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Abstract: 
Background: the aim of this study was to examine the evidence behind the use of the composite of bone marrow concentrate and Nano-hydroxyapatite as an alternative to autologous bone graft in the repair of bony defects. 
Methodology: the study was conducted on 14 residual surgical non-continuity defects resulting from enucleation of benign odontogenic cysts. The defects were randomly allocated into two groups according to defect filling as follows: Group A (n=7), the defects were grafted using a composite of bone marrow concentrate (BMC) and Nano-hydroxyapatite granules; Group B (n=7), the defects were grafted using autologous bone graft. Radiographic evaluation was done using Cone beam C.T. scan, immediate, six and twelve months post-operatively to assess the volumetric changes of the grafts along the follow-up period.
Results: there was no statistically significant difference (p>0.05) between the two groups regarding the percentage of reduction of the graft volume along the follow-up period.
Conclusion: the use of composite of bone marrow concentrate (BMC) and Nano-hydroxyapatite granules to reconstruct surgical defects is a reliable alternative to autogenous bone graft.
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1. Introduction 
Bone tissue usually heals spontaneously, but in complicated conditions such as those situations leading to large bony defects or pathological fractures, spontaneous healing process may fail. Therefore, surgical reconstruction of bony defects is still a challenge for surgeons to rehabilitate patients with severe bone deformities to restore continuity, shape and strength of the jaw to achieve better patient’s quality of life. [1]
Autogenous bone graft has been repeatedly reported to be the gold standard, however, complications related to the harvest of autografts as donor site morbidity and limited availability demanded the search for an alternative with a comparable efficiency. [2-5]
With the widespread use of cellular therapy in medical practice, attention has been directed to the application of autologous bone marrow in the field of reconstruction. Bone marrow aspirate (BMA) has been utilized as a source of bone marrow-derived mesenchymal stem cells (MSCs) with its relative ease of harvest, low morbidity, and feasible cost. BMA alone has a relatively low percentage of MSCs. Hence, the aspirate is typically concentrated by centrifugation so as to increase the ratio of MSCs. Concentrated bone marrow aspirate (BMC) provides both stem cells and growth factors and relies on the host tissue to provide scaffold. [6-9]
The available literature regarding the use of BMC in different tissue repair is highly heterogeneous with regards to indications, concentrations and overall functional outcomes. Hence, this study attempts to examine the evidence behind the use of BMC as an alternative to autologous bone graft in the repair of bony defects and to establish proof of concept for the use of BMC in this biologic environment.
2. Methodology 
The clinical study was conducted on 14 residual surgical non-continuity defects resulting from enucleation of benign odontogenic cysts with a low recurrence rate.
The cases were recruited from patients attending the outpatient clinic of the Oral and Maxillofacial surgery department, Faculty of Dentistry, Ain Shams University.
The study was conducted after receiving an ethical clearance from the Research Ethics Committee of Ain Shams University, Faculty of Dentistry; that the study follows the guideline of research ethical committee.

2.1. Patient selection 
The patients were included into the study based on the following inclusion criteria:
· Male  and  female  patients  with  minimum  age  18  years  old  and maximum age 50 years old. 
· Medically free from systemic diseases.
· Patients with mandibular/maxillary two or three walls non- discontinuity residual surgical defects, providing that the palatal/lingual wall is intact, resulting from enucleation of benign odontogenic cyst with low recurrence rate.
· Non-smoker patients.
· Absence of local conditions that may affect bone healing.
2.2. Patient grouping
Patients were divided into two groups. Allocation of patients included in this study were done by coin toss by non-involved investigator.
· Group A (study group): included seven residual surgical non-continuity defects where grafting of the defects was done using a composite of bone marrow aspirate concentrate (BMAC) and Nano-hydroxyapatite particles.
· Group B (control group): included seven residual surgical non-continuity defects where grafting of the residual surgical defects was done using autologous bone graft harvested from anterior iliac crest. 

2.3. Surgical procedure in group A patients (study group)

2.3.1. Recipient site preparation
General anesthesia was induced then a three- line pyramidal muco-periosteal flap was designed according to the extent of the lesion. Enucleation and curettage of the lesion was done using bone curettes. Horizontal scoring of the periosteum was performed to guarantee tissue flexibility during flap closure.

2.3.2. Residual defect grafting procedure
The residual surgical non-continuity defects were grafted using Nano- hydroxyapatite granules (Nano Bone®, ARTOSS GmbH, Germany) 1 mm particle size. The graft granules were packed tightly to ensure complete filling of the surgical defect. (Figure 1).
The flap was then repositioned using interdental 4-0 Braided Polyglycolic Acid sutures, vertical releasing incisions were closed using interrupted 4-0 Braided Polyglycolic Acid sutures.
2.3.3. Bone marrow aspiration procedure
Patients in group A (study group) were prepared for harvesting bone marrow aspirate from an anterior iliac crest approach using a trocar needle (Figure 2). In this study, 60 ml of bone marrow was aspirated from each patient in the study group. The aspirated bone marrow was collected on heparinized tubes and refrigerated until it was concentrated in a later step.
2.3.4. Preparation of bone marrow aspirate concentration (BMAC) 
This procedure was performed in Pancreatic Cell Culture and Diabetes Research Unit, Faculty of Medicine, Ain Shams University. The harvested bone marrow sample was treated by Ficoll protocol [10] to prepare bone marrow concentrate according to the following steps:
· The harvested bone marrow was diluted by Dulbecco’s modified eagle’s medium (DMEM) (Biowhittaker® Lonza, Switzerland) in ratio 4:1. 
· Bone marrow was then centrifuged at 2000 rpm for 20 minutes at 20˚C in a swinging-bucket rotor without brake.
·  Aspiration of the mononuclear cells rich layer using micro-pipette was done to be re-diluted by DMEM and centrifuged again at 1200 rpm for 10 minutes at 20˚C and this was repeated twice to ensure high concentration of mononuclear mesenchymal stem cells.
· Streptomycin was then added to the prepared bone marrow aspirate concentrate for prophylaxis against infection. The BMC was then gradually frozen to   -30˚c then -70˚c before it was stored at -200˚c using liquid nitrogen.

2.3.5. Application of bone marrow aspirate concentrate in group A patients
An appointment had been scheduled for patients in group A (study group) one week post-operative to inject the previously prepared bone marrow aspirate concentrate (BMAC) into the grafted site according to the following steps.
· Local anesthesia had been administrated using Mepivacaine (2%), levonordefrin (1:20000).
· 2-3 ml of BMAC was then injected into the grafted site using plastic disposable syringe (18 gauge needle). (Figure 3)

Figure 1: Complete filing of residual surgical defect in group A using Nano-hydroxyapatite granules

Figure 2: Bone marrow aspiration procedure in group A

Figure 3: Injection of bone marrow aspirate concentrate into the grafted site in group A


2.4. Surgical procedure in group B patients (control group)

2.4.1. Recipient site preparation 
General anesthesia was induced then the recipient site was prepared the same way as in the study group.
2.4.2. Donor site preparation
The patients in group B (control group) were prepared for harvesting the anterior iliac crest bone graft. The harvested bone particulate was kept in a kidney dish filled with normal saline and gentamicin 40 mg.
2.4.3. Residual defect grafting procedure
The residual surgical non-continuity defects were grafted using the harvested anterior iliac crest bone graft. Harvested cancellous bone was collected in plastic syringe to calculate the total volume of bone then the graft granules were packed tightly to ensure complete filling of the surgical defect.  The flap was then repositioned using interdental 4-0 Braided Polyglycolic Acid sutures, vertical releasing incisions were closed using interrupted 4-0 Braided Polyglycolic Acid sutures.



2.5. Method of evaluation
Radiographic evaluation using Cone beam C.T. scan was done at the following intervals:
· Immediate postoperatively.
· 6 and 12 months postoperatively.
After CBCT imaging, all data were reconstructed with a 1mm slice thickness and 1mm interval. These scans were converted into (DICOM) format files (NNT software v. 4.6) and imported into software Mimics 19.0, where they could be viewed and assessed using the various tools available by this program.
For volumetric calculation of the bone graft material, window level and window width were adjusted to clearly extract the border between the graft and normal bone. Tracing was achieved by free hand method on axial and sagittal slices as well depending on observer’s visual skills to delineate the bone graft after thresholding (adjusting density).
2.6. Data Management and Analysis
The collected data was revised, coded, tabulated and introduced to a personal computer using Statistical package for Social Science (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22. Armonk, NY: IBM Corp).
1. Paired-Samples T Test was used to assess the statistical significance of the difference between two means of one quantitative variable measured twice for the same study group. Namely, the volumetric assessment immediately post-operative compared to that measured at six months and at twelve months within each group.
2. The Independent-Samples T Test was used to assess the statistical significance of the difference between the mean of change in bone volume of group A compared to those of group B both at the six and twelve months’ intervals as well as the mean of change in bone volume in both groups.
3. Results 

Single oral radiologist, evaluated all CBCT data sets. These data were re- assessed separately after four weeks following the first evaluation under the same settings by the same oral radiologist to determine the intra-observer error. Separate spreadsheets were used to record the first and the second measurements to avoid analytical bias from the first results. The concordance correlation coefficient statistical test revealed substantial strength of agreements (p = 0.95-0.99) between the two measurements
3.1. Description of post-operative radiographs
Radiographic examination revealed that there were gradual reduction in size of bone defect in all cases during follow up period. Cone beam C.T. scan obtained 6 months post-operative revealed regenerated bone architecture excluding central portion of surgical site. Cone beam C.T. scan obtained one year post-operative revealed almost complete bone healing manifested by formation of normal trabecular pattern (Figure 4).
3.2. Assessment of volumetric changes in graft volume 
Assessment of change in graft volume in this study showed that, among the control group, graft volume decreased significantly at six months and one year post-operative when compared to immediate post-operative volume. Also, among the study group, graft volume decreased significantly at six months and one year post-operative when compared to immediate post- operative volume (figure 5). However, there was no statistically significant difference between control and study groups regarding percentage of reduction in graft volume along follow-up period.
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Figure 4: Postoperative CBCT scan (axial and sagittal cuts) for residual surgical defect reconstructed BMC + Nano-hydroxyapatite granules. A. immediate postoperative, B. six months postoperative, C one year postoperative.
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Figure 5: Change in graft volume among control and study groups along follow up period.

4. Discussion 
Reconstruction of residual surgical defects resulting from enucleation of benign odontogenic cysts is a debatable issue in the literature. Although several studies advocated primary closure without the use of additional bone grafts, grafting of surgical defects is recommended in defects with more than one cortical border missing or in defects with incomplete periosteal covering as it may prevent collapse of the surrounding soft tissue, preserve the defect volume, and provide osteogenic cells and growth factors for regular bone healing.[11]
Autogenous bone grafts have long been considered as the gold standard for reconstruction of residual surgical defects as it possesses the three classic qualities of the ideal graft, including osteo-induction, osteo-conduction, and osteogenesis. In addition, they have complete histocompatibility, thus generating a minimum immunological reaction. However, their harvesting is associated with donor site morbidity and they have a restricted availability. Therefore, the search for an alternative with an osteogeneic potential equivalent to autogenous bone grafts is mandatory. 
At an increasing rate cell therapeutics, such as mesenchymal stem cells from bone marrow in combination with osteoconductive bone substitutes are being used today [12-14]. One possible application method of cell therapeutics is the use of bone marrow concentrate (BMC), which is obtained by density gradient centrifugation [6, 7]. So the aim of this study was to find out whether this modality could possibly be a substitute for autogenous bone graft or not.
Ficoll density gradient centrifugation was the protocol adopted to concentrate bone marrow in this study, being one of the most common methods for obtaining bone marrow stem cells with acceptable purity, viability, and cost. [10, 15, 16]
The age inclusion criteria in the current study was restricted to the patient below 50 years old as a result of the fact of sequential deterioration of osteogenic potential of osteoblasts after age of 50. [17]
Residual surgical defects included in this study resulted from enucleation of benign odontogenic cysts with low recurrence rate which is an appropriate condition for primary grafting. Since grafting of the residual surgical defects was done using particulate cancellous bone in the control group and the composite of BMC and Nano-hydroxyapatite granules in the study group so the morphology of the residual surgical defects included in the study was chosen to be two or three walls non-discontinuity defects, providing that the palatal/lingual wall was intact in order to contain the graft material.
For the most common Ficoll method, an important limitation is the time required for the extended laboratory steps necessary for concentrating bone marrow which have made preparation of the bone marrow concentrate intra-operative practically inconvenient. For this reason, application of bone marrow concentrate was scheduled one week post-operative instead of mixing BMC with Nano-hydroxyapatite granules intra-operative.
The delayed application of bone marrow concentrate can be also justified by the fact that the first week following cyst enucleation corresponds to the initial phase of healing at which application of bone marrow concentrate may be beneficial to bone healing. This suggestion was in agreement with a previous study that introduced bone marrow concentrate to a distracted mandibular segment after ten and twenty days of consolidation aiming at improving bone healing and maturation. [18]
A crucial aspect to achieve successful bone regeneration using bone substitutes is the resorption of the bone substitute with simultaneous formation of new bone. In this study, the degradation of the graft and whether it was coupled with shrinkage in defect volume or not was assessed using cone beam C.T. scan. The superiority of CBCT to plain radiography is now undebatable.[19]
[bookmark: _GoBack]Postoperative CBCT was performed immediately, at six and twelve months which are repeatedly reported time intervals suitable for assessment of bone healing in humans. The data from CBCT images was assessed by Mimics Ver.19 software for volumetric assessment. This allowed better evaluation of the graft and the defect volume postoperatively through segmentation of the interested area to measure its volume separately. [20, 21]
The immediate post-operative CBCT was justified by the need to establish a baseline in order to assess reduction in graft and defect volume at 6 and 12 months as the grafted bone and the defect margin were clearly distinguished from the surrounding cortical bone.
While traditional hydroxyapatite is generally considered as nonresorbable, resorbability is supposed to occur for Nano-sized hydroxyapatite based on the greater solubility.[22] However, several studies reported that Nano-hydroxyapatite granules when used for filling of surgical defects had shown incomplete degradation with fibrous encapsulation of the residual particles which may hinder complete ossification of the bony defect.[11]
In contrast, in the current study, among the study group, residual surgical defect volume decreased significantly at six months and one year post-operative when compared to immediate post-operative volume indicating proper substitution of the graft granules with new bone trabeculae along the follow up period.
The percentage of reduction of graft volume in the study group was 29.13% ± 11.53 at six months post-operative. In a recent study which assessed volumetric shrinkage of Nano-hydroxyapatite granules used in augmentation after sinus membrane elevation procedure, the percentage of reduction of graft volume at six months post-operative was 24.12 %.[23]
When comparing the previously mentioned results, it may be suggested that bone marrow concentrate may have accelerated degradation of the Nano-hydroxyapatite granules which allows proper replacement of the granules by new bone formation. Increased rate of graft resorption also can be due to the effect of silica ions incorporated in the structure of Nano-bone that may activate the differentiation of osteogenic precursor cells into osteoclasts. However, the difference in the method of assessment of volumetric change should be put into consideration when comparing the results.
When comparing the percentage of graft reduction till six months and one year post-operative between the control and study groups, there was no statistical significant difference between the two groups. This suggests that bone marrow concentrate may have potentiated the biological activity of Nano-hydroxyapatite granules. Accordingly, it can be postulated that the composite of BMC and Nano-hydroxyapatite may be a reliable substitute for autogenous bone graft.
5. Conclusion 
In the light of the radiographic and histological results of this study, the application of the composite of BMC +Nano-hydroxyapatite could be a comparable alternative to autologous bone suitable for reconstruction of residual surgical defects thus minimizing donor site morbidity and achieving patient satisfaction.
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