorption and remodeling of the nanocellulose composite in vivo, indicating its biocompatibility and ability to support osteogenesis processes without the development of a pronounced inflammatory reaction and bone tissue necrosis (certificate No. 40436 dated November 14, 2023). 

The main provisions submitted for defense:
1. The developed technique for creating an osteoplastic defect of the femoral diaphysis in laboratory animals makes it possible to reliably reproduce an experimental model for evaluating the effectiveness of nanocellulose-based biocomposites with control of the depth and level of filling of the defect.
2. The use of a nanocellulose-based biocomposite with dicalcium phosphate dihydrate demonstrates high biocompatibility and promotes the activation of reparative regeneration of bone tissue, surpassing the group with autogenic blood clot in radiological and morphological parameters.
3. Different options for the depth of biocomposite transplantation (cortical and intramedullary levels) determine the intensity of osteointegration, neoangiogenesis, and the rate of remodeling: intramedullary placement promotes earlier bone tissue formation, while filling the defect up to the level of the cortical plate ensures a more pronounced osteoconductive effect and accelerates the restoration of the cortical layer.

Practical significance 
The research conducted within the framework of the dissertation significantly expands the existing understanding of bone tissue regeneration processes using nanoscale composites. A biocompatible and structurally stable biocomposite based on nanocellulose with dicalcium phosphate has been presented for the first time, and an original technique for its transplantation into the zone of diaphyseal bone defect has been developed and tested.
The experimental and literature data obtained confirm the high osteoconductive potential of the biomaterial under study, which opens up prospects for its use not only to replace bone defects of various origins, but also as a platform for local drug delivery. This is especially important in the treatment of complicated forms of osteomyelitis, benign and malignant bone neoplasms, as well as specific inflammatory lesions of the skeleton.
The complex of studied properties such as mechanical stability, biocompatibility, ability to remodel and stimulate angiogenesis makes the nanocellulose-based biocomposite a promising basis for creating a new class of biologically active osteoplastic implants with the possibility of targeted therapeutic action.
The introduction of nanocellulose-based biomaterials into clinical practice helps to reduce dependence on expensive imported osteoplastic transplants and focuses on the priority of using nanomaterials. The development of scalable synthesis technologies based on our own raw materials opens up real prospects for the formation of a local line of biocompatible implants for bone grafting in the Republic of Kazakhstan.
Thus, the results obtained have high application value for traumatology, orthopedics, oncology, maxillofacial surgery and regenerative medicine, and further study of the interaction of nanocellulose composites with other bioactive substances opens up prospects for new directions in tissue engineering. 

The relationship of the dissertation with other research papers 
This study was performed and funded as part of a grant received from the Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan, "Investigation of the interaction of a nanocellulose-based biocomposite in a model of a tubular bone defect in an in vivo experiment." (grant no. AR 19678427). Project manager: Saule Akhmetova, PhD, Professor of the Department of Biomedicine. This project was implemented in 2023-2025. 

Personal contribution of the author
The dissertation researcher, together with scientific consultants and the scientific staff of the Department of Surgical Diseases of the NAO "Karaganda Medical University" conducted experimental studies on 72 laboratory animals. As part of the work, a reproducible model of the diaphyseal bone defect of the femur in rats was implemented, followed by filling the defect with a biocomposite based on bacterial nanocellulose modified with calcium phosphate.
The experiment included a comprehensive assessment of the condition of bone tissue at various times (14, 30, 60 days), using X-ray, histological and histomorphometric research methods. All stages of surgical interventions, including defect modeling, material transplantation, and biological sampling, were performed personally by the doctoral candidate as part of a research team. The animals were removed from the experiment in accordance with ethical standards.
	The author personally conducted a patent search on the research topic, reviewed modern scientific literature, prepared scientific articles, and organized correspondence with the editors of domestic and foreign scientific journals to present the research results.
The experimental data obtained were systematized, statistically analyzed by the doctoral student and presented in the form of a dissertation. The main provisions of the study were presented personally by the author at the 25th anniversary EFORT Annual Congress, held in Hamburg (Germany) on May 22-24, 2024. The poster work "Histological Assessment of Biocomposite in Bone Tissue Based on Nanocellulose In Vivo“ was awarded a special award ”Awarded Poster" and a certificate of excellence as the best poster presentation in the relevant scientific section.
Approbation of the work
The main points of the dissertation are reported and discussed:   
- Batpen Readings Competition for Young Scientists, within the framework of the International Scientific and Practical Conference "Horizons of Modern Traumatology and Orthopedics" (Turkestan, September 15-16, 2022), oral presentation: "Results of histological analysis of experimental in vivo nanomaterial research on experimental animals".
- Scientific and practical conference of young scientists, undergraduates and doctoral students dedicated to Science Day: "The World of Science and youth: traditions and innovations" (NAO "Medical University of Karaganda", April 12, 2023), oral presentation: "Results of histological analysis of experimental in vivo nanomaterial research on experimental animals".
- Republican Scientific and Practical Conference with international participation "Innovations in Traumatology and Orthopedics" (July 27, 2023), report:
"Comparative evaluation of methods for filling bone defects with nanocellulose-based biocomposite in vivo".
- The 25th Anniversary International EFORT Congress (25th EFORT Annual Congress, Hamburg, Germany, May 22-24, 2024), poster presentation: "Histological assessment of a biocomposite in bone tissue based on nanocellulose in vivo".
The work was awarded a special award (Awarded Poster) and a certificate of excellence as the best poster presentation in the relevant scientific section.
- 26th International Congress of EFORT (The European Federation of National Associations of Orthopaedics and Traumatology), Lyon, France (June 11-13, 2025), poster presentation: "Evaluation of a new nanocellulose-based biocomposite, including microbiological, radiological and histomorphometric control in vivo."
- International conference "Modern approaches in traumatology, orthopedics and rehabilitation: innovations and practical application", dedicated to the 110th anniversary of the birth of Professor H.J. Makazhanov and the 75th anniversary of NAO Karaganda Medical University, presentation: "Histological assessment of a biocomposite in bone tissue based on nanocellulose in vivo".
- Extended meeting of the Department of Surgical Diseases of the NAO "Karaganda Medical University" discussion of interim and final results of the dissertation research on 05/20/2026.
Publications 
Based on the materials of the dissertation, 5 scientific papers were published, of which: 
- 3 were published in scientific journals recommended by the Committee for Control in the Field of Education and Science of the Ministry of Education and Science of the Republic of Kazakhstan; 
- 2 publications in international scientific journals included in the Scopus database; 
- 2 certificates confirming the inclusion of information in the state register of rights to objects protected by copyright. 
1. Certificate of entry of information into the state register of rights to objects protected by copyright No. 54701 dated February 17, 2025 (Appendix B).
2. Certificate of entry of information into the state register of rights to objects protected by copyright No. 40436 dated November 14, 2023 (Appendix C).The structure and scope of the dissertation 
The dissertation is presented on __95_ pages of the computer set of the Microsoft Word text editor, consists of an introduction, 4 sections: the main part, the conclusion and the list of sources used. The dissertation has _4_ appendices. The dissertation is illustrated with _9_ tables and_22_ figures. The list of references includes _134_ sources in Russian and English.

Materials and methods.

This experimental study was conducted in the period from 2022 to 2025 on the basis of the NAO "Karaganda Medical University", including the Department of Surgical Diseases, the Department of Morphology, a laboratory for collective use, a vivarium, as well as the veterinary clinic of Dr. Kryukov. In addition, the work was carried out in collaboration with the Department of Colloidal Chemistry of the Federal State Autonomous Educational Institution of Higher Education "Gubkin Russian State University of Oil and Gas (National Research University)" (Moscow Moscow) under the leadership of the head of the department, Professor Vinokurov V.A., Within the framework of this collaboration, the studied biomaterials used in the experimental part of the study were developed and synthesized [3-5].
A biocomposite based on nanocellulose modified with dicalcium phosphate dihydrate has been developed, which has osteoconductive and osteoinductive properties and is designed to replace bone defects. The resulting material is characterized by a porous structure, biocompatibility, and the ability to integrate with bone tissue, which determines its prospects for use in experimental and clinical practice [3-5].
The physico-chemical properties of the material were evaluated using a set of methods, including morphological analysis of the structure, assessment of porosity and interaction with biological tissues [3,4].
The preclinical stage of the study was performed on laboratory animals (white mongrel male rats) kept in a vivarium in compliance with international bioethical requirements and principles of humane treatment of animals [7,9,10].
2.1 Experimental study design
The experimental study was conducted in two stages.
At the first stage, a standardized defect of the femoral diaphysis was modeled in laboratory animals, followed by its filling with a biocomposite using various transplantation techniques [1,2].
At the second stage, a comparative study was conducted between groups in which a biocomposite based on nanocellulose and calcium dicalcium phosphate dihydrate was transplanted in various ways [3-5]:
• NFC-1 - with filling of the cortical plate and intramedullary space; 
• NFC-2 - with filling of only the intramedullary space. 
In the control group, the defect was filled with an autologous blood clot (ASG) formed directly during surgery [6].
The experimental model included 72 sexually mature outbred white male rats, which were randomly assigned to groups [11]. 
The sample size was determined taking into account the bioethical principles of Russell and Birch (Replacement, Reduction, Refinement) [7], aimed at minimizing the number of laboratory animals while maintaining the reliability of the results. The calculation of the number of experimental groups was carried out according to the generally accepted formula: n = DF / k + 1 [8]. 
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Figure 1 - Experiment design

All experimental procedures were performed in accordance with the international requirements for working with laboratory animals (EU Directive 2010/63/EU) and the current regulatory documents of the Republic of Kazakhstan [9, 10].

The evaluation of the effectiveness of the biocomposite was carried out on the basis of X-ray and morphological analysis in the dynamics of observation. The processes of bone tissue regeneration, the degree of bone regeneration formation, the severity of osteogenesis, as well as signs of an inflammatory reaction and biocompatibility of the material were studied [1,2,3].
The histological examination included an analysis of the structural organization of bone tissue, the processes of remodeling and integration of implanted material using standard staining methods (hematoxylin–eosin, Masson trichrome) [2,4].
Statistical data processing was carried out using descriptive and comparative statistical methods. The nonparametric Mann-Whitney and Kraskel-Wallis criteria were used to assess the differences between the groups. The level of statistical significance was assumed to be p<0.05. The data was processed using Microsoft Excel and Statistica 13.0 programs [11].
The synthesis and modification of the biocomposite was carried out in collaboration with the Department of Colloidal Chemistry of the Gubkin Russian State University of Oil and Gas. The physico-chemical properties of the material were evaluated using a set of methods, including morphological analysis of the structure, assessment of porosity and interaction with biological tissues.
The preclinical stage of the study was performed on laboratory animals (white mongrel male rats) kept in a vivarium in compliance with international bioethical requirements and principles of humane treatment of animals.
The experimental model included the creation of a standardized defect of the femoral diaphysis, followed by filling with various biomaterial variants. A total of 72 animals were included in the study, randomly divided into three groups. 
In the control group, the defect was filled with an autologous blood clot (ASG). Various biocomposite transplantation techniques were used in the experimental groups:
NFC-1 group - filling of the defect with the inclusion of both the cortical plate and the intramedullary space;
NFC-2 group - filling of exclusively intramedullary space.
The evaluation of the effectiveness of the biocomposite was carried out according to the data of X-ray and morphological analysis in the dynamics of observation. The processes of bone tissue regeneration, the degree of bone regeneration formation, the severity of osteogenesis, as well as signs of an inflammatory reaction and biocompatibility of the material were studied.
The histological examination included an analysis of the structural organization of bone tissue, the processes of remodeling and integration of implanted material using standard staining methods (hematoxylin-eosin, Masson trichrome).
Statistical data processing was carried out using descriptive and comparative statistical methods. The nonparametric Mann–Whitney and Kraskel–Wallis criteria were used to assess the differences between the groups. The level of statistical significance was assumed to be p<0.05. The data was processed using Microsoft Excel and Statistica 13.0 software.

Results:
In the course of the experimental study, a comprehensive assessment of the reparative regeneration of a bone defect using a nanocellulose-based biocomposite with various localization options (NFC-1 and NFC-2) was performed in comparison with the control group (autologous blood clot -ASG). The effectiveness was evaluated using histological, histomorphometric and radiological methods on the 14th, 30th and 60th days after surgery.
Histological examination showed that on the 14th day, signs of an early stage of reparative osteogenesis formed in all groups. In the ASG group, partial filling of the defect was noted due to the formation of the primary trabecular network and the predominance of fibrous connective tissue. The newly formed bone tissue was immature and characterized by a limited extent.
In the NFC-1 group, a significant amount of composite material remained in the defect area at this time, while osteogenesis was poorly expressed and limited to peripheral areas. The emerging bone structures did not form a closed trabecular network, which indicated a slow course of the reparative process.
The most pronounced signs of osteogenesis at an early stage were noted in the NFC-2 group. A more developed anastomosing trabecular network was formed in the defect area, active vascularization and a higher percentage of filling of the defect with newly formed bone tissue were observed. At the same time, there were no signs of an inflammatory reaction, necrotic changes and destruction of surrounding tissues, which indicates a good biocompatibility of the biocomposite.
By day 30, the progression of reparative regeneration processes was observed in all groups. In the ASG group, there was an increase in bone volume with the formation of a more pronounced trabecular structure, but there were signs of ongoing remodeling and a significant proportion of the connective tissue component.
In the NFC-1 group, bone tissue regeneration was less pronounced. Despite the increase in the amount of newly formed bone, a significant part of the defect remained filled with composite material, indicating delayed integration of the material and limited osteogenesis.
In the NFC-2 group, a significant increase in osteogenesis processes was noted at this time. A dense, well-organized trabecular network was formed, providing significant closure of the defect. The proportion of newly formed bone tissue significantly exceeded the values of both the ASG and NFC-1 groups, which indicates a more effective stimulation of reparative osteogenesis with intramedullary localization of the biocomposite.
On day 60, in the NFC-2 group, an almost complete restoration of the structure of the cortical plate was observed with the formation of mature bone tissue, close in morphological characteristics to intact. Bone regenerate acquired a lamellar structure, and full integration with surrounding tissues was noted.
Significant bone tissue restoration also occurred in the ASG group, but the process was accompanied by a longer stage of remodeling. In the NFC-1 group, incomplete closure of the defect persisted, with a predominance of composite material and an insufficient degree of osteogenesis.
Analysis of the tissue composition showed that fibrous tissue prevailed in the NFC-1 group at all times and a significant amount of composite was preserved. In the NFC-2 group, there was an earlier and intensive increase in the proportion of bone tissue with a simultaneous decrease in cartilage and connective tissue components. In the control group, bone marrow prevailed in the early stages, followed by the gradual formation of bone regeneration.
Morphological assessment of the resorption processes showed that the composite underwent gradual cell-mediated degradation. In both experimental groups, a moderate giant cell reaction was detected, indicating a physiological process of material remodeling. At the same time, in the NFC-2 group, the remodeling of the composite occurred more actively, accompanied by its replacement with newly formed bone tissue.
The X–ray evaluation was performed using the Lane-Sandhu scale, which makes it possible to quantify the degree of bone defect consolidation. On the 14th day, X-ray translucent defect zones remained in all groups. There were no or minimal signs of osteogenesis in the ASG group. The NFC-1 group showed the initial signs of bone formation. In the NFC-2 group, the indices were higher, which indicated an earlier onset of osteogenesis.
By day 30, a marked progression of regeneration was noted in the NFC-2 group: the defect was filled with bone tissue, and the defect line was practically not visualized. In the NFC-1 group, regeneration processes were less pronounced, while in the ASG group, the recovery dynamics remained slow. The differences between the groups were statistically significant.
On day 60, in the NFC-2 group, a complete restoration of bone structure with the formation of a bone marrow canal and the absence of signs of a defect was radiographically determined. Partial remodeling was observed in the NFC-1 group, while residual signs of the defect remained in the ASG group.
Thus, the results of a comprehensive morphological and X-ray analysis indicate the stage-by-stage nature of the reparative regeneration of bone tissue. The most pronounced and early osteogenesis is observed when using a biocomposite with intramedullary localization (NFC-2), which is accompanied by accelerated formation of mature bone tissue, more active material remodeling and complete restoration of bone structure.
The data obtained confirm the high efficiency and biocompatibility of the nanocellulose-based biocomposite and substantiate the prospects for its further study as a material for replacing bone defects.
Based on the results of the experimental study, the following conclusions were drawn:
1) Comparative histomorphometric analysis showed that when nanocellulose was injected only into the intramedullary space (NFC-2), there was an increase in the area of bone tissue in the area of the cortical plate defect by 1.4 times on day 14 (p = 0.007) and 1.5 times on day 30 (p< 0.001) compared with the control group of ASG. On day 60, the NFC-2 and ASG groups showed complete closure of the defect with the formation of mature bone tissue. In the group with composite transplantation into both the cortical plate and the intramedullary space (NFC-1), the bone tissue area was 3.1 times lower on day 14 compared with NFC-2, and 2 times lower on day 30-60.
2) In the intramedullary space, the area of newly formed bone tissue on day 14 in the NFC-2 group exceeded the values of the ASG control group by 1.5 times, in the NFC-1 group by 1.3 times. 
3) The nanocellulose-based composite underwent moderate degradation and remodeling at all follow-up periods, accompanied by a moderate giant cell reaction in the absence of active inflammation and necrosis.  In the early stages, the composite was preserved at the implantation site, partially limited by connective and newly formed bone tissue. By day 60, its initial replacement with newly formed bone tissue was noted, which was 2.1 times higher in the NFC-2 group compared with NFC-1 (p=0.015).  
4) Radiological assessment showed that the use of a biocomposite based on nanocellulose accelerates the processes of reparative osteogenesis compared to an autologous blood clot. The most pronounced effect was observed with intramedullary administration of biocomposite (NFC-2): already on the 14th day, the X-ray score was statistically significantly higher compared with the ASG group (p=0.015), by the 30th day both groups with the use of biocomposite exceeded the control group (NFC-1: p=0.002; NFC-2: p=0.001), and by day 60, the NFC-2 group retained a statistically significant advantage over both ASG (p=0.0002) and NFC-1 (p=0.007), which was accompanied by earlier formation of mature bone tissue and remodeling of the regenerate.
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