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Abstract 
Background: Bone marrow mesenchymal stem cells (BMMSCs) and Adipose tissue stem cells (ADSCs) demonstrated 

promising results in promoting the regeneration process of the periodontium including alveolar bone. 

Aims: The aim of this study was to compare the regenerative capacity of BMMSCs and ADSCs in chitosan scaffolds 

implanted in rabbit femur bony defects. 

Methods: Fifteen New Zealand rabbits were enrolled in this study. Four holes were drilled in each rabbit. The rabbits 

were divided into 3 groups, 5 rabbits each. Group A (Control group) received chitosan gel only. Group B received Rabbit- 

BMMSCs in chitosan gel while Group C received Rabbit–ADSCs in carrier gel. Rabbits were sacrificed after 8 weeks. 

Morphological assessment was accomplished using Scanning Electron Microscope (SEM). Energy Dispersive x-ray 

Analysis (EDXA) was used to analyze different inorganic and organic elements. 

Results: SEM showed homogenous bony surface with complete bone healing in the ADSCs group. BMMSCs group 

showed delayed healing while the control group exhibited primary phase of bone healing. EDXA results of Magnesium 

and Phosphorus weight % were significantly higher in ADSCs group than BMMSCs and control groups. Calcium and 

Ca/P ratio weight % exhibited the highest significant results in BMMSCs group more than control and ADSCs. Nitrogen 

weight % displayed the highest significant results in BMMSCs then decreased in ADSCs and control group. Additionally, 

Carbon weight % showed increased significant results in control group when compared to BMMSCs and ADSCs.   

Conclusion: Both ADSCs and BMMSCs treatments promoted more bone formation compared to chitosan alone. Besides, 

ADSCs yielded superior regenerative capacity compared to BMMSCs. 

Keywords:  ADSCs, BMMSCs, Bone defect, EDXA, SEM. 
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INTRODUCTION 
Periodontitis is an immune-

inflammatory disease characterized by 

destruction  of the periodontal tissues resulting 

in tooth mobility and finally tooth loss.1 The 

main    purpose of periodontal regeneration is to 

reestablish the destructed alveolar bone, 

cementum, and periodontal ligament. Various 

regenerative remedies have been applied such 

as enamel matrix derivatives, membranes for 

guided tissue regeneration, and bone grafts.2 

These therapies have shown high efficiency in 

case of infra bony and furcation defects.3 

Recently, tissue engineering, using stem cells 

proved to be a promising approach for 

periodontal regeneration. 

Stem cells are undifferentiated 

mesenchymal cells that are capable to develop 

under stimulation into various cell types. 

Mesenchymal stem cells (MSCs) have been 

widely used in the field of periodontal 

regeneration. They can be harvested from 

dental or non-dental origin.4 Examples of 

MSCs of dental origin are stem cells from 

human exfoliated deciduous teeth, dental pulp 

stem cells, periodontal ligament stem cells, 

stem cells from apical papilla, and dental 

follicle precursor cells.5 Different stem cells of 

non-dental origin have been implicated in 

periodontal regeneration such as adipose-

derived stem cells (ADSCs) and bone marrow 

stem cells (BMMSCs).6 

The bone marrow was the initially 

identified source of MSCs. Human studies 

verified that BMMSCs are capable to 

differentiate into marrow stroma, adipocytes, 

cartilage, and bone.7 BMMSCs were proven to 

enhance the regeneration of alveolar bone, 

periodontal ligament, and cementum.8 In vitro 

cultures of rat BMMSCs showed  that they have 

increased mineralization and a higher 

osteocalcin content which is a marker of late 

osteoblast differentiation.9 

Subsequently, adipose tissue appeared 

as a substituting source of MSCs.10 They have 

a great differentiation capacity and are able to 

proliferate into adipogenic, myogenic, 

chondrogenic, and osteogenic cells according 

to the lineage-specific stimulating factors.11 

ADSCs can be simply harvested and encompass 

a great number    of stem cells significantly more 

than that from BMMSCs.12 Thus, adipose 

tissue is recognized as one of the most 

prosperous sources of stem cells and hence, 

offers great chances for application in the field 

of regeneration.13 

In order to regenerate the damaged 

tissue, the stem cells should be combined    with 

biomaterial scaffolds. Different natural and 

synthetic biomaterials have been utilized as 

scaffolds for stem cells.14 Synthetic 

biomaterials include polymer-based and 

ceramic-based scaffolds. Natural biomaterials, 

on the other hand, comprise scaffolds made 

from purified proteins or polysaccharides or 

using decellularized extracellular matrix. 

Protein-based biomaterials comprise collagen, 

fibrin, silk, vitronectin, and fibronectin 

scaffolds.15 Whereas, polysaccharide-based 

biomaterials comprise agarose, hyaluronan, 

alginate, and chitosan.16 Chitosan consists of 

glucosamine units and is derived by the 

deacetylation of chitin. It is a common scaffold 

in tissue engineering where its characteristics 

can be controlled through different chemical 

cross-linking processes. It has been previously 

used in developing replacement bone and 

cartilage or treating spinal cord injury or for 

wound healing.17,18 In the current study we 

compared the regenerative capacity of 

BMMSCs and     ADSCs incorporated in chitosan 

scaffolds and implanted in bony defects created 

in    rabbit femurs. 

 

MATERIAL AND METHODS 

Animals: 

Fifteen New Zealand white rabbits aging 6 

months and weighing between 3.5 – 4.5 

Kgs were utilized in this study. The 

experimental study was run in the animal 

house of Faculty of Medicine, Cairo-

University. The protocol for the present 

was approved by Ein Shams Ethics 

Committee with the number FDASU-Rec 

R032101. All rabbits were kept under the 

same nutritional and environmental 

conditions in the experimental animal 

house with respect to the five freedoms of 
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animals under human care.19 During the 

study, all rabbits were kept in 

polypropylene cages, two rabbits in each 

cage with ad libitum access to water and 

normal diet. They were daily monitored by 

the veterinarian in the animal house for 

pain, injury or disease. The room 

temperature was about 22-24°C and the 

animals were exposed to 12:12 hours light 

dark cycles. The rabbit population was 

health observed according to 

commendations by Federation of European 

Laboratory Animal Science Associations 

(FELASA).20 The rabbit population was 

divided into 3 groups, 5 rabbits each 

according to the 3Rs (Replacement, 

Reduction, Refinement) guiding the use of 

animals in research.21 

Sample size Calculation: 

The sample size was calculated based on the 

data of reference Rady et al.,22 that the 

maximum difference between the three groups 

mean is 1.08 and the estimated pooled standard 

deviation is 0.96. Assuming the alpha error 

0.05 and power 0.8 a number of 17 cases per 

group is required adding 3 cases for anticipated 

missing data it results in 20 cases per group a 

total of 60 cases. The calculation is carried out 

by Minitab version-16 statistical package. Thus 

15 New Zealand white rabbits were enough to 

carry the experiment as follows; 5 

rabbits/group, 4 holes/ rabbit, 20 holes  in each 

group. 

Stem cell preparation: 

The preparation of stem cells was held in 

Laboratory – Biochemistry    Department – Cairo 

University. Rabbit BMMSCs preparation was 

performed according to Zhang et al.23 while 

preparation of rabbit ADSCs was according to 

Semyari et al.24 

Anesthetic protocol: 

Rabbits were anaesthetized using intramuscular 

injection of Xylazin (Chanelle pharmaceutical 

manufacturing Ltd., Ireland) 5 mg/kg body 

weight and Ketamine hydrochloride (Pfaffen-

Schwabenheim, Germany) 30 mg/kg body 

weight. 

Surgical protocol: 

Surgical access to the right and left femur of 

each animal were performed with a linear 20 

mm incision in the cranio-caudal direction, 

using a No. 24 scalpel blade. Then, the 

dissection of skin, muscle, and periosteum was 

performed to expose the bone surface. A 

rounded bur mounted on high-speed hand piece 

was used to drill 2  defects in each femur with 

at least 10 mm inter-distance (measured 

between the centers of the bone defects). The 

diameter of the bone defect was 6 mm and the 

depth was 10 mm. Drilling was performed 

under copious irrigation. Finally, the wound 

was sutured and the rabbit received analgesic 

(Cataflam 750 mg - the dose10 mg/1kg) and 

antibiotic (Flumox 500 mg vial) after surgery. 

The drilled bone defects received different 

treatment modalities according to their  assigned 

group as follows 

- Group A (Control): A total of 20 holes (4 

holes/rabbit, 2 holes in each femur) were 

injected with the chitosan carrier gel only 

- Group B: A total of 20 holes (4 holes/rabbit, 2 

holes in each femur) were injected in each with 

1 million Rabbit-BMMSCs in carrier gel, 

where each hole was injected with 0.25 million 

Rabbit-BMMSCs. 

- Group C: A total of 20 holes (4 holes/rabbit, 2 

holes in each femur) were injected with 1 

million Rabbit-ADSCs in carrier gel, where 

each hole was injected with 0.25 million 

Rabbit-ADSCs  

Rabbit Sacrifice: 

All rabbits were sacrificed after 8 weeks. 

They were sacrificed according to the AVMA 

euthanasia guidelines for common species used 

at Washington University25 by injecting an 

over dose of a Pentobarbital (Diazepam, Roche, 

France) ≥ 150 mg/kg body weight into an ear 

vein. 

Assessments: 

1- Scanning Electron Microscope (SEM): The 

assessment was performed to morphologically 

examine the newly formed bone in all groups. 

The specimens were fixed in 4 % 

formaldehyde with 1% glutaraldehyde. The 

specimens were rinsed in phosphate buffer for 
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10 minutes and then dehydrated by passing 

through series of 50%, 70% and 95% ethyl 

alcohol for 10 minutes each and then in 

absolute alcohol for two changes of one-hour 

period. After dehydration, the specimens were 

dried at the critical point and mounted using 

silver paint on the specimen holder then 

coated with gold through ion sputtering 

device.26 After coating, the samples were 

examined by the Jeol scanning microscope 

(JSM-5300) in Faculty of Science, Alexandria 

University. 

2- Energy Dispersive x-ray Analysis (EDXA): 

Mineral content of bony defects in different 

studied groups were examined by EDXA. The 

specimens were ground and polished using 

diamond paste to be (1μm size). Then, they 

were washed out under running water, 

dehydrated, and air-dried.26 Surface of the 

bone was exposed to X-ray analysis using the 

EDXA system in Faculty of Science, 

Alexandria University. 

Statistical analysis: 

All Data were collected, tabulated and 

subjected to statistical analysis. Statistical 

analysis was performed by SPSS in general 

(version 20), while Microsoft office Excel was 

used for data handling and graphical 

presentation. Quantitative variables are 

described by the Mean, Standard Deviation 

(SD), the Range (Minimum – Maximum), 

Standard Error (SE) and 95% confidence 

interval of the mean. Shapiro- Wilk test of 

normality is used to test normality hypothesis 

of all quantitative variables for further choice 

of appropriate parametric and non-parametric 

tests. All the variables except one are found 

normally distributed allowing the use of 

parametric tests. One way analysis of variance 

ANOVA is used to compare the mean  values of 

the three groups. Multiple comparisons were 

carried out by applying Bonferroni method. 

For the non-normally distributed variable 

Kruskal Wallis test is applied with Mann and 

Whitney U test for pair wise comparisons. 

Significance level is considered at P < 0.05 (S); 

while for P < 0.01 is considered highly 

significant (HS). Two Tailed tests are assumed 

throughout the analysis for all statistical tests. 

 

Results: 
1. SEM Results: 

a) Control (group A): 
SEM revealed primary phase of bone healing in 

low and high magnification powers. Where, 

low magnification power for the whole surface 

of the bony defect showed newly bone filling 

the bony defect with incomplete fusion with old 

bone in  most areas and minimum complete 

fusion in other areas as in (Fig. 1 – a). At the 

periphery, upon increasing magnification 

power showed, large area of granulation tissue 

filling the bony defect with very small area of 

bony trabeculae of newly formed bone and a 

well-defined space between the newly formed 

bone filling the bony defect and the old bone 

as in (Fig. 1 – b). While at the center with high 

magnification power, a large area of 

granulation tissue appeared filling the bony 

defect as in (Fig. 1 – c). 

b) BMMSCs treatment (group B): 

SEM showed delayed bone healing with high 

rate of bone remodeling showing areas of new 

bone formation and spaces of bone resorption 

in both low and high magnification powers. As 

low magnification power for the whole surface 

of the bony defect showed incomplete fusion 

between newly formed bone and old bone 

along the whole surface area of the bony defect 

at most areas. A small area of fusion between 

developing bone and old bone by dark grey 

area of granulation tissue appeared (Fig. 2 – a). 

At the periphery, upon increasing 

magnification power showed, large areas of 

bone trabeculae and bone marrow spaces filling 

the defect, a  space with varying thickness, thin 

at some areas and thick in other areas. This 

space  indicates incomplete fusion between the 

newly formed bone and old bone as in (Fig. 2 – 

b). While at the center with high magnification 

power. It revealed areas of bone   trabeculae and 

bone marrow spaces, large spaces, and areas of 

complete formation of bone with osteocytes 

lacunae on the outer bone surface as in (Fig. 2 

– c).



 

 

EVALUATION OF THE REGENERATIVE EFFECT OF RABBIT BMMSCS AND ADSCS. AN IN VIVO STUDY| Dina M. HassounaDec2021 

ADJ December 2021 vol XXIV Histopathological Section 76 

c) ADSCs treatment (group C): 

SEM displayed a completed bone healing 

surface in both low and high magnification  

powers. Hence, along the whole surface of 

bony defect in group (C) with low 

magnification power, showing homogenous 

bony surface with complete fusion of newly 

formed bone and old bone (Fig. 3 – a). While at 

the periphery, complete fusion occurred 

between newly formed bone and old bone with 

line of demarcation separating them (Fig. 3 – 

b). Moreover, at the center of the defect, a 

homogenous newly formed bone appeared with 

similar architecture to old bone (Fig. 3 – c) 

 

 

 

 

 

Fig. (1) Showing scanning electron micrograph of control group bony defect (A) with low magnification power (a), higher magnification at the periphery 

(b) and at the center (c). A wide space (orange arrow) was observed between the newly formed bone at  the center and old formed bone (yellow astries) at the 

periphery. Small areas of newly formed bone trabeculae (blue arrows) were detected in the center with some granulation  tissue (green arrows). 
                                                                                                                                         (a) (X45);  (b & c) (X500) 

 
Fig. (2) Showing scanning electron micrograph of BMMSCs bony defect group (B) with     low magnification power (a). Higher magnification at the periphery 
(b) and at the center (c). A wide space (orange arrow) was observed between the newly formed bone at the center (orange astries) and old formed bone (blue 

asteries) at the periphery. Small areas of bone trabeculae and bone marrow spaces (blue arrows) were detected in the center. Large spaces between developing 

bones were also observed (orange arrows). 
(a) (X45); (b & c) (X500) 
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Fig. (3) Showing scanning electron micrograph of ADSCs bony defect group (c) with low  magnification power (a). Higher magnification at the periphery 

(b) and at the center (c) with complete fusion between new bone (orange astries) and old bone (blue astries) with  line of demarcation separating them 

(orange arrows), with osteocytes lacunae (yellow arrows) on the surface of newly formed bone (orange astries). 

   (a) (X45); (b & c) (X500)

  

2. EDXA Statistical Results: 

      The inorganic elements studied by EDXA 

were Calcium (Ca), Phosphorus (P), Ca/P 

ratio and Magnesium (Mg) weight %. While, 

the organic elements studied by EDXA were 

Carbon (C) and Nitrogen (N) weight %. 

       The inorganic elements, Ca and Ca/P ratio 

weight % results showed a statistically 

significant increase in BMMSCs group in 

comparison to the control group with the  least 

results seen in ADSCs group. However, P and 

Mg weight % results showed the  highest result 

in ADSCs group with statistical significance 

then decreased in BMMSCs group followed by 

control group. 

        Regarding the organic elements, the 

highest results for C weight % occurred in 

control group then decreased in BMMSCs and 

ADSCs groups in descending order with 

statistical significance. Conversely, N weight %, 

BMMSCs showed the highest results with 

statistical significance followed by ADSCs and 

control group in descending order. The ANOVA 

statistical analysis results of the previous data 

are presented in table (1) and fig. (4). 
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Table (1): Showing ANOVA statistical results of EDXA Results of inorganic elements, Ca, Ca/P ratio, P and Mg weight 

% and the organic elements C, N  weight % 
Ca % 

 

N Mean SD SEM 

95% Confidence Interval for 

Mean 

Minimum Maximum 

  

F 

  

P Value 

 

Lower Bound Upper Bound  

Control (gel 

only) 

20 12.40 5.00 1.12 10.06 14.74 4.00 22.00 3.28 0.04484 P < 0.05 S* 

ADSCs only 20 10.11 1.56 0.35 9.38 10.85 7.10 12.32      

BMMSCs only 20 13.90 6.24 1.39 10.98 16.81 2.60 20.17      

Ca/P ratio 

Control (gel 

only) 

20 2.17 0.49 0.11 1.94 2.40 1.58 3.06 5.19 0.00852 P < 0.01 

HS** 

ADSCs only 20 1.41 0.15 0.03 1.34 1.48 0.99 1.64    

BMMSCs only 20 3.12 2.88 0.64 1.78 4.47 0.57 12.71    

P% 

Control (gel 

only) 

20 5.69 1.99 0.44 4.76 6.62 2.33 9.00 3.06 0.05478 P≈ 0.05 

Almost  S*  

ADSCs only 20 7.19 0.93 0.21 6.76 7.62 4.87 8.30    

BMMSCs only 20 5.83 2.94 0.66 4.46 7.21 1.47 11.49    

Mg%     

Control (gel 

only) 

20 0.17 0.08 0.02 0.14 0.21 0.00 0.29 4.36 0.01724 

P < 0.05 S*  

ADSCs only 20 0.23 0.06 0.01 0.20 0.26 0.13 0.33    

BMMSCs only 20 0.18 0.07 0.02 0.14 0.21 0.07 0.30    

C% 

Control (gel 

only) 

20 35.72 7.45 1.67 32.23 39.21 26.00 54.30 10.11 0.00017 P < 0.001** 

 HS 

ADSCs only 20 26.82 4.96 1.11 24.50 29.14 8.00 31.63    

BMMSCs only 20 

 

30.33 6.25 1.40 

 

27.40 33.26 17.77 36.30 
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N % 

Control (gel 

only) 

20 5.96 4.14 0.92 4.02 7.90 0.00 13.00 22.22 0.00000 P < 0.001** 

 HS 

ADSCs only 20 12.10 2.74 0.61 10.82 13.38 7.67 19.49    

BMMSCs only 20 14.64 5.40 1.21 12.11 17.17 4.07 19.27    

* Significant (S), P Value< 0.05 
**High significant (HS) P value< 0.001 

 

Fig. (4): Showing graph of mean values of EDXA Results of inorganic elements (Ca, Ca/P ratio, P, Mg) and organic elements (C, N) weight % respectively.  
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Discussion:  
The ultimate goal of periodontal 

tissue engineering is to reestablish both the 

architecture and function of the damaged 

periodontal tissue. Various types of stem cells 

were utilized in association with appropriate 

scaffolds to accomplish this goal.     In the 

current study, we compared the regenerative 

capacity of both BMMSCs and ADSCs 

incorporated in chitosan scaffold and 

implanted in bone defects created in rabbit 

femurs. 

Chitosan was selected to be used as a 

scaffold in the present study due to its ability 

to promote bone healing.27 Former studies 

recognized that chitosan alone can enhance 

the differentiation of stem cells into 

osteoblasts and to augment bone growth.28,29 

Subsequent studies proposed that the 

addition of osteogenic, osteoinductive and/or 

osteoconductive biomaterials to chitosan can 

further potentiate the bone regeneration 

procedure.30,31 

All animals were sacrificed after 8 

weeks, and where examined using SEM. The 

control group which was implanted with 

Chitosan alone showed incomplete fusion 

between new and old bone in most of areas, 

while in BMMSCs group a small area of 

fusion between developing bone and old 

bone was detected. Better healing was 

observed in BMMSCs where large areas of 

bone trabeculae and bone marrow spaces 

were detected at sites of new bone formation. 

The large spaces occurred between new bone 

trabeculae formed in BMMSCs group in 

figure (2-a, b and c) could be interpreted to 

be areas of resorption during bone 

remodeling. These findings agree with Yang 

et al.32 who demonstrated better regenerative 

capacity with greater bone formation in rats’ 

periodontal defects transplanted with 

BMMSCs. This was confirmed by Zang et 

al.33 who presented that BMMSCs encourage 

greater bone formation in fenestration and 

Grade II furcation defects. 

On the other hand, in ADSCs group; 

SEM showed homogenous bony surface with 

complete fusion of newly formed bone 

formed and old bone. These findings were in 

convenience with Lemaitre et al.34 who 

verified that grafting periodontal defects with 

ADSCs promotes the periodontal 

vascularization. Moreover, Hung et al.35 

confirmed that rabbit ADSCs exhibit 

advanced growth rate in culture and 

effectively promote alveolar bone 

regeneration when placed in extraction 

sockets of rabbit model. Accordingly, SEM 

results of the current study showed better 

healing outcome in ADSCs group compared 

to the BMMSCs group. These results 

confirm those of Walmsley et al.36 who 

confirmed that ADSCs upgraded the rates of 

bone regeneration more than BMMSCs. The 

authors attributed the superior  regenerative 

capacity of ADSCs to its exhibition of both 

increased survival and increased expression 

of collagen type I alpha 1 in comparison to 

BMMSCs.  

We confirmed our SEM detections in 

the existing study with EDXA. EDXA is a 

supportive tool to analyze the constitution of 

mineralized tissues and the degree of bone 

mineralization by calculating the ratios of 

elements (atomic or weight).37 Bone is a 

mineralized tissue formed of 60% inorganic 

constituent (hydroxyapatite crystals), 10% 

water, and 30% organic constituent 

(proteins).38 In our study, the weight % of Ca, 

P, Mg and Ca/P ratio (from the inorganic 

bone components), and C, N content (from 

organic components) were detected. 

In the current study, there was a 

significant decrease in Ca weight % and 

Ca/P ratio in ADSCs compared to control 

and BMMSCs. This could be related to that 

the finally repaired bone after healing is 

lamellar bone which has been fully 

mineralized, thus the porosity is less and the 

accumulated Ca ions were less as they had 

been incorporated in the hydroxyapatite 

crystals which further propagated 

mineralization.39 In addition, the Mg weight 

% showed a significant increase in the 



 

 
EVALUATION OF THE REGENERATIVE EFFECT OF RABBIT BMMSCS AND ADSCS. AN IN VIVO STUDY| Dina M. HassounaDec2021 

ADJ December 2021 vol XXIV Histopathological Section 81 

ADSCs group. Mg weight % plays a crucial 

role in the regulation of bone mineralization 

during remodeling.40  Therefore, it is assumed 

that its increase inhibits  mineralization 

manifested by the least amount of Ca 

detected in ADSCs group. 

However, in the control group, the 

primary formed bone during healing is 

woven  bone. This type of bone possesses 

an excessive amount of interfibrillar space 

that is occupied by mineral crystals and 

acidic proteins,41 which explains the 

increased amount of Ca and Ca/P ratio in 

such group. 

The interpretation of the increased 

Ca and Ca/P ratio weight % in BMMSCs 

when compared to the control group is that, 

the woven bone had been replaced by 

trabecular bone as shown in SEM results 

indicating a high rate of bone remodeling at 

this site. Whereas, during demineralization 

phase of bone remodeling osteoclasts 

eliminate calcium ions.42 Thus, Ca will be 

accumulated at bone resorption site leading 

to an additional increase in Ca and Ca/P 

ratio levels. Besides; during bone 

formation phase of bone remodeling, 

mitochondria in osteoblasts play an 

essential indirect role in the process of 

mineralization by storing calcium and 

phosphate in the form of amorphous 

calcium phosphate.43 Moreover, Calcitonin 

is released when blood calcium levels 

increase. 44 It inhibits bone resorption and 

promotes calcium salt deposition in bone 

matrix inhibiting osteoclasts thus 

increasing Ca and Ca/P levels.45 

Concerning the findings of Ca/P ratio, 

Liu et al.46  inspected the impact of different 

Ca/P ratio on osteoblast viability, collagen 

formation, and activity of alkaline 

phosphatase. The study displayed that Ca/P 

ratios between 1 and 2 boosted the viability of 

osteoblasts and improved the activity of 

alkaline phosphatase. Accordingly, in the 

present study the Ca/P ratio of ADSCS group 

is 1.41 which optimizes the osteoblastic 

viability. On the other hand, the Ca/P ratio of 

BMMSCs group in this study showed the 

highest value (3.13) indicating an increased 

action of bone remodeling especially bone 

removal by osteoclasts at bone healing site.47 

In the existing study, P weight % showed 

higher levels in ADSCs, then BMMSCs group 

compared to the control group. These results 

agreed with Rady et al.,22 who revealed a 

significant increase in the mean P weight % in 

the BMMSC- treated group relative to the PRF-

treated group and concluded that BMMSCs 

promoted more adequate healing. The highest 

results for P weight % in this study were 

encountered in ADSCs group which points to 

that BMMSCs group yielded delayed bone 

healing compared to ADSCs group. 

Mg is the second element in bone after 

Ca where 50% to 60% of body Mg is  located 

within bone. Mg forms a surface constituent of 

the hydroxyapatite (calcium phosphate) mineral 

component. It is supposed to control and 

regulate the precipitation of calcium phosphate 

in the matrix of collagen of the bone.48 In the 

current study, the highest Mg weight % was 

noticed in ADSCs group which could be related 

to the saturation of Ca and P ions, thus; reflecting 

complete saturation and healing in ADSCs. 

Therefore, it confirms the homogeneity of 

surface bone and the complete fusion of newly 

formed bone and old bone detected by SEM in 

ADSCs group. 

The 30% organic constituent (proteins) of 

bone extracellular matrix consists of collagen 

type I (90 %) and non-collagenous proteins 

(10%).49 Alterations of the relative proportions 

of these components were observed with age, 

site, gender, disease, and treatment.50 Type I 

collagen is a triple-helical molecule including 

three polypeptide chains, each is composed of 

approximately 1000 amino acids.51 Chemically, 

an amino acid is a molecule that possesses a 

carboxylic (COOH) acid group and an amine 

group (NH2), each is attached to a carbon atom 

called the α carbon. Thus, Nitrogen and Carbon 

are related to the major protein of bone collagen 

and can therefore be used as an indicator of the 

collagen content of bone.52 
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In our study the lowest C weight 

percentage was encountered in ADSCs 

group followed by BMMSCs and control 

groups respectively. This can be attributed 

to full maturation of newly formed bone of 

ADSCs group. These results are in 

concurrence with Okata et al.53 who 

suggested that C concentration decreases 

during calcification  procedure whereas Ca 

and P increase. Similarly, Henmi et al.54 

determined that during the propagation of 

mineralization the Ca/P ratio increases and 

the proteins of the bone matrix measured in 

the form of C/Ca and C/P ratios reduces.  

Regarding N weight %, the highest 

results in the present study were 

encountered in BMMSCs then ADSCs 

and the least results in control group. This 

could be related to increased bone 

remodeling in BMMSCs group compared 

to the control group. Whereas, the 

increased N weight % is related to 

Nitrogen-linked glycoproteins (N-Linked 

glycoproteins) which are components of 

non-collagenous proteins in bone 

extracellular matrix which possess a 

significant role in bone remodeling and 

bone mineralization.55 Bone sialoprotein 

(BSP) and osteopontin (OPN) are 

members of N-Linked glycoproteins of 

non-collagenous proteins in bone 

extracellular matrix.56 BSP is expressed at 

the commencement of bone 

mineralization. It contains an N-terminal 

collagen-binding domain which facilitates 

binding of BSP to collagen which in turn 

enhances hydroxyapatite nucleation57 

which explains the elevated N weight % in 

fully mineralized ADSCs group. The 

highest level of N weight % detected in 

BMMSCs could be related to increased 

expression of both BSP and OPN. Where, 

Gordon et. al.58 established that BSP 

augments osteoblast differentiation and 

matrix mineralization and OPN plays a 

significant role in bone remodeling.59 

The role of EDXA elements 

during bone formation were correlated to 

the results of the present study in table (2).

  

      Table (2): Discussion summary of EDXA inorganic (Ca, Ca/P ratio, P & Mg) and organic elements (C & N) weight %.  

Element 

(weight %) 

Role during bone formation Results Interpretation 

Ca  - Demineralized ions released from 

inorganic bone matrix during bone 

resorption phase during bone 

remodeling 43 

BMMSCs > 

Control > ADSCs. 

 

- Thus, increased Ca weight % is related 

to increased rate of bone remodeling in 

BMMSCs group confirmed by SEM 

results (Fig. 2). 

Ca/P ratio - Ca/P ratios between 1 and 2 increased 

the viability of osteoblasts and 

improved the activity of alkaline 

phosphatase. 47 

BMMSCs (3.13) > 

Control (2.17) > 

ADSCs (1.41). 

 

- Thus, Ca/P ratio weight % of ADSCS 

group is 1.41 which optimize the 

osteoblastic viability. 

P - Enzymatic activity of alkaline 

phosphatase is required to generate 

enough of the free P mineral during 

bone mineralization.60 

 

ADSCs > BMMSCs 

> Control.  

 

- Thus, P weight % of ADSCS group 

indicated its full bone maturation 

confirmed by SEM results (Fig. 3) 
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Mg - Plays a crucial role in the regulation of 

bone mineralization during remodeling. 
40  

- Control and regulate the precipitation of 

calcium phosphate in the matrix of 

collagen of the bone.48 

ADSCs > 

BMMSCs > 

Control. 

 

- Therefore, it is assumed that Mg 

increase inhibits mineralization 

manifested by the least amount of Ca 

with the best SEM healing results 

detected in ADSCs group (Fig. 3). 

C - C is related to collagen protein found in 

bone.52 

Control 

>BMMSCs > 

ADSCs 

The least results of C observed in 

ADSCs group could be correlated to the 

least organic content with full 

maturation of newly formed bone (Fig. 

3).  

N  - N is to collagen protein found in bone.52 

- N is also related to bone non- 

collagenous N-Linked glycoproteins 

(BSP & OPN) which possess a 

significant role in bone remodeling and 

bone mineralization.55, 56 

BMMSCs > 

ADSCs> Control 

- Increased N weight % in BMMSCs 

could be attributed to increased level 

of bone remodeling confirmed by 

SEM results (Fig. 2). 

 

 

Conclusion: 

SEM and EDXA element content 

results of ADSCs group showed superior 

bone healing followed by BMMSCs. Control 

group showed early phase of bone healing 

results. 
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